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AN EVALUATION OF THE
RELIABILITY, AVAILABILITY, MAiNTAINABILITY AND DURABILITY OF THE

UTILITY TACTICAL TRANSPORT AIRCRAFT SYSTEM

EXECUTIVE SUMMARY

The AMSAA Reliability, Availability, Maintainability and Durability
(RAMD) analysis of the UTTAS DT/OT II data addressed the following
issues:

I. Comparison of RAMD Characteristics of the UTTAS candidates,

2. Assessment and Demonstration of MN, DCP and TRADOC RAMD

Requirements, and

3. Comparison of the RAM Characteristics of the UTTAS and the
UH-2H.

The results and conclusions of this analysis are summarized for each of
these issues. Problem areas and suggested improvements are also discussed.
For reference purposes, Table I provides an independent AMSAA assessment
of UTTAS and UH-lH RAMD parameters. The evaluation of UTTAS RAMD character-
istics in this summary addresses the results of DT II and the last 200
hours of OT II except where noted. Statistical tests of significance
are conducted at the a=.I0 level unless Indicated otherwise. Parts
provisioning for repair of combat damage and the associated maintenance
are not addressed in this report.

. Comparison of RAMD Characteristics of the UTTAS Candidates.

a. System Reliability (System MTBF).

The MTBF estimates of the Boeing and Sikorsky UTTAS during
DT II and the last 200 hours of OT II are shown in Table 1. There was
no significant difference between the MTBF estimates of the UTTAS
candidates in DT II. Considering the last 200 hours of OT II, the Boeing
MTBF was significantly higher than the Sikorsky MTBF at the a=.15 level.
Both UTTAS candidates demonstrated a higher system MTBF in OT II as
compared to DT II, However, the Boeing UTTAS achieved a larger MTBF
increase than Sikorsky. The Boeing increase was significant at the
a=.Ol level. The Sikorsky increase was significant at the cz=.15 level.
Engineering modifications in DT II and differences in the DT and OT
flight profiles may be contributing factors to the reliability improve-
ment of both UTTAS candidates in OT II.

During both DT II and OT II, the Boeing V56 prototype consist-
ently demonstrated a higher system MTBF than tiat of any other Boeing or
Sikorsky UTTAS prototype. It should be noted that the V56 aircraft was
e.tensively refurbished after an accident which occurred during contractor
flight testing in November 1/5. At the time of the accident, the MTBF
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of the Boeing V56 prototype was significantly lower than the MTBF of the
V57 prototype. The DT/OT I1 results, which now shnw the V56 aircraft with
a significantly hiqher MTBF than "57, suggest that the V56 aircraft may
have derived considerable benefit from the rebuilding after its accident.

The systen MTBF parameter is deficient In regard to discrimi-
nating between critical and trivial failure modes. The criticality of
system failures is analyzed in paragraph 2.1.1.3.5 of the main report.
This analysis reveals that during DT/OT II 69 percent of all Boeing
failures and 61 percent of the Sikorsky failures had no effect on mission
availability of the aircraft. In addition, the high oper&tional avail-
ability demonstrated by both UTTAS candidates indicates that maintenance
downtime due to correction of the failures experienced during the tests
is at an acceptable level.

b. Mission Reliabiliy_(Mean-Time-Between-Mission Abort).

There were no significant differences in the mean-time-between-
mission abort estimates of the UTTAS candidates as shown in Table 1. Both
candidates demonstrated a significantly higher mission reliability in OT
II as compared to DT II.

The estimates of mission reliability during DT II and OT II
are considered conservative since they were dependent upon pilot judgment
and safety considerations in a prototype test environment. The analysis
contained in paragraph 2.1.2.5 of the main report indicates that in a
combat environment both UTTAS candidates could demonstrate a mean-time-
between-mission abort at least twice as great as the value demonstrated
during DT/OT II.

c. Maintainability.

The scheduled, corrective, and total maintenance burden
(maintenance man-hours per flight hour) of the UTTAS candidates during
DT II and the last 200 hours of OT II are shown in Table 1. The Sikorsky
corrective and total maintenance burden in DT II was significantly less
than that of Boeing. The scheduled maintenance burden of the Sikorsky
UTTAS in DT II was significantly greater than that of Boeing. During the
last 200 hours of OT II, however, there was no significant difference in
the corrective, scheduled, or total maintenance burden of the two
candidates.

d. Operational Availability.

The Boeing UTTAS demonstrated a slightly higher operational
availability than that of Sikorsky during the last 200 hours of OT II,
whereas the Sikorsky UTTAS demonstrated a slightly higher value than that
of Boeing during DT II. These differences, however, are not significant.

17

'ALA . . -



e. Durability.

The Boeing UTTAS required 15 major dynamic component removals
during DT/OT II as compared to 10 removals for Sikorsky. There were
insufficient test hours to compare with reasonable confidence the mean-
time-between-removal (MTBR) of Boeing and Sikorsky dynamic components.

f. Conclusions.

Two significant differences were detected in the RAM char-
acteristics of the Boeing and Sikorsky UTTAS. These differences, however,
were peculiar to the separate DT IT and OT II results. The Boeing MTBF
was significantly higher than that of Sikorsky during the last 200 hours
of OT II but not significantly different during DT II. The Sikorsky
maintenance burden was significantly less than that of Boeing during DT
II, but not significantly different from that of Boeing during the last
200 hours of OT II.

Although both UTTAS candidates demonstrated significant reli-
ability increases In OT II, the greater improvement of the Boeing UTTAS
resulted in a significantly higher MTBF than that of Sikorsky in OT II
and a significant reduction in the Boeing maintenance burden in OT II as
compared to that of DT II. Engineering modifications in DT II and
differences in the test environments have been mentioned previously as
possible causes of the reliability increases of both UTTAS candidates.

2. Assessment and Demonstration of MN, DCP and TRADOC Requirements.

Comparison of RAND parameters with all requirements and goals
are based on the UTTAS demonstrated values during the last 200 hours of
OT II.

a. DCP Interim Goals.

Table I shows that the Sikorsky MTBF during the last 200
hours of OT II was slightly below the DCP interim requirement but this
difference is not significant. The Boeing MTBF was significantly higher
than the DCP interim goal. During the entire OT II, both candidates
demonstrated a slightly higher MTBF (3.24 hours for Boeing, 2.7 hours
for Sikorsky). Both contractors demonstrated the interim goal for total
maintenance man-hours per flight hour.

b. MN and DCP Design Goals.

The Boeing and Sikorsky man-hour per flight hour ratios forscheduled, corrective and total maintenance were significantly lower

than the MN and DCP design goals.
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The hN and DCP design goal of 4.0 hours MT&F has been
assessed as a low risk for both.UTTAS contractors provided that the
current rate of system reliability growth can be maintained. In
particular, reliability Improvements may be necessary in the drive and
electrical subsystems of both contractors. During OT II, these two
subsystems accounted for 37 percent and 42 percent of the Boeing and
Sikorsky failures, respectively. The ccntractor Reliability Prediction
Reports estimate tOat these subsystems at maturity will account for 18
percent of the Boe.r'g failures and 19 percent of the Sikorsky failures.
During DT/OT II, 45 percent •f the total Boeing failures and 71 percent
of the total Sikorsky system failures were repeated malfunctions.
Modifications directed at the.1e failure modes offer a potential source
of reliability growth in future development.

Both candidates demonstrated 28.6 hours-between mission
aborts. In order to demonstrate the design goal of 75 hours between
mission abort, reliability improvements may be required in the Boeing
electrical and drive subsystems and the Sikorsky drive and hydraulic
subsystems. During DT/OT II, the drive and electrical subsystems
accounted for 32 percent of the Boeing mission aborts. The Boeing Reli-
ability Prediction Report estimates that these two subsystems at maturity
will account for 8 percent of the mission aborts. The drive and hydraulic
subsystems accounted for 46 percent of the Sikorsky mission aborts during
DT/OT II. Th! Sikorsky Reliability Prediction Report estimates that
these two subsystems at maturity will contribute 29 percent of the total
number of aborts.

Demonstration of the MN goal of 20833 hours between safety
of flight affecting failures is a high risk due to the limited number of
test hours in the UTTAS development program. Each UTTAS contractor has
incurred one safety o flight affecting failure during contractor and
government testing. Appropriate corrective action was taken by both
contractors to eliminate the cause of these safety of flight affecting
failures.

Both candidates achieved an operational availability of
approximately 0.85, slightly higher than the MN design goal of 0.82 at
maturity. Maintaining this high availability will depend on keeping
administrative and delay downtimes below 3 percent of total calendar
time. Due to the uncertainty of delay time which reduces operational
availability, this parameter should not be used as a rigid test criterion.
Inherent availability and achieved availability, which are functions of
only the actual maintenance downtime, should be used for test purposes.

The MN specifies that the Mean-Time-Between-Removal (MTBR)of major dynamic components shall be 1500 hours at maturity. At this

point in the development program, there are insufficient flight test
hours to assess this requirement. Verification of MTBR will be possible
by continued tracking of limited production aircraft.
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c. TRADOC Minimum Acceptable Values (MAY's) and Interim TestCriteria.

Both UTTAS contractors satisfied the TRADOC interim test
criteria of 1.82 hours MTBF and 9.5 hours between mission abort with 90
percent confidence. Furthermore, the MAV's to be achieved during DT/OT
III for fault corrective man-hours per flight hour (8.0), inspection and
servicing man-hours per flight hour (2.17), operational availability
(.75), and system MTBF (2.70) were satisfied by both candidates as point
estimates during the entire OT II.

3. Comparison of the RAM Characteristics of the UTTAS and the UH-lH.

With the exception of mean-time-between-mission abort and the
corrective maintenance burden as shown in Table 1, the UTTAS performance
during the last 200 hours of OT II demonstrates a significantly improved
or equal RAM capability as compared to the UH-lH. Expected reliability
improvements in future development should increase the UTTAS mean-time-
between-mission abort and decrease the corrective maintenance burden.
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1. INTRODUCTION

1.1 General

This evaluation addresses the RAM zharacteristics of the Boeing

and SikOrsky UTTAS prototypes and the Bell UH-lH. Pertinent RAM parameters
of the three contractors' h'elicopters are assessed and compared with MN,
DCP and MAV requirements, and estimates of mature values of selected RAM
parameters are derived using Reliability Growth Methodology.

Current emphasis within DOD requires that the relationship of
RAM parameters to total system worth be established. Dr. Currie, in a
memorandum to ASAR&D (Appendix 6), requested that those RA parameters
which are critical in determining system worth be "further developed and
thresholds and testing methods established." This evaluation presents an
analysis of those RAM parameters which are most critical in determining
system worth. Limitations for assessing these parameters during Govern-
ment Competitive Testing (GCT) and proposed test methods for future
assessments of them are also presented.

Parts provisioning for repair of combat damage and the associated

maintenance are not addressed in this report.

1.2 Data Base.

The following four sources of RAM data were used to evaluate the
UTTAS:

(1) 611 hours of testing of three UH-lH aircraft at Fort Campbell,
Kentucky, from June - December 1975,

(2) 100 hours of testing of three UTTAS prototypes at each
contractor facility from August - October 1975,

(3) 300 hours of DT II testing of two UTTAS prototypes of each
contractor at Fort Rucker, Alabama, from March - June 1976, and

(4) 250 hours of OT II testing of two UTTAS prototypes of each
contractor at Fort Campbell, Kentucky, from June - August 1976.

Analyses were conducted on the individual prototypes of Boeing
and Sikorsky. Analyses were also conducted on the combined results of the
two aircraft of each contractor. Unless otherwise specified, presentations
in this evaluation are based on combined RAM characteristics of both
intotypes of each contractor. All UH-oH data presented are based on the

combined performance of all three aircraft.

The RAMLOG Data Collection System was used to collect the data
in the above four tests. Two teams of Army personnel were trained by

AVSCOM to properly record all RAM data during testing. The importance
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of the data being collected in conjunction with the UTTAS program was
emphasized to all members of both teams. The same two teams were used
in all four tests.

AMSAA personnel participated in contrector aircraft familiar-
ization courses with the members of both teams, and also had observed
their outstanding performance during the OT II and OT II tests.

At the time the DT I1 and OT II RAM data were received by AMSAA,
there were d number of maintenance actions in suspense which required
chargeability decisions. These actions were independently assessed by
AMSAA and incorporated into the analysis. In addition, the flight time
accumulated by the contractor prototypes in transit from Fort Rucker to
Fort Campbell were included in the AMSAA analysis of the DT II data.
Consequently, the results presented by AMSAA may differ from the results
published by other organizations.

1.3 RAM Scoring Criteria.

1.3.1 General. Data were collected during DT/OT II for all
maintenance actions performed on both contractors' prototype aircraft.
Each maintenance action was reviewed by the Screening Committee, in
which AMSAA was a full time participant, at the Fort Rucker and Fort
Campbell test sites and chargeability decisions were made in five
categories. These categories were:

(1) Mission abort,

(2) Potential abort,

(3) System failure,

(4) Maintenance task time, and

(5) Contractor furnished or government furnished equipment.

Chargeability was assigned in each category in accordance with the UTTAS
Failure Definition and Scoring Criteria (FD/SC) as contained in Appendix ,
2. This document was prepared by representatives from the UTTAS PMO,
TRADOC, AVSCOM, OTEA, TECOK and AMSAA, and was approved by DARCOM and
TRADOC.

Those chargeability decisions on maintenance actions for which
the screening committee could not agree were referred to the Scoring
Committee for resolution. This committee consisted of representatives
from the UTTAS PMO, TRADOC and nTEA, with TECOM and AMSAA as advisors
to DARCOM. The Scoring Committee also resolved all contractor protests
of the Screening Committee decisions.
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1.3.2 System Failure. System failures during DT/OT II were
determined from the flow dTagrams in Figures 2, 4 and 7 of the FD/SC
document. Every unscheduled maintenance action was analyzed using these
0low diagrams and then assigned one of the following five chargeability
codes:

(1) N - Not a chargeable system failure.

(2) D - Dependent falluve,

(3) C - Chargeable system failure,

(4) L - Higher level maintenance performsd; failure ýias charged
to the unit level maintenance action, or

(5) P - Pesky malfunction.

Detailed explanations of these five codes are found in Figures
2 and 7 of the FO/SC document.

1.3.3 Mission Abort. Criteria for charging a malfunction as a
mission abort depended upon when tie malfunction occurred. When a mal-
function occurred in the aircraft after initiation of the preflight
inspection and prior tr take off a mission abort was charged if the mal-
function had to be corrected prior to take off and active clock maintenance
required to correct the malfunction was greater thin 30 minute;;. A mal-
function occurring during flight was charged as a mission abort if an
unscheduled landing or mission cancellation was necessary. Malfunctions
of grotnd sippcrt equipment to be charged as mission aborts and other
details of this definition may be fcund in Figure 3 of the FD/SC document.

Mission aborts which were charged during DT/OT I were for mal-
functions which prevented mission completion in a peacetime test environ-
ment, Approximately 60 percent of thsse malfunctions would not have
caused mission aborts in a combat environment. For example, in a peace-
time situation a pi!Lt migh;t not take off if týe APU generator, a backup
electrical suprly system, is inoperative. He might opt to have the
gVne-;tor repaired first. If the active rýpair time is greater than 30
minutes, ?,. 'bort is charged. In combat, the pilot would probably take
off and complete his mission without the APU generator. With two main
generators, each capable of satisfying all electrical requirements of
the aircraft, and the battery buss as a backup, the pilot would not be
concerned with the possibility of a complete loss of electrical power.

Since the effect of malfunctions upon combat missions is as

important as their effect upon peacetime missions, aborts which occurred
during testing were also assessed for their impat ' upon combat missions.
These results are presented in paragraph 2.1.2.
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1.3.4 Engine Failure. Engine failure chargeability was evaluated
in terms U fte definition and criteria contained in the engine contractor's
Prime Item Development Specification for the T700-GE-700 Turboshaft Engine.
Appendix 3 presents the criteria for failure exclusion and failure class
definition. Each engine maintenance action was classified In one of the
following categories:

(1) Not engine chargeable (airframe item),

(2) Chargeable failure,

(3) Excluded failure,

(4) No failure, or

(5) Chargeability deferred pending engine contractor investi-
gation.

Summary data are presented in terms of two parameters: The
Mean-Time-Between-Failures (MTBF) and the Mean-Time-Between-Removals
(MTBR). The MTBF is calculated by dividing the total engine hours by
the number of chargeable failures which the MTBR is calculated by divid-
ing the total engine hours by the number of unscheduled engine removals.

1.3.5 Safety of Flight Failure. The Flight Safety Flow Chart
(Figure 6) of the FD/SC document provides detailed criteria for classify-
ing flight safety failures. In order for a failure to be charged as flight
safety affecting, it must occur during flight, result in an unintended
landing or stoppage of test, and meet at least one of the following
criteria:

(1) Cause injury or be potentially injurious to flight crew,
passengers or ground crew,

(2) Cause a forced landing, or

(3) Cause damage to the aircraft.

1.3.6 Maintenance Task Time. Ever; -sintenance action performed
during Df/OT II was analyzed to assess mainte.:.ince task time chargeability
by using Figure 5 of the FD/SC document. A number of maintenance actions
such as towing and washing the aircraft or performing maintenance on
interim Government Furnished Equipment (GFE) are excluded from task time
chargeability. For detailed explanations see Appendix 2.

"a

1.3.7 Potential Abort. Any malfunction discovered after initi-
ation of the preflight inspection and prior to take off, which required 4
corrective maintenance before take off was classified a potential abort,
For example, if the transmission oil level was discovered to be low during
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a preflight inspection and oil had to be added before take off, this event
was classified as a potential abort. In addition, in flight mission aborts
•ere included as potential aborts.

A detailed flow chart of a potential abort is presented in the
FD/SC document.

1.3.8 Contractor Furnished Equtpmnt (CFE) and Gcvenment
Furnishedj pT ent ýFE). The equipment on which every f;.-ntenance
action was performed was classified as either contractor fiuratshed or
government furnished, Details are found in the FD/SC document. Within
the GFE category further scrutiny was required to determine whether the
equipment was interim e. itJipnt. This distinction was necessary since
maintenance performed i, interim equipment was not considered chargeable.
The rationale for this was that interim equipment would not be insta.led
on the production aircraft, and maintenance performed on this type of
GFE had ro application to calculations of the maintenance burden for the
aircraft.

The interim GFE will be replaced in production by modified
versions w'ith improved RAM characteristics. In addition, other GFE
required for the production aircraft but not now on the prototypes will
be installed. Par values for maintenance requirements and failure rates
have also been established for both classes of GFE. These estimates are
incorporated into a number of summaries in this report and their use is
annotated in the applicable tables.

1.3.9 Mean-Time-Between-Removal (MTBR). The UTTAS MN (Refer-
ence 1) specified a mean-time-between-removal parameter. This parameter
applies to the dynamic components of the aircraft which are defined in
the MN to be, "those rotating and non-rotating items in the drive train
and rotor(s) control with associated bearings, seals and vibration
absorbers." A detailed listing of the aircraft dynamic components is
presented in paragraph 2.4. A dynamic component is considered to undergo
a "removal" from the aircraft when it is removed for scheduled or unsched-
uled overhaul or inspection at the depot level. The Mi specifies that
removals "caused by bearing failures, seal package, special inspections,
lubrication replenishment, and replacement of parts" are to be accountable
to the MTBR parameter.
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2. ANALYSIS RESULTS

2.1 Reli.ability

2.1.1 System Rellabilitt.

2.1.1.1 Methodology. The quantitative system reliability
assessment of the UTTAS and the UH-11! aircraft is expressed in terms of
the Mean-Time-Between-Failure parameter under the assumption of a
constant failure raLe. Point estimates and 90 percent lower confidence
bounds for the MTBF parameter are separately calculated for the two
prototypes of each UTTAS contractor. In addition, an MTBF point estimate
and 90 percent lower confidence bound is given for each UTTAS contractor's
combined system of two prototypes.

Both UTTAS candidates demonstrated a significant
increase in system MTBF in OT II as compared to the MTBF achieved in DT
II. Therefore, the MTBF parameter is calculated as a separate point
estimate for DT II and OT II.

The MTBF of the UH-IH is presented in terms of the
combined system of three UH-lH aircraft, A point estimate and 90 percent
lower confidence bound for system MTBF is provided for the UH-lH system.

All hypotheses of MTBF differences are tested at the
a=0.l0 level ,.f significance unless otherwise specified. Details concern-
ing the methodology described above are contained in Appendix 1.

2.1.1.2 System Mean-Time-Between-Failure (MTBF).

2.1J.2.1 DT II Performance. Tables 1 and 2 provide the MTBF
estimates of the Boeing and Sikorsky prototypes during ')T II. These values
include an estimate of the failure rate of Government Furnished Equipment
(GFE) which was not installed during DT/OT II, (Appendix 5, Table 1). In
addition to the failures charged by the UTTAS Scoring Committee, four
suspended maintenance actions and seven malfunctions which were coded by
the UTTAS Scoring Committee as nuisance malfunctions have been assessed
as failures against the Boeing system. Seven nuisance malfunctions have
been assessed as failures against the Sikorsky system in addition to the
failures charged by the UTTAS Scoring Committee.
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TABLE 1

MTBF ESTIMATES OF THE BOEING PROTOTYPES - DT II

MTBF MTBF - 90% Lower
Flight Point Estimate Confidence Bound

Aircraft Hours (Hours) (Hours)

Boeing V56 114.3 2.71 2.21

3oeing V57 196.8 2.02 1.77

Boeing (Combined) 311.1 2.23 1.99

The MTBF point entimate of aircraft V56 was significantly
higher than the MTBF estimate of V57 during DT II.

It should be noted that the Boeing V56 prototype was
extensively refurbished after an accident which occurred in November
1975 during contractor flight testing. The AMSAA Reliability Growth
Model assessment of the Boeing flight test data through November 1975
showed the V56 prototype with an MTBF of 1.5 hours at the time of the
accident. The MTBF estimate of the V57 aircraft at this time was 2.6
hours, significantly higher than that of the V56 aircraft. The DT II
results, which now show the V56 prototype with a significantly higher
MTBF than V57, indicate that the V56 aircraft may have derived consider-
able benefit from the rebuilding after its accident. No other Boeing
or Sikorsky prototype was subjected to such extensive renovations prior
to enter!ng DT II.

TABLE 2

MTBF ESTIMATES OF THE SIKORSKY PROTOTYPES - DT II

MTBF MTBF - 90% Lower
Flight Point Estimate Confidence Bound

Aircraft Hours (Hours) (Hours)

Sikorsky S50 110.3 2.39 1.96

Sikorsky S52 194.3 2.27 1.97

Sikorsky (Combined) 304.6 2.32 2.Cr7

The MTBF point, estimates of the two Sikorsky prototypes
are not significantly different.

The MTBF point estimate of the combined Sikorsky system
is slightly higher than the MTBF estimate of the combined Boeing system
during DT II, but the difference is not significant.
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2.1.1.2.2 OT II Performance. Tables 3 and 4 give the MTBF
estimates of the Boeing and Sikorsky aircraft during OT II. These values
include an estimate of the failure rate of GFE which was not installed
during DT/OT II. (Appendix 5, Table 2). In addition, seven suspended
maintenance actions and four malfunctions coded as nuisance malfunctions
by the UTTAS Scoring Committee have been assessed as failures against the
Boeing aircraft. Five suspended maintenance actions and seven nuisance
malfunctions have been charged as failures against the Sikorsky system.
These are included as failures in addition to all failures charged by the
UTTAS Scoring Committee.

TABLE 3

MTBF ESTIMATES OF THE BOEING PROTOTYPES - OT II

MTBF MTBF - 90% Lower
Flight Point Estimate Confidence Bound

Aircraft Hours (Hours) (Hours)

Boeing V56 138.1 4.33 3.41
Boeing V57 121.7 2.51 2.07
Boeing (Combined) 259.8 3.24 2.79

During both DT II and OT II the MTBF of the V56
prototype was significantly higher than the MTBF of V57.

TABLE 4
MTBF ESTIMATES OF THE SIKORSKY PROTOTYPES - OT II

MTBF MTBF - 90% Lower
Flight Point Estimate Confidence Bound

Aircraft Hours (Hours) (Hours)

Sikorsky S50 120.4 3.50 2.78
Sikorsky S52 133.9 2.24 1.88
Sikorsky (Combined) 254.3 2.70 2.35

During OT II, the MTBF of S50 was significantly
higher than the MTBF (if S52.

The combined Boeing system demonstrated a significantly
higher (,A=.15) MTBF during OT II as compared to the combined Sikorsky system.

Both contractor systems demonstrated an increase in
MTBF in OT II as compared to DT'II. This increase is significant at the
a=.Ol level for Boeing and x=.15 for Sikorsky. An analysis of this reli-
ability improvement is provided in the following paragraph.
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2.1.1.2.3 Reliability Improvement in OT II. The reliability
improvement for the two UTTAS contractors as evidenced by the increase
in system MTBF from DT II to OT 1I is shown in Table 5. The slight
decrease for Sikorsky aircraft S52 is not statistically significant.

TABLE 5

SYSTEM MTBF DT/OT II*

DT II System MTBF (Hrs) OT II System MTBF (Hrs)

Boeing V56 2.93 4.93
Boeing V57 2.14 2.77
Boeing (Combined) 2.37 3.61

Sikorsky S50 2.57 3,88
Sikorsky S52 2.43 2.39
Sikorsky (Combined) 2.48 2.92

*Does not include par values for GFE not yet installed on aircraft.

An examination of the basic differences between the
two test phases was made in ordew, to determine the possible cause or
causes of these reliability differences. Areas addressed were possible
weight differences, aircraft configuration differences and operational
profile differences between DT II and OT II.

Examination of loads carried by the aircraft during
OT II and OT II reveals that on the average the aircraft in DT II grossed
approximately 700 pounds more that, when operated in OT II. This could
have been a factor contributing in some degree to the better reliability
in OT II since higher gross weight entails greater stress levels.
However, from the data available, no positive inferences can be drawn.

Basic configuration differences due to engineering
modifications applied during DT II and OT II as well as their effective-
ness in regard to RAM are addressed in Section 2.1.1.3.3. In summary,
the contribution to reliability improvement as a result of engineering
modifications applied by Sikorsky appeared to improve reliability on S50,
but this improvement is not evident on S52. Evidence of some reliability
improvement due to engineering modifications is indicated by the data for
the Boeing aircraft.

A major distinction between the DT II and OT II test-
ing is the flight profiles. Table 6 categorizes the type of flight
profiles flown during the DT II and OT II testing.
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TABLE 6

FLGTPROFILES

Number of Missions

Fliht*Boeing Sikorsky
Testing Profile V56 V57 S50 S52

DT 11 1 122 166 121 185
2 1 0 0 0

OT 1 3 37 27 39 41
4 110 103 99 122

*Flight Profile Code

1 - Fly indicated airspeed 145 to 170 knots, any altitude to
10,000 feet. Six landings and takeoffs. Terminate all
approaches with a one-minute hover after landing.

2 -Fly indicated airspeed for best range. Perform six approaches
to one-minute hover. Takeoff with m'aximium power sustained for
one minute. Return external load to pick-up point.

3 -Nap of the Earth (NOE), speeds to 60 to 90 knots, internal or
external load.

4 - Low level Contour Flights; speeas 80 to 120 knots, internal or
external load.

Table 6 shows that approximately one-fourth of the
OT II missions were NOE missions flown at speeds below 90 knots. The
remaining OT II missions were low level con~tour flight flown at speeds
below 120 knots. This differs from the OT II missions of which all but
one involved flight at speeds between 145 and 170 knots.

In any rotary wing aircraft, the dynamic forces are
substantially greater than the static loads. These dynamic forces, when
applied to a complicated mechanism such as a helicopter, produce vibration
to a greater or lesser degree. Excessive vibration, when present, is a
prominent cause of component failures in rotary wing aircraft. The
following paragraph presents partial results of a pilot survey as reported
by TECOM in their analysis of thie DT II testing of the Boeing and Sikorsky
IJTTAS candidates. This survey attempts to quantify the pilot's opinions
in regard -to various human factors to include vibration levels on a scale
of one to ten (Human Factors Evaluation Rating Scale). A partial list of
the rating scale guidelines with their associated scale rating is presented
below. Only those ratings of interest are presented.

30



--.

Pilot Rating Aircraft Characteristics Demands on Pilot

2 Good-Negligible Faults Function and operability
are good; operator com-
pensation not a factor
for desired performance.

5 Poor, Moderately Objection- Function and/or operability
able Faults need moderate improvement;

require considerable com-
pensation from operator.

6 Conditionally Acceptable, Ability to perform mission
Objectionable, But Tolerable is marginal and requires
Faults extensive compensations

by operator.

While both contractors were reported to have experi-
enced vibration in particular landing approaches (common to both DT II
and OT II), the Boeing aircraft encountered severe vibratioi in high
speed flight as well. The overall vibration rating ascribr.d to the
Boeing aircraft by the pilots during DT I1 was 5.40; Sikor'sky obtained
1.95. The results of this pilot survey coupled with the previously
discussed flight profiles of Table 6 suggest that the increase in MTBF
for the Boeing UTTAS in OT II is due in part to the decreased flight
speeds in OT II.

In summary, the OT II flight profiles may have
contributed positively to the reliability of both UTTAS candidates during
OT II. However, the reduction of vibration due to the lower airspeeds
flown during OT Il is a more plausible explanation for the MTBF increase
from DT II to OT II for Boeing than for Sikorsky.

2.1.1,2.4 DCP Interim MTBF Requirement. The DCP (Reference 2)
states that a 14TBF value of 2.6 is to be demonstrated as a point estimate
during the last 200 hours of OT II. Tables 7 and 8 provide the MTBF
estimates of the Boeing and Sikorsky systems during this time period.
In addition to the failures assessed by the UTTAS Scoring Committee,
seven suspended maintenance actions and three nuisance malfunctions have
been charged as failures against the Boeing system. Five suspended
maintenance actions and seven nuisance malfunctions have been charged as
failures against the Sikorsky system in addition to the failures assessed
by the UTTAS Scoring reomfttee. The values in the table below include an
estimate of the failure rate of GFE which was not installed during DT/OT
II, (Appendix 5, Table 2).
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TABLE 7

MTBF ESTIMATES OF THE BOEING PROTOTYPES - LAST 200 HOURS OF OT II

MTSF
Flight Point Estimate

Aircraft Hours (Hours)

Boeing V56 100.4 3.75
Boeing V57 99.5 2.63
Boeing (Combined) 199.9 3.10

TABLE 8

MTBF ESTIMATES OF THE SIKORSKY PROTOTYPES - LAST 200 HOURS OF OT II

MTBF
Flight Point Estimate

Aircraft Hours (Hours)

Sikorsky S50 88.9 3.36
Sikorsky S52 113.6 2.14
Sikorsky (Combined) 202.5 2.54

Both Boeing prototypes demonstrated the 2.6 MTBF
interim requireinent. The combined Sikorsky system MTBF was slightly
below the 2.6 requirement. However, the S50 aircraft successfully
demonstrated the 2.6 system MTBF. The combined Boeing MTBF was signif-
Icantly higher than the combined Sikorsky MTBF at the a=.15 level of
significance.

2.1.1.2.5 Assessment of the Design Goal for System MTBF. The
MN and DCP specify a design goal of 4.0 hours for UTTAS system MTBF.
The AMSAA Reliability Growth Model (Reference 3) has been used to assess
the reliability growth demonstrated by each UTTAS contractor through all
of contractor testing and DT/OT II. The inpits to the model for each
contractor consisted of the failure rates over contractor testing,
divided into three intervals of approximately 200 hour length, and the
failure rate demonstrated during DT II and OT II combined.

The reliability growth curves thus obtained are
presented in Appendix 7.

If the reliability growth rate demonstrated up to
OT II can be maintained through the maturity phase, the projection shows
that both UTTAS concepts should demonstrate an MTBF of approximately
hours. However, two major factors are involved in mcintaining this rate
of growth. First, the potential for growth in the system must exist.
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If a system has already reach the state-of-the-art, there can be no
reliability growth. Secondly, assuming the potential for reliability
growth exists, the contractor's management must allocate the resources
necessary to maintain an aggressive reliability improvement plan.

Continued reliability growth tracking during future
testing will be necessary to insure that these conditions are satisfied.

2.1.1.2.6 UTTAS MTBF Comparison wit' the UH-lH. Table 9
compares the MTBF demonstrated by the UTTAS candidates during the last
200 hours of OT II with the MTBF achieved by a system of three UH-lH
aircraft. The values for the UH-lH system were obtai;,ed from 611.5
hours of testing collected under the RAMLOG Data Collection System
between June and December 1975.

TABLE 9

MTBF COMPARISON OF UTTAS AND UH-lH

MTBF
Point Estimate MTBF - 90% Lower

Aircraft System (Hours) Confidence Bound

Boeing (Combined) 3.10 2.62
Sikorsky (Combined) 2.54 2.19
UH-1H (Combined) 2.19 2.06

The MTBF demonstrated by the Boeing system was
significantly higher than the MTBF of the UH-lH system at the 0=.10
level. The Sikorsky MTBF was higher than the UH-lH MTBF with a=.15
level.

2.1.1.2.7 Rellabilitj of the T700 Engine. The General Electvic
YT700 eng'ne, which was installed on the UTTAS candidates during DT/OT
II, will be replaced at the time of UTTAS production by the General
Electric T700 engine. The T700 engine is an improved configuration of
the YT700 engine.

The performance of the YT700 engine during DT/OT IT
was used to estimate the reliability of the T700 engine. Chargeability
criteria for the T700 engine are contained in the YT700 Engine Failure
Definition and Scoring Criteria, presented in Appendix 3.

A total of 11 failures during the 2216 engine flight
hours accumulated on all Boeing and Sikorsky prototypes during the
combined DT/OT I1 was assessed against the T700 engine. This yields a
failure rate of 0.005 for a single engine, or a failure rate of 0.010
for two engines In series. The failure rate of 0.010 for two engineshas been included in the UTTAS MTBF estimates of previous paragraphs.

33

1*1



A breakdown of engine failures and removals for each
UTTAS contractor is shown in Tables 10 and 11. For the purpose of an
equitable comparison, the engine failure rate of 0.010, mentioned above
was assigned to each UTTAS contractor.

TABLE 10

BOEING VERTOL - T700 MTBF AND MTBR*

Engine
Chargeable Engine Flight Engine MTBF MTBR

rest Failures Removals Hours Hours (Hrs) (Hrs)

DT 4 3 617.4 829.0 207 276
OT 1 5 509.2 675.5 676 135

Totals 5 8 1126.6 1504.5 301 188

TABLE 11

SIKORSKY - T700 MTBF AND MTBR*

Engine
Chargeable Engine Flight Engine MTBF MTBR

Test Failures Removals Hours Hours (Hrs) (Hrs)

DT 4 1 606.2 733.3 183 733
OT 2 2 483.4 584.8 292 292

Totals 6 3 1089.6 1318.1 220 439

TABLE 12

COMPOSITE - GENERAL ELECTRIC T700 MTBF AND MTBR*

Engine
Chargeable Engine Flight Engine MTBF MTBR

Test Failures Removals Hours Hours (Hrs) (Hrs)

DT 8 4 1223.6 1562.3 195 391
OT 3 7 992.6 1260.3 420 180

Totals 11 11 2216.2 2822.6 257 257

*MTBF and MTBR estimates are given in terms of engine operating hours
as opposed to engine flight hours.

NOTE: See page Vl for explanation of abbreviations used in tables.
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2.1.1.3 System Failure Analysis.

2.1.1.3.1 General. The following sections present an anaiysis
of the effects of DT II and OT II system failures on the various RAM
parameters. In addition, the engineering modifications are assessed in
terms of their impact on system failures.

2.1.1.3.2 Repeated Failures. A number of the Boeing and
Sikorsky UTTAS f3ilures were charged to components which failed more
than once. Appendix 10 lists those components which failed more than
once during DT II and OT II. Table 13 shows that 45 percent of the
total Boeing system failures and 71 percent of the total Sikorsky system
failures were repeated malfunctions.

TABLE 13

REPEATED SYSTEM FAILURES

No. of Components No. of System Percent of Total
Contractor That Failed Failures Charged Number of
Testing More Than Once To These Components System Failures

Boeing-DT II 18 57 46%
Boeing-OT II 8 25 36%
Boeing-DT II/Or II 20 87 45%

Sikorsky-DT II 18 84 71%
Sikorsky-OT II 17 52 65%
Sikorsky-DT II/OT II 27 140 71%

Figure 1 shows the impact on system MTBF of the
failure rate of components which experienced more than one failure during
DT II/OT II. The points on the abscissa represent a range of failure
rates assigned to the components which experienced more than one failure.
These failure rates for the Boeing UTTAS vary from 0.00 to 0.15, the
latter estimate beiiig the actual failure rate observed during DT II/OT
II. Failure rates of these components on the Sikorsky UTTAS vary from
0.00 to 0.25, the latter value being the failure rate observed during
DT II/OT If. The points on the ordinate represent the system MTBF
estimate which would be realized at the various component failure rates
on the abscissa.
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FIGURE 1. SENSITIVITY OF SYSTEM MTBF TO FAILURE RATE OF COMPONENTS
WHICH EXPERIENCED MORE THAN ONE FAILURE IN DT II/OT II

Figure I shows that system MTBF degrades from 4.88
to 2.80 for Boeing and from 8.14 to 2.65 for Sikorsky as the failure
rate of those components which failed more than once is varied from zero
to the value observed during the combined DT II and 01 II testing. For
example, as the repeated-failure-components' failure rates increased to
0.10 failures per flight hour, the system MTBF estimates decreased to
3.28 hours for Boeing and 4.44 hours for Sikorsky.

2.1.1.3.3 Effect of Engineering Modifications. Table 14 of
this section Is a summary of the engineering modification efforts of the
Boeing and Sikorsky contractors during OT II and OT II. A complete list
of the components which were modified through Modification Work Orders
(MWO) during DT II and OT II is in Appendix 9.
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Table 14 shows that the effect of the 14 Boeing
Engineering Modifications during DT 11 and OT II was to decrease the
failure rate of the modified components from 0.0158 failures per hour
to 0.0128. The 30 Sikorsky Engineering Modifications accounted for a
decrease in the failure rate of the modified components from 0.0730 to
0.0252. These reductions of the failure rate of the modified components
translate to a 24 percent decrease for Boeing land a 63 'percent decrease
for Sikorsky.

2.1.1.3.4 Subsystem Failures. A breakdown of the Boeing and
Sikorsky system failures by subsystem is in Appendix 26. Table 15 is
a summary of those subsystems which experienced the highest failure
ratEs during DT II and OT 11.

TABLE 15

SUBSYSTEMS EXPERIENCING THE HIGHEST FAILURE RATES

Percent of
High Failure Rate Total ACM Per

Contractor - Testing Subsystems Failures Event MTBF

Boeing - DT II Drive, Electrical, 50% 1.94. 4.94
and Avionics

Boeing - OT II* Drive, Electrical, 51% 1.40 8.00
and Airframe

Sikorsky -DT II Power Plant and 52% 0.94 4.55
Pneumatic, Drive,
and Electrical

Sikorsky - OT II* Airframe, Drive, 55% 0.74 5.96
and Flectrical

*Last 200 hours, -'ntractor equipment only.
NOTE: See page 11 for explanation of abbreviations used in table.

For both contractors during DT TI and OT II, over
fifty percent of the total system failures are charged to three sub-
systems. The large Jump in Boeing MTBF for the three worst subsystems
(DT II = 4.94; OT II = 8.00) is primarily due to the decrease in failures
charged to the Electrical and Avionics subsystems.

2.1.1.3.5 Criticality of System Failure. The PAMLOG data
collection system classifies system failures according to the result
they have on aircraft, operability. This section presents those failures
which: (1) caused the aircraft to be not mission available, (2) caused a
mission abort, or (3) affected the safety of flight.
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A system failure can cause the aircraft to be not
mission available either because of the criticality of the failed
component, or due to the nature of the repair action. A critically
failed component is any component or piece-part which is in such a
condition as to cause the aircraft to be not mission available. An
example of a system failure repair action that caused the Boeing air-
craft V57 to be not mission available is maintenance fault number
6222V57011Z. This maintenance action was initiated for the replacement
of a leaking actuator. Although the leak was minor enough not-to have
grounded the aircraft, the removal of the actuator did cause the air-
craft to be n,)t mission available.

Appendix 2 contains a copy of the complete scoring
criteria used by the UTTAS screening commnittees for charging mission
aborts. Generally, a system failure will cause a mission abort if it
meets one of the following two criteria: (1) The failure is discovered
during pre-flight and the rephir action or actions delay the mission by
more than 30 minutes, or (2) The failure is discovered during flight and
causes premature termination of the mission. Consequently, all mission
abort type system failures will cause the aircraft to be classified as
not mission available.

Any system failure which actually caused an unsafe
flight event is considered a safety of flight affecting failure. From I
the first block of the Flight Safety flow chart, shown in Appendix 2,
and the previous definitions, it is evident that all safety of flight
affecting failures are also charged as mission aborts.j

The DT II/OT II mission affecting failures are
summarized in Table 16 for the Boeing and Sikorsky IJTTAS prototypes.

TABLE 16

CLASSIFICATION OF SYSTEM FAILURES

Boeing Sikorsky

System Failure Effect DT 11 OT II DT II OT 11
No effect on mission availability 91 49 71 58

Not mission available due to the repair
action but did not cause a mitsion abort 15 4 8 4
Not mission available due to criticality
of the failed component but did not
cause a mission abort 13 15 28 19
Caused a mission abort but did not
affect the safety of flight 12 5 16 5

Affected the safety of flight 0 0 0 1

Total System Failures 131 73 123 87
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From the above table it can be determined that of the
204 Boeing system failures during DT II/OT 11, 69 percent would not pro-
hibit the aircraft from performing a mission if it were called upon to do
so. Thirty-one percent of the Boeing system failures, either due to the
nature of the repair action or because of the criticality of the failed
component, resulted in the aircraft, being not mission available. However,
only 8 percent of the total Boeing system failures actually caused
mission aborts. There were no Boeing safety of flight affecting system
failures during DT II/OT II.

In comparison, 61 percent of the Sikorsky system
failures would not prohibit the aircraft from performing a mission if
it were called upon to do so. Ten percent of the Sikorsky system failures
actually caused mission aborts of which one event was charged as a safety
of flight affecting failure.

The Sikorsky system failures were, by a greater
percentage, more critical. Examination of Table 16 shows that during
DT/OT II, Sikorsky and Boeing prototypes experienced, respectively, 81
and 64 system failures which caused the aircraft to be not mission
available. Of the 81 Sikorsky system failures which caused tho aircraft
to be not mission dtvailabhe, 85 percent were due to the criticality of
the failed component. This is in contrast to Boeing's 64 not mission
available type system failures of which 70 percent were so charged due
to the criticality of the failed component.

2.1.1.3.6 Nuisance Type Malfunctions. The UTTAS Scoring
Committee established a separate category frthose malfunctions which
were of the nuisance or "pesky" variety, (Appendix 2, Figure 1). This
category includes specifically the following items:

(1) Missing or broken common fasteners, e.g.,
missing bolts, screws, rivets and

(2) Minor repairs of sheet metal and fiberglass.

This classification of malfunztions was approved in
June 1976 by the Deputy Commanding General for Materiel Development,
DARCOM, and the Deputy Chief of Staff for Combat Development, TRADOC, in
accordance with AR 702-3.

Generally, these types of malfunctions have no impact
whatsoever on system effectiveness or safety and require only a small
amount of maintenance time. However, if a malfunction of this type had
any impact on safety of flight or mission effectiveness, it was excluded
by the UTTAS Scoring Committee from the nuisance malfunction category

and assessed as a failure against the system.

40

-~~~ A2 ~.



The UTTAS Scoring Committee did not consider a
sppclflc maintenance time as a criterion for the nuisance malfunction
category. In this evaluation however, those nuisance type malfunctions
which required more than 30 minutes maintenance time are not considered
to be representative of the nuisance malfunction category. Those nui-
sance malfunctions which required more than 30 minutes to repair have
been assessed as failures in this evaluation and are included in the
calculation of the MTBF parameters of paragraph 2.1.1.2.

Table 17 provides the number of nui,;a,•ce type
malfunctions which occurred during DT Il and OT II and the distribution
of their maintenance times.

TABLE 17

NUISANCE TYPE MALFUNCTIONS - DT/OT II

Total Number Maintenance Time (Minutes)
of Nuisance

Aircraft Type Malfunction Greater Than
System DT/OT II 0-15 16-30 30

Boeing V56 14 10 4 0

Boeing V57 59 37 11 11

Boeing (Combined) 73 47 15 11

Sikorsky S50 16 11 3 2

Sikorsky S52 50 29 9 12

Sikorsky (Combined) 66 40 12 14

Approximately 60 percent of the total number of
nuisance malfunctions of each contractor required less than 15 minutes
of elapsed maintenance time. Approximately 15 percent of the total
number of Boeing nuisance malfunctions and 21 percent of the Sikorsky
nuisance malfunctions required more than 30 minutes of elapsed mainte-
nance time.

Table 18 gives the elapsed maintenance time per
nuisance malfunction and the elapsed maintenance time per flight hour

for all nuisance mnlfunctions charged by the UTTAS Scoring Committee.
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TABLE 18

NUISANCE MALFUNCTION MAINTENANCE CHARACTERISTICS

Elapsed Maintenance Elapsed Maintenance Time
Aircraft Time Per Nuisance Per Flight Hour For

System Malfunctton(Minutes) Nuisance Malfunctions(Minutes)

Boeing (Combined' 21.0 2.8

Sikorsky (Comb'ned) 19.2 2.2

As mentioned previously, those nuisance malfunctions
which requ;red more than 30 minutes of elapsed maintenance time have been
assessed as failures in this evaluation. Table 19 shows the elapsed
maintenance time per malfunction and the elapsed maintenance time per
flight hour for those nuisance malfunctions which required 30 minutes or
less of elapsed maintenance time.

TABLE 19

NUISANCE MALFUNCTIONS WITH LESS THAN 30 MINUTES MAINTENANCE TIME

Elapsed Maintenance Elapsed Maintenance Time
Aircraft Time Per Time Per Flight

System Malfunction(Minutes) Hour (Minutes)

Boeing (Combined) 11.4 1.2

Sikorsky (Combined) 10.2 0.9

Elimination of those nuisance malfunctions which
required more than 30 minutes of elapsed maintenance time thus reduced
the maintenance time per malfunction and the maintenance time per flight
hour for nuisance malfunctions by approximately 50 percent.

The mean-time-between-nuisance malfunction for the
two aircraft systems during DT/OTII are given in Table 20. The nuisance
malfunctions which required more than 30 minutes of maintenance time are
not included since they have been assessed as failures against the
system MTBF parameter of paragraph 2.1.1.2.
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TABLE 20

MEAN-TIME-BETWEEN-NUISANCE MALFUNCTION

Mean-Time-Between-Nui sance
Malfunction (Hours)

Aircraft DT II OT II

Boeing V56 22.9 17.3

Boeing V57 7.9 5.1

Boeing (Combined) 10.4 7.9

Sikorsky S50 13.8 20.1
Sikorsky S52 14.9 5.4
Sikorsky (Combined) 14.5 9.8

Nuisance malfunctions had a slightly higher rate of
occurrence on the Boeing system during DT II and OT II than on the Sikorsky
system, but the difference in nuisance malfunction rates was not signi-
ficant. The combined system of three UH-1H aircraft was charged with 16
nuisance malfunctions in 611.5 hours, a significantly lower rate of
occurrence than either UTTAS candidate.
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2.1.2 Mission Reliability.

2.1.2.1 Methodology. Mission reliability is defined as the
probabilIty-of completing a one-hour mission without occurrence of an
equipment malfunction that is cause for a mission abort. Missions are
considered to include a pre-flight inspection and landing at a predeter-
mined area.

Estimates of mean-time-between-mission abort and mission
reliability as defined above will be given for each prototype of the UTTAS
candidates. In addition, mean-time-between-mission abort and mission
reliability estimates will be provided for each UTTAS contractors' combined
system of two prototypes.

The mission reliability characteristics of the UH-lH
will be presented in terms of the combined UH-lH system consisting of
three aircraft.

A constant mission abort rate will be assumed in the
calculation of mission reliability for the UTTAS prototypes and the UH-lH
system. All statistical tests between mission reliaoillity differences
will be conducted at the G=.lO level of significance.

above are contained in Appendix 1.

2.1.2.2 DT II Performance. The mission reliability character-
istics of the UTTAS prototypes during DT II are given in Tables 21 and
22. An estimate of the mission -Failure rate of GFE which was not
installed during DT/OT II has been included in the values below, (Appendix
5, Table 2).

TABLE 21

BOEING MISSION RELIABILITY- DT II

Mean-Time- Mission Mission Reliability
Between-Mission Reliability 90% Lower

Aircraft Abort (Hrs) (0 Hr Mission) Confidence Bound

Boeing V56 53.3 .981 .955
Boeing V57 15.2 .936 .908
Boeing (Combined) 20.6 .953 .934

The mission reliability of the V56 prototype was signi-
ficantly higher during DT II than the mission reliability demonstrated by
the V57 prototype. This is consistent with the superior system reliability
demonstrated by the V56 aircraft during DT II.
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TABLE 22

SIKORSKY MISSION RELIABILITY- DT II

Mean-Time- Mission Mission Reliability
Between-Mission Reliability 90% Lower

Aircraft Abort (firs) (1Hr Mission) Confidence Bound

Sikorsky S50 21.6 .955 .920
Sikorsky S52 i3.9 .931 .901
Sikorsky (Combined) 16.0 .939 .918

lhe mission reliability of the combined Boeing system
was slightly higher than the combined Sikorsky system during DT II, but
the difference was not significant.

Both r -tractors demonstrated the TRADOC interim test

criteria of 0.90 missio;. .'eliability with 90 percent confidence.

2.1.2.3 OT II Performance. The mission reliability character-
istics of the UTTAS prototypes during OT II are given in Tables 23 and
24. The estimate of the mission failure rate of GFE which was not
installed during DT/OT II are included in the values below.

TABLE 23

BOEING MISSION RELIABILITY - OT II

Mean-Time- Mission Mission Reliability
Between-Mission Reliability 90% Lower

Aircraft Abort (Hrs) (0 Hr Mission) Confidence Bound

Boeing V56 40.8 .976 .948
Boeing V57 28.9 .966 .936
Boeing (Combined) 34.2 .971 .953

TABLE 24

SIKORSKY MISSION RELIABILITY - OT II

Mean-Time- Mission Mission Reliability
Between-Mission Reliability 90% Lower

Aircraft Abort CHrs) 0I Hr Mission) Confidence Bound

Sikorsky S50 28.6 .966 .936Sikorsky S52 25.1 .961 .929Sikorsky (Combined) 26.6 .963 .943
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There was no significant difference in the mission
reliability characteristics demonstrated by the Boeing and Sikorsky
systems during OT II.

The mission reliability achieved by both contractors in
OT II was significantly higher than the mission reliability demonstrated
in DT II. This is consistent with the overall system reliability improve-
ment that was demonstrated by both contractors in OT II.

Again, both contractors demonstrated the TRADOC interim
test criteria of 0.90 mission reliability with 90 percent confidence.

2.1.2.4 Mission Reliability Comparison With The UH-lH. Table
25 compares the mission reliability characteristics demonstrated by the
UTTAS candidates during the last 200 hours of OT II with the mission
reliability characteristics of a system of three UH-lH aircraft. The
values for the UH-lH system were obtained from 611.5 hours of test data
collected under the RAMLOG Data Collection System between June and
December 1975.

TABLE 25

MISSION RELIABILITY - UTTAS VS. UH-1H

Mean-Time- Mission
Aircraft Between-Mission Reliability

System Abort (Hours). (1 Hr Mission)
Boeing (Combined) 28.6 .966
Sikorsky (Combined) 28.6 .966
UH-lH (Combined) 67.9 .985

The two UTTAS candidates demonstrated the same value
for mission reliability during the last 200 hours of OT II. The UH-lH
system achieved a significantly higher mission reliability than the
UTTAS candidates.

2.1.2.5 Combat Mission Reliability. The estimates of UTTAS
mission reliability during DT/OT It are considered conservative since
they were dependent upon pilot judgment and safety considerations in a
prototype test environment. Under these test conditions, the improved
mission reliability that can be achieved with the redundancy of parallel
systems cannot be adequately demonstrated.

In order to assess the potential of the UTTAS candidates
in a combat env-ronment, an evaluation has been made of the mission abort
events in the DTi/OT II environment which would also have aborted a mission
in a combat situation. The corresponding combat mission reliability
values for the UTTAS candidates during DT/OT II are contained in Tables
26 and 27. These values include a combat mission failure rate for GFE
which was not installed during DT/OT II, (Appendix 5, Table 2).
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TABLE 26

COMBAT MISSION RELIABILITY - DT II

Mean-Time-Between- Combat Mission Combat Mission
Combat Mission Reliability Reliability 90 Percent

Aircraft Abort (Hrs) (1Hr Mission) Lower Confidence Bound

Boeing V56 151.5 .993 .967
Boeing V57 36.5 .973 .951
Boeing (Combined) 50.6 .980 .967

Sikorsky S50 29.6 .967 .936
Sikorsky S52 26.7 .963 .938
Sikorsky (Combined) 27.7 .964 .947

TABLE 27

COMBAT MISSION RELIABILITY . OT II

Mean-Time-Between Combat Misslon Combat Mission
Combat Mission Reliability Reliability 90 Percent

Aircraft Abort (Hrsl (1 Hr Mission) Lower Confidence Bound

Boeing V56 72.2 .986 .962
Boeing V57 151.5 .993 .969
Boeing (Combined) 95.7 .9930 .977

Sikorsky S50 67.1 .985 .957
Sikorsky S52 71.1 .986 .961
Sikorsky (Combined) 69.1 .986 .972

An estimate of the combat mission reliability of three
UH-lH aircraft has been similarly assessed from 611.5 hours of testing
discussed in previous paragraphs. This estimate is compared in Table 28
with the assessment of the combat mission reliability of the UTTAS
candidates during the last 200 hours of OT II.

TABLE 28
COMBAT MISSION RELIABILITY UTTAS VS. UH-lH

Mean-Time- Combat Mission
Between-Combat-Abort Reliability

Aircraft System (Hours) (1 Hr Mission)

Boeing (Combined) 86.2 .988
Sikorsky (Combined) 60.2 .984
UH-lH (Combined) 152.9 .993
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The assessment of UH-lH combat mission reliability was

significantly higher than either UTTAS system.

2.1.2.6 Analysis of Mission Abort Events - DT/OT II. A complete
listing of the mission aborting events of the UTTAS candidates during
DT/OT II and the corrective maintenance actions performed is provided in
Appendix 11, Tables 1 and 2. Significant characteristics of these events
will be described for each contractor in the summaries below'

2.1.2.6.1 Sikorsky Mission Abort Events - DT/OT II. Twenty-thre
mission aborts were assessed against the Sikorsky prototypes during DT/OT
II. These do not include aborts caused by malfunctions of the GE YT700
engines. Eight of these aborts occurred in flight, while the remaining
fifteen aborts occurred either during the pre-flight inspection or crouid
run-up. One-third of the mission aborts were caused by malfunctio•s !n
the flight control and hydraulic systems. The drive system A.lo a,:,..ounted
for oni-third of the mission aborts.

Three mission aborts were caused by failure o4 the
rotor speed sensor. After each occurrence, the rotor speed sensor was
replaced. No modification was incorporated on this component during
DT/OT II. On two occasions in flight, all pressure was lost in the
number two hydraulic system and the backup hydraulic pump. This was
caused in each instance by four bolts which worked loose from a valve
cover, resulting in 'oss of hydraulic fluid. After the second occurrence
of this malfunction, the bolts were safety wired. This corrective action
should effectively eliminate this failure mode. The main rotor blades
were the cause of three mission aborts. One of these aborts has been
assessed as a safety of flight affecting failure and is discussed further
in paragraph 2.1.3.

2.1.2.6.2 Boeing Mission Abort Events - DT/OT II. Seventeen
mission aborts were assessed against the Boeing prototypes during DT/OT
II. This total does not include the mission aborts assessed against the
GE YT700 engines. Ten of these aborts occurred on the ground and seven
occurred while in flight. The drive system, which accounted for one-third
of the mission aborts, had the highest mission affecting failure rate
compared to other subsystems.

Severe vibrations in flight resulted in a Boeing
mission abort during DT II, but subsequent troubleshooting could detect
nomalfunction in any system. Modifications have been incorporated on
the pilot's and copilot's windshield and overhead corner window which
were the cause of two mission aborts in DT/OT II.

2.1.2.6.3 General Electric YT700 Engine Mission Abort Events -

DT/OT II. As mentioned previously, the General Electric YT700 engines,
which were installed in the UTTAS candidates during DT/OT II, will be
replaced by the GE T700 engines at production. The GE T700 engines are
an improved configuration of the GE YT700 entine. The mission reliability
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performance of the YT700 engines during DT/OT II was used to estimate a
mission abort rate which the modified configuration of the T700 engine
would have demonstrated during DT/OT II. In order to account for the
improved design of the T700 engine, a mission abort was not assessed
against the T700 engine if the abort was caused by a component on the
YT700 engine which had been redesigned. In addition, only four of the
nine aborts on the YT700 engine which were caused by diagnostic Indicators
were charged against the T700 configuration.

Under these criteeia, ten aborts were assessed against
the T700 engine during the 2216 total engine flight hours accumulated on
all UTTAS prototypes during DT/OT II. This yields a mission abort rate
of 0.005 for a single T700 engine, or a mission abort rate of 0.010 for
two T700 engines in a series configuration. The mission abort rate of
0.010 for two T700 engines was included in the UTTAS mission reliability
estmates during DT II and OT II. A description of the ten mission
abort events assessed against the T700 engine is contained in Appendix
11.

Four of the ten aborts charged against the T700
engine were caused by magnetic chip light warnings. The magnetic chip
detector gives warning of deterioration in components of the engine
lubrication system by attracting metal particles in the engine oil to a
magnetic plug. However, after each of the four chip light occurrences
which caused misison aborts, only a small amount of metal contaminants
were found on the magnetic plug. This was not considered sufficient
evidence of abnormal deterioration of engine components.

The operator's manual for the GE YT700 engine during
GCT advises engine shutdown if a chip light Illuminates. Although the
UTTAS has the capability to function adequately on one engine, the safety
considerations which are necessary in a prototype test necessitated
mission termination if a chip light on one engine illuminated. Under
these procedures, false indications by the chip detection system could
become a recurring source of mission aborts during further development
testing.

2.1.2.7 Probability of Restoration. The probability of resto-
r.tion is defined as the probability of restoring the aircraft to an
operatioital status within 30 minutes after the occurrence of a potential
mission aborting type event. In simpler terms, the probability of resto-
ration may be considered as the percentage of potential mission abort
type its which require less than 30 minutes to repair. The UTTAS
FD/F' nsiders a potential misson aborting type event to be any malfunc-
tio,% uiscovered in a pre-flight inspection which requires maintenance
prior to flight. In addition, all actual mission abort events are
regarded as potential mission abort events.
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TABLE 29

PROBABILITY OF RESTORATION- DT II

Number of Potential
Number of Mission Aborts Prot-ability
Potential Requiring Less Than ofAircraft Mission Aborts 30 Min To Repair Restoration

Boeing (Combined) 118 101 0.86

Sikorsky (Combined) 52 29 0.56

TABLE 30

PROBABILITY OF RESTORATION - OT II

Number of Potential
Number of Mission Aborts Probability
Potential Requiring Less Than of

Aircraft Mission Aborts 30 Min To Repair Restoration

Boeing (Combined) 138 126 0.91
Sikorsky (Combined) 31 23 0.74

During OT II, the Boeing combined system demonstrated
the MN requirement of 0.90 for probability of restoration.

The Boeing prototypes had a total of 256 potential
mission aborts during DT II and OT II. However, 196 of these potential
mission aborts were unscheduled servicings of engine oil, transmission
oil or hydraulic fluid which required less than 30 minutes of maintenance
time. The Sikorsky aircraft had 83 potential mission aborts during DT
II and OT II. Only 36 of these were unscheduled servicings requiring
less than 30 minutes.

The high values which the Boeing prototypes demonstrated
for probability of restoration are thus due primarily to the large number
of unscheduled serVicings which were required prior to flight.

Table 31 ccmnpares the probability of restoration of
the UTTAS candidates if unscheduled serviclngs are not considered as
potential abort type events.
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TABLE 31

PROBABILITY OF RESTORATION - DT/OT !I
(UNSCHEDULED SERVICINGS EXCLUDED)

Probability of Restoration

Aircraft DT II OT II
Boeing (Combined) .59 .37

Sikorsky (Combined) .38 .47

Tables 32 and 33 compare the probability of restoration
for the UTTAS candidates during the last 200 hours of OT II and the
probability of restoration demonstrated by the UH-lH combined systemi of
three aircraft during the 611.5 hours of testing discussed in previous
sections. Unscheduled servicings are included in Table 32 and excluded
in Table 33.

TABLE 32

PROBABILITY OF RESTORATION - UTTAS AND UH-lH COMPARISON
(INCLUDES UNSCHEDULED SERVICINGS)

Probability of
Aircraft System Restoration

Boeing (Combined) .90

Sikorsky (Combined) .78

UH-IH (Combined) .71

TABLE 33

PROBABILITY OF RESTORATION - UTTAS AND UH-lH COMPARISON
(EXCLUDES UNSCHEDULED SERVICINGS)

Probability of
Aircraft System Restoration

Boeing (Combined) .33

Sikorsky (Combined) .50

UH-1H (Combined) .67
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2.1.3 Flight Safety Reliability.

2.1.3.1 General. A safety of flight affecting failure is a
system fail-ure which has actually caused an unsafe flight event resulting
in an unintended landing or stoppage of test. The UTTAS M~ateriel Need
document requires that the flight safety reliability be not less than
0.999952 for a one-hour mission. This translates to a mean time between
safety of flight affecting failures of 20,833 hours.

At this point, each contractor was incurred one safety
of flight affecting event. These events are described in the following
paragraphs.

2.1.3.2 Details of Boeing Event. The Boeing safety of flight
affecting event was cre on 1November 1975, during contractor test-
ing when aircraft V56 crashed while demonstrating main rotor overspeed
in autorotation. The main rotor tachometer is red-lined at 117 percent,
but investigation determined that the main rotor speed (N R) had reached

approximately 123 percent when the tail rotor drive shaft failed.

The investigation also determined that at 123 percent
N R one segment of the tail rotor drive shaft whipped sufficiently far

out of alignment to contact a portion of the fuselage structure. When
that happened, the drive shaft failed. It is believed that 123 percent
N R represented a critical frequency for the tail rotor drive shaft.

Consequently, Boeing has (since the crash) modified the tail rotor drive
shaft to change its critical frequency. As a result of the crash, a main
landing gear mount brake and the two YT700 engines sustained minor damage.
Although the aircraft impacted oak trees up to 15 inches in diameter,
all key fuselage components were found to be still in alignment. There
were no injuries to personnel as a result of the crash.

2.1 .3.3 Details of the Sikorsk Event. Thp Sikorsky safety of
flight affecting event was i~urdon 9 August 1976, approximately 190
hours into OT II testing, when aircraft S50 was forced to land due to a
sudden occurrence of severe vibrations. The aircraft was carrying a
mortar squad, flying a night, multiple ship, internal load, low level
contour mission. At 300 to 350 feet above ground level (AGI) the air-
craft developed extreme vibrations, making the aircraft uncontrollable
for one pilot. With the co-piolt's assistance, control was regained
just before decending into a heavily wooded area. The aircraft landed
under full power chopping down pine trees from 4 to 6 inches in diameter.
Prior to the development of the extreme vibrations, the aircraft had
been flying smoothly. This event has been charged as a safety of flight
affecting failure.



An investigation revealed that the vibration started
when an area approximately 60" x 12"1 x5"' of the outboard end of one of
the main rotor blades broke away. As a result of tree strikes, the main
rotor tip caps were severed and the tall rotor blades were damaged. No
injuries to personnel or crew resulted from the forced landing. The air-
craft was flown out of the forced landing area to the OT II field site
on 11 August 1976, 6 hours and 10 minutes after it had been released to
maintenance personnel.

On 14 August 1976, the Sikorsky contractor modified
its UTTAS main rotor blades. This modification consisted of a fiberglass
bonding doubler on the outboard end of the blade near the tip cap. Since
installed, three of these bonding doublers have required c~ontractor
repair actions over a period of approximately 60 flight hours. It is
not known at this time whether the Sikorsky contractor will initiate any
other modifications in this area.

2.1.3.4 Fliqht Safely Reliability Estimates. Based on 1,362
total flight hours and one sa-fety of flight affecting failure, an estimate
for the Sikorsky UTTAS mean time between safety of flight affecting
failures -is 1,362 hours (flight safety reliability - 0.999266). Charg-I
ing the Boeing safety of flight affecting event as a failure would give
the Boeing UTTAS a mean time between safety of flight affecting failures
estimate of 1,679 hours (flight safety reliability - 0.999405). Although
the UH-lHi's incurred no safety of flight affecting failure during testing,
the mean time between safety of flight affecting failures demonstrated by
the UH-lH fleet in FY75 was 12,945 hours (flight safety reliability
-0.999923). This estimate was based on 336,570 total flight hours in

rY75 for the UH-lH fleet as specified in the AVSCOM Executive Summnary
Report (Reference 4).

The estimates for both contractors UTTAS candidates'
flight safety reliability factors do not meet the required value of
0.999952. However, the flight safety reliability factor requirement is
a design goal for the mature aircraft and, as stated in the UTTAS
Decision Coordinating Paper, "These early tests cannot be used for
statistical verifications of reliability but will provide early indications
of design faults and will establish a basis for redesign and additional
testing."
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2.2 Maintainability.

2.2.1 General. Both UTTAS candidates have design features
which will facilitate field maintenance. Some of these which have
already proved valuable on the UH-lH are:

e Provisions for an aircraft mountable crane to
allow removal and installation of major dynamic components in the field
and

9 Integral work platforms, steps and walkways to
eliminate the need for ladders and maintenance scaffolds.

Other maintainabilfly features of both contractors'
prototypes which either exist to a lesser degree or are non-existent on
the UH-lH are:

e Right to left interchangeability of redundantcomponents to facilitate troubleshooting procedures and reduce the

required test equipment,

e An onboard Auxiliary Power Unit (APU) which
supplies power to all systems to allow pre-flight checks, maintenanceinspections and adjustments without requiring operation of rotor systems

or ground power units,

e Quick disconnects and modular components in
the avionics; hydraulic and electrical systems to allow expeditious
piece-part replacement without disrupting the remainder of the subsystem,

e Direct reading aircraft fluid indicators to
facilitate inspections and

s Go-no-go Built In Test Equipment (BITE) to
eliminate Time Between Overhaul (TBO) requirements on the monitor-a
components in the avionics, engines and Stability Control Augmentation
System.

In addition, the Boeing Vertol candidate includes an
aircraft kneeling capability to facilitate maintenance and transportability.

2.2.2 Methodology. In both DT II and OT II, all maintenance
actions were categorized according to the type of the mainteance task
conducted and the subsystem upon, which it was performed. These categories
have been analyzed, and those areas requiring a disproportionate share of
the maintenance have been highlighted. Regression analysis techniques
were used to determine the best functional relationship between mainte-
nance man-hours per flight hour and test time. Comparisons of the
contractors' prototypes with the UH-lH and with MN, DCP and MAV require-
ments are based on results from the last 200 flight hours of OT II. All
tests of significance were conducted at the a=0.10 confidence level.
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Approximately 99 percent of the maintenance actions In

DT I and OT II were performed on the aircraft at the AVUM or AVIM levels.

Consequently, all calculated maintainability parameters are applicable
only to AVUM/AVIM on aircraft maintenance.

2.2.3 Scheduled Maintenance.

2.2.3.1 DT II Results. Summaries of scheduled inspections on
the Boeing and Sikorsky prototypes are presented in Tables 34 and 35.

TABLE 34

SCHEDULED INSPECTIONS ON BOEING AIRCRAFT V56 AND V57 DURING DT II

Type of Number of ACM Per MMHD Per, MMHD Per

Inspection Inspections Inspection (Hrs) Inspection Flight Hour

Pre-fl I ght 191 0.38 0.72 0.44

Scheduled 39 0.33 0.36 0.05

THIR 25 1.70 2.12 0.17

Intermediate/
Minor Phase 5 2.72 3.95 0.06

Special 9 0.36 0.47 0.01

Post-flight 13 0.18 0.30 0.01

Enroute 43 0.14 0.26 0.04

Totals 325 0.47* 0.75* 0.78

NOTE: See page II for explanation of abbreviations used in the table.
*Weighted Average.

5
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TABLE 35

SCHEDULED INSPECTIONS ON SIKOiSKY AIRCRAFT S50 AND S52 DURING DT I

Type of Number of ACM Per MMHD Per MMKD Per
_Inspection Ins ections Inspection (Hrs) Inspection Flight Hour

Pre-flight 259 0.32 0.55 0.47

Scheduled 73 0.18 0.20 0.05

Daily 88 1,24 1.75 0.50

Periodic/Major
Phase ....

Special 12 0.18 0.17 0.01

Post-flight 9 0.13 0.19 0.01

Enroute 14 0.11 0.15 0.01

Totals 455 0.46* 0.70* 1.05

NOTE: See page 11 for explanation of abbreviations used in the table.
*Weighted Average.

Both contractors prescribe pre-flight inspection in
their scheduled maintenance policies. Thase pre-fli.ht inspections
during DT rI were conducted as often as five times per day per aircraft.

In lieu of a daily inspection, Boeing specified a Ten
to'ir Inspection Requirements (THIR) to be conducted every ten flight
hours or five days, whichever came first. The Sikorsky policy during
DT II wai to inspect the aircraft daily.

The Boeing policy on periodic inspections proviaed for
an Intermediatc/Minor Phase inspection which required that each of ten
distirict inspection phases be performed every 50 flight hours, thus
completing the entire periodic inspection every 500 flight hours. The
Sikorsky policy on periodic inspections was to perform one complete
Periodic/Major Phase inspection every 500 flight hours.

The differences in the man-hours expended by each
contractor on scheuulcd Inspections during DT II were primarily due to
the differences in maintenance policies. The 0.17 direct maintenance
man-hours per flight hour expended on the Boeing THIR is approximately
one-third the 0.50 direct maintenance man.-hours per flight hour expended
on the Sikorsky daily inspections. Also, Boeing pFrformed five phased
inspections which acccunted for 0.06 direct maintenance mni'-hours per
flight hour compared to no periodic inspections for Siknsrky, since the
aircraft had not flnwn 500 hours. The 0.05 direct maintenance man-hours
per flight hou;- fnr each contractor in the scheduled inspection category
is utilized in taking transmission and gear box oil samples.
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A summary of all scheduled maintenance (excluding
modification work orders and mission profile changes) conducted during
DT II is presented in TFable 36.

TABLE 36

ALL SCHEDULED MAINTENANCE DURING DT II

Number of ACM Per MMHD MMHD Per
Contractor Actions Action (Ors) Per Action Flight Hour
Boeing 329 0,.47 0.75 0.79
Sikorsky 496 0.4S 0.69 1.12

NOTE: See page 11 for explanation of abbreviations used in the table.

The direct maintenance man-hours per flight hour for
all scheduled maintenance is slightly larger than the direct man-hours
per flight hour for scheduled inspections. The differences are primarily
due to scheduled tests, servicings and adjustments. The detailed break-
downs of the DT II scheduled maintenance, according to subsystem and
maintenance function, are presented in the Appendices.

Table 37 presents the total times (excluding modifica-
tion work orders and mission profile changes) for which the aircraft
were not mission available during DT II due to scheduled maintenance.

TABLE 37

ALL SCHEDULED MAINTENANCE DURI4G DT 1I FOR
WHICH THE AIRCRAFT WERE NIT MISSIO1M AVAILABLE

Number of Downtime Per MMHD Per Downtime Pir
Contractor Actiors Action (Hrs) _.Action Flight Hour (Hrs)
Boeing 4 2.00 2.31 0.03
Sikorsky 17 0.94 1.37 0.05

NOTE: See page 11 for explanation of abbreviations used in the table.

Although the downtime per flight hour for Sikorsky is
higher than that of 3oeing, the difference 4s not significant.

A decreasinT trend in scheduled maintenance for beth
contractors was noted during DT II. This decrease in maintenance man-hours
per flight hour during DT II Is probably due tn experience acquired by
maintenance personnel throughout the test.. Regression analysis showihg
these trends are presented in Figures 1 and 3 of Appendix 24.
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2.2.3.2 OT II Results. Scheduled inspections performed on both
contractors' prototypes during the last 200 hours of OT II are sunmarized
in Tables 38 and 39.

TABLE 38

SCHEDULED INSPECTIONS ON BOEING AIRCRAFT V56 AND V57

Type of Number of ACM Per MMHD Per MMHD Per
Inspection Inspections Inspection(Hrs) Inspection Flight Hour

Pre-flight 80 0.42 0.78 0.31
Scheduled 16 0.35 0.36 0.03

THIR 14 0.92 0.98 0.07
Intermediate/
Minzr Phasc 8 1.78 5.43 0.22
Special 6 0.42 0.40 0.01

Post-flight 6 0.05 0.07 0.00

Enroute 30 0.08 0.15 0,02

Total 160 0.45* 0.831 0.66

• Weighted Average

NOTE: See page l; fo: •xplanation of abbreviations used in, the table.

TABLE 39

SCHECULED INSPECTIONS ON SIKORSKY AIRCRAFT S50 AND S52

Type of Number of ACM Per MI•HD Per MMHJ Per

Inspection 11irpectics Inspection(Hrs) Inspection F1lght Hour

Pre-flight 63 0.35 0.63 C.20

Scheduied 50 0.19 0.19 0.05
k Oaily/THIR 32 0.83 1.05 0.17

Periodic/Major Phase 1 11.30 17.24 0 09

Special 11 0.24 0i.24 O.0'
Post- fl ight 2 0.J 0.06 0.00

Enroute 3 O.,3 0.18 0.00

Total 16: Oo_45* O,_64* 0._51

•*We ighted Av erage

NOTE: See page 11for explanation of abbreviations used in the table.

58

I!

- -&'. 1



To evaluate maintenance man-hour requirements for
periodic inspections, a complete Periodic/Major Phase Inspection was
conducted on Sikorsky aircraft S52 prior to the specified 500 flight hour
interval, and four additional phases of Boeing's Intermediate/Minor Phase
Inspection were conducted on aircraft V57 prior to each of four 50 flight
hour intervals. Consequently, the direct maintenance man-hours per
flight hour associated with these inspections in Tables 38 and 39 are
inflated. Dividing the total times for the complete Intermediate/Minor
Phase or Periodic/Major Phase Inspections by 500 hours for both contractors
yields 0.10 direct maintenince man-hours per flight hour for Boeing and
0.03 direct maintenance man-hours per flight hour fur Sikosrky. In
addition, Sikorsky switched from a policy of daily aircraft inspections
to an Intermediate Ten Hour Inspection, a policy which is identical to
Boeing's THIR. Of the 32 Sikorsky inspections classified as Daily/THIR,17 were daily inspections and 15 were THIR. Had the THIR concept beenimplemented by Sikorsky for all of the last 200 hours, the direct mainte-

nance man-hours per flight hour associated with these inspections would
have been comparable with those observed for Boeing.

The total direct maintenance man-hours per flight hour
and per inspection in Tables 38 and 30 are significantly different at the
90 percent confidence level. However, these differences are entirely due
to the differences in the previously mentioned Periodic/Major Phase
Inspection of Sikorsky and Intermediate/Minfor Phase Inspection of Boeing.

Table 40 presents comparisons of all scheduled mainte-
nance (excluding modification work orders and mission profile changes) in
the last 200 hours of OT II with the corresponding characteristics of the
UH-lH. The scheduled maintenance parameters of Boeing and Sikorsky have
been adjusted to reflect the previously discussed corrections to the
direct maintcnance man-hours per flight hour associated with Periodic/Major
Phase and Intermediate/Minor Phasa Iispections. In addition, the par
value of 0.15 direct maintenance man-hours per flight hour for GFE not
yet installed on the aircraft has been incorporated in the Boeing and
Sikorsky totals. These totals include only AVUM/AVIM on aircraft
maintenance.

TABLE 40

ALL SCHEDULED MAINTENANCE OF BOEING AND SIKORSKY
PROTOTYPES COMPARED WITH THE UH-lH

Boeino Sikorsky UH-IH

Total Scheduled

Maintenance Min-hours 0.75 0.72 1.24

Direct Per Flight HoAr
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The UTTAS Materiel Need (MN) and Decision Coordinating
Paper (DCP) (References 1 and 2) specify that no more than 1.0 mainte-
nance man-hours per flight hour shall be required for scheduled inspections
and servicings. The UTTAS Memorandum of Agreement (MOA) on Minimum Accept-
able Values (MAV) (Appendix 4) specifies a maximum of 2.17 man-hours per
flight hour for scheduled inspections and servicings. The results in
Table 40 indicate that both contractors have easily met the MN, DCP and
MAV requirements. In addition, both contractors have achieved approxi-
mately a forty percent reduction in the scheduled maintenance burden
compared with that of the UH-lH.

Detailed breakdowns according to maintenance function
and subsystems of all scheduled maintenance during the last 200 hours of
DT II are presented in the Appendices.

Total scheduled maintenance times for which both
contractors' prototypes were not mission available (excluding modification
work orders and mission configuration changes) during the last 200 hours
of OT II are compared with the comparable parameters for the UH-lH and
presented in Table 41.

TABLE 41

BOEING AND SIKORSKY SCHEDULED MAINTENANCE FOR WHICH THE AIRCRAFT
WERE NOT MISSION AVAILABLE COMPARED WITH THE BELL UH-lH

Number of Downtime Per MMHD Per Downtime Per
Contractor Actions Action (Hrs) Action Flight Hour (Hrs)

Boeing 2 1.80 4.02 0.02

Sikorsky 9 2.34 3.45 0.10

Sell* 170 0.80 1.08 0.22

*Determined from AMSAA assessment of UH-lH data base.
NOTEi See page 11 for explanation of abbreviations used in table.

The large number of scheduled maintenance actions down-
ing the UH-lH are due to the higher frequency of scheduled component
inspections in the UH-lH maintenance policy relative to both UTTAS
candidates.

tc Detailed breakdowns of these maintenance actions
according te subsystem and mainten~nce function ere presented in the
Appendices.
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An increasing trend in scheduled maintenance for both
contractors was noted during OT II. However, this trend was due primarily
to the performance of Sikorsky's Periodic/Major Phase Inspection and
four additional phases of Boeing's Intermediate/Minor Phase Inspection
near the end of OT II. A minor contribution to this trend was a slight
increase in the frequency of special inspections at the end of OT II.
Excluding the special and periodic inspections yielded a slightly decreas-.
ing trend for Sikorsky and a slightly increasing trend for Boeing.
Regression analyses showing these trends are presented in the Appendices.

2.2.4 Unscheduled Maintenance.

2.2.4.1 DT II Results. A summary of all unscheduled mainte-
nance on the Boeing and Sikorsky prototypes is presented in Table 42.

TABLE 42

UNSCHEDULED MAINTENANCE ON THE BOEING AND SIKORSKY PROTOTYPES DURING DT II

Number of ACN Per MMHD Per MMHD
Maintenance Maintenance Maintenance Per

Contractor Actions Action (Hrs) Action Flight Hour
Boeing 629 0.66 1.00 2.02
Sikorsky 400 0.64 0.93 1.22

NOTE: See page 11 for explanation of abbreviations used in table.

The unscheduled direct maintenance man-hours per flight
hour for the Boeing aircraft is significantly greater than that of
Sikorsky. Table 43 presents those subsystems on both contractors'
prototypes which required the greatest amount of unscheduled maintenance.

!
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TABLE 43

BOEING AND SIKORSKY SUBSYSTEMS REQUIRING GREATEST QUANTITY
OF UNSCHEDULED MAINTENANCE DURING DT II

Boeing Sikorsky

Number of MtH D Number of MMHD
Maintenance Per Maintenance Per

Subsystem Actions Flight Hour Actions Fligh Hour

Airframe 97 0.31 52 0.12

Power Plant &
Pneumatic Sys 52 0.11 47 0.15

Drive System 239 0.54 55 0.23

Hydraulic 49 0.11 46 0.13

Instrumentation 19 0.12 18 0.01

Electrical 38 0.11 42 0.09

Flight Controls 8 0.03 35 0.21

Auxiliary Power
Unit (APU) 24 0.10 0 0.00

Avionics 50 0.41 28 0.10

NOTE: See page 11 for explanation of abbreviations used in table.

The Boeing Airframe, Drive System, Instrumentation,
APU and Avionics subsystems required 1 .48 direct maintenance man-hours
per flight hour compared with 0.46 direct mtaintenance man-hours per
flight hour for these subsystems on the Sikorsky prototypes. This
difference is significant. The Sikorsky Flight Controls subsystem
required 0.21 direct maintenance man-hours per flight hour, significantly
higher than, the 0.03 for Boeing. N

Table 44 shows the five Boeing subsystems from Table
43 which compared unfavorably with Sikorsky. Results are presented for

F each aircraft.
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TABLE 44

BOEING SUBSYSTEMS REQUIRING A DISPROPORTIONATE SHARE
OF UNSCHEDULED MAINTENANCE RELATIVE TO SIKORSKY

Aircraft V56 Aircraft V57
Nuber of MMHD Number of MMHD

Maintenance Per Maintenance Per
Sub-v.te Actions Flight Hour Actions F1ight Hour

Airframe 30 0.14 67 0.41

Drive System 50 0.19 187 0.74

Instrumentation 7 C.05 12 0.17

Auxiliary Power
Unit (APU) 15 0.05 9 0.12

Avionics 13 0.11 37 0.59

NOTE: See page l for explanation of abbreviations used in table.

The airframe, drive system and avionics subsystems of
aircraft V57 required four times as much unscheduled maintenance as those
of V56. When the 0.44 unscheduled direct maintenance man-hours per
flight hour expended on these subsystems on aircraft V56 is compared with
the 0.45 unscheduled maintenance man-hours per flight hour expended on
the same subsystems on both Sikorsky aircraft, there is no significant
difference. Detailed breakdowns of all unscheduled maintenance according
to subsystem and maintenance function are presented in the Appendices.

All unscheduled maintenance for which both contractors'
prototypes were not mission available during DT II is presented in Table
45. Boeing downtime was significantly higher than that of Sikorsky.

TABLE 45

BOEING AND SIKORSKY UNSCHEDULED MAINTENANCE DURING DT II
FOR WHICH THE AIRCRAFT WERE NOT MISSION AVAILABLE

Number of Downtime Per MMHD Per Downtime Per
Contractor Actions Action (Hrs) Action Flight Hour (Hrs)

Boeing 99 1.65 2.90 0.52

Sikorsky 112 .1.01 1.51 0.37

NOTE: See page 11 for explanation of abbreviations used in table.
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For both contractors, the drive system was the largest
contributor to downtime per flight hour. The Boeing and Sikorsky drive
systems accounted for 0.22 and 0.10 hours of downtime per flight hour,r
respectively for unscheduled maintenance. Additional details are in
Appendices 13 and 19.

An increasing trend in unscheduled maintenance for
both contractors was noted during DT II. Regression analyses showing
these trends are presented in Figures 2 and 4 of Appendix 24.

2.2.4.2 OT II Results. A summary of all unscheduled mainte-
nance on the Boeing and Sikorsky prototypes during the last 200 hours of
OT II is compared with that of the Bell UH-lH in Table 46.

TABLE 46

UNSCHEDULED MAINTENANCE ON THE BOEING AND SIKORSKY
PROTOTYPES COMPARED WITH THE BELL UH-lH

Number of ACM Per MMHD Per MMHD
Maintenance Maintenance Maintenance Per

Contractor Actions Actions (Hrs) Action Flight Hour

Boeing 253 0.47 0.74 1.16*

Sikorsky 192 0.72 1.16 1.32*

Bell UH-lH 624 0.58 0.85 0.87

*Includes the par value of 0.22 MMHD/FH for FGE not yet installed.

NOTE: See page 11 for explanation of abbreviations used in table.

The direct maintenance man-hours per flight hour for
the Bell UH-lH is significantly less than that observed for both UTTAS
contractors. The difference between Boeing and Sikorsky was not
significant. Also, the Boeing and Sikorsky direct maintenance man-hours
per flight hour luring the last 200 hours of OT II is significantly
better than that observed during DT II. These reductions in each
contractor's maintenance burden aro consistent with the system reliability
improvement demonstrated by each contractor during OT II.

Table 47 presents the Boeing, Sikorsky and Bell UH-lH
subsystems which required the greatest quantity of unscheduled mainte-
nance.
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TABLE 47

BOEING AND SIKORSKY SUBSYSTEMS REQUIRING THE GREATEST QUANTITY
OF UNSCHEDULED MAINTENANCE COMPARED WITH THE UH-lH

BOEING SIKORSKY UH-iH
MMHD MM1HD MMHD

Number of Per Number of Per Number of Per
Maintenance Flight Maintenance Flight Maintenance Flight

Subsystem Actions Hour Actions Hour Actions Hour
Airframe 29 0.10 38 0.25 117 0.14
Power Plant &
Pneumatic Sys 13 0.01 14 0.07 71 0.08
Drive System 117 0.26 51 0.35 165 0.30
Hydraulic 28 0.21 7 0.01 15 0.01
Instrumentation 9 0.06 1 0.00 23 0.01
Electrical 12 0.10 16 0.04 51 0.06

Flight Controls 4 0.03 14 0.28 60 0.12
Auxiliary Power
Unit (APU) 8 0.05 0 0.00--
Avionics 12 0.02 13 0.06 .36 0.03

NOTE: See page 11 for explanation of abbreviations used in table.

The direct maintenance man-hours per flight hour for
each of the Boeing airframe, power plant, drive and avionics subsystem~s
during the last 200 hours of OT II is significantly less than those
observed for the corresponding subsystems during DT IT. The man-hours
per flight hour for the hydraulic subsystem during the last 200 hours of
OT II was significantly greater for Boeing and significantly smaller for
Sikorsky than those observed during DT II. The direct man-hours per
flight hour on the Sikorsky airframe and drive systems each was signif-

tefrequencies of unscheduled maintenance for the Boeing airframe, power
plnt rive, electrical, APU and avionics subsystems during the last 200

horsofOT 11each was significantly smaller than the unscheduled maintte-.

thne frequencies for these same subsystems during UT II. For Sikorsky,
thefreueniesof unscheduled maintenance for each of the power plant,

hydraulic, instrumentation, electrical, flight controls and avionics
subsystems during the last 200 hours of OT IT was significantly smaller
than those observed for the corresponding subsystems during DT Il. *
Furlther details of unscheduled maintenance are listed in the Appendices.

65 '



All unschedu',d maintenance for which both contractors'
prototypes were not mission avai'nble during the last 200 hour of OT II
are compared with the U?4-lH in Tabl1. 48.

TABLE 48

UNSCHEDULED MAINTENANCE DURING THE LAST 200 HOURS OF OT II FOR
WHICH THE AIRCRAFT WERE NOT MISSION AVAILABLE COMPARED WITH THE UH-lH

Number of Downtime Per MMHD Per Downtime Per
Contractor Actions Actions (Hrs) Action Flight Hour (Hrs)

Boeing 55 1.48 2.49 0.41

Sikorsky 77 1.04 1.73 0.40

Bell UH-lH 432 0.69 1.04 0.49

NOTE: See page 11 for explanation of abbreviations used in table.

There is no significant difference in downtime per
flight hour due to unscheduled maintenance between the three aircraft
contractors. The drive system contributed the greatest portion of down-
time for all three contractors. Hours of downtime per flight hour for
unscheduled maintenance on the drive system were 0.13, 0.16 and 0.16 for
Boeing, Sikorsky and Bell, respectively. Further details are presented
in the Appendices.

Table 49 presents the fault corrective maintenance
burden required to corract independent and dependent faiiures during the
last 200 hours cf OT II.

TABLE 49

MAINTENANCE REQUIRED TO CORRECT ALL DEPENDENT AND INDEPENDENT
FAILURES DURING THE LAST 2O0 HOURS OF Or II

Number of ACM Per MMHD Per MMHD Pir
Contractor Events Event (Hrs)., Event Flight Hour

Boeing 61 1.49 2.35 0,90*

Sikorsky 93 1.23 1.9) 1.10*

*Includes the par value of 0.18 MMHD/FH for GFE.
NOTE: See page .I for explanation of abbreviations used in table.
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The direct maintenance man-hours per flight hour in
Table 49 ircludes fault location time. The AMSAA position is that fault
location time is a major portion of fault corrective maintenance and
should be included. Even with fault location time included in the fault
corrective maintenance man-hour per flight hour ratio, both contractors
easily met the MN and DCP maturity requirement of 2.8 maintenance
man-hours per flight hour and the MAY of 8.0 maintenance man-hours per

*flight hour.

A slightly increasing trend in unscheduled maintenance
man-hours per flight hour for both contractors was noted during OT 11.
Regression analysis showing these trends are presented in Figures 3 and
4 of Appendix 25.

2.2.5 Total Maintenance.

2.2.5.1 lIT II Results. Table 50 presents combined scheduled
and unscheduled maintenance exluding modification work orders and
mission configuration change) for the Boeing and Sikorsky prototypes
during DT II.

TABLE 50

TOTAL SCHEDULED AND UNSCHEDULED MAINTENANCE FOR THE
BOEING AND SIKORSKY PROTOTYPES

Number of ACM MMHD M?4HDA
CotatrMaintenance Per Per Per
CotatrActions Action Action Flight Hour

Boeing 958 0.59 0.91 2.81
Sikorsky 896 0.54 0.80 2.34

NOTE: See page 11 for explanation of abbreviations used in table.

The Sikorsky maintenance man-hours per flight hour was
significantly less than that of Boei'ng.

2.2.5.2 OT II Results. Table 51 compares the combined scheduled
and unscheduled maintenance exluding modification work orders and mission
configuration changes) for the Boeing and Sikorsky prototypes during the

last 200 hours of OT II with that of the Bell UH-lh.
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TABLE 51

TOTAL SCHEDULED AND UNSCHEDULED MAINTENANCE FOR THE
BOEING AND SIKORSKY PROTOTYPES COMPARED WITH THE BELL UH-lH4

Number of ACM MMHD MMHD
Maintenance Per Per Per

Contractor -Actions Action Action Flight Hour

Boeing 417 0.47 0.80 1.91*
Sikorsky 394 0.58 0.89 2.04*

Bell 1605 0.54 0.80 2.10

*Includes the par value of 0.37 MMHD/FH for total maintenance of GFE
not yet installed and adjustment for periodic inspections.

NOTE: See page 11 for explanation of abbreviations used in table.

The total maintenance man-hours per flight hour of
Boeing was significantly less than that of Bell but was not significantly
different from that of Sikorsky. The Sikorsky maintenance man-hours per
flight hour was not significantly different from that of Bell.

Both Boeing and Sikorsky met the DCP maturity goal of
3.8 maintenance man-hours per flight hour and the interim goal of 4.8
maintenance man-hours per flight hour.

2.3 Availability.

2.3.1 General. Availability is a result of the reliability
and maintainability characteristics of a system. Inherent availability
includes only those items of the system design which are normally design
controllable. Achieved availability takes into account all downtime for
which the contractor can be held responsible. This includes only active
maintenance time during which the aircraft is not mission available due
to preventive maintenance or unscheduled maintepance. Operational avail-
ability takes into account administrative delays, personnel delays, and
supply delays. These times depend upon the deployment and logistic
support in the field environment and thus are not demonstrated during
testing. All availability calculations below are based upon a 730 hour
calendar month with an aircraft utilization rate of 69 flight hours per
month.
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2.3.2 Inherent Availability. Inherent availability, A1, is

a measure only of the intrinsic design variable controllable by the
system designer. The only downtime considered in its calculation is
that chargeable active unscheduled maintenance time during which the
aircraft is not missiun available. This downtime includes corrective
maintenance time required to restore the aircraft to operational status
after the occurrence of a mission abort type failure. In addition, it
includes the time to repair other system failures if the maintenance
performed causes the aircraft to be placed in a condition which removesI the aircraft from flight ready status. Other minor unscheduled mainte-
nance actions such as adjustments and servicing actions are not counted.
Downtime due to cannibalization, mission profile changes and modification
work orders is excluded.

Analysis of test data from approximately the last 200
hours of OT 11 and the UH-lH RXM4LOG data base yields the results in
Table 52 below. The values presented here include 0.06 hours of down-
time per flight hour for GFE not yet installed.

TABLE S2

INHERENT AVAILABILITY

Flight Downtime Inherent
Contractor Hours Per FH (Mrs) Availability
Sikorsky 202.5 .46 .957

Boeing 199.9 .46 .957
Bell 611.5 .41 .962

The System Specification requires that the inherent
availability be at least 0.97. This corresponds to a chargeable down-
time ratio of 0.32 hours per flight hour. The Boeing Prime Item Develop-
ment Specification (PIDS) specifies the same value; however, the Sikorsky
PIDS contain a requirement for an inherent availability of 0.985. Reach-
ing that goal requires a reduction of the chargeable downtime ratio of
0.16 hours per flight hour. The data indicate that this is an overly
optimistic goal.

The tables above indicate that the two UTTAS candidates
are currently very close in regard to inherent availability. A reduction
of abour thirty percent in downtime due to unscheduled maintenance is
needed to meet the specified value of 0.97. Attainment of this goal
should be possible because of planned fixes of observed failure modes
and the reduction in maintenance task times which will come with

experi ence.

69



2.3.3 Achieved Avail1bility. Achieved availability is a meeasni-e
of the availabll7ty of I system in an ideal support environment. In
addition to kinscheduled maintenance downtime, it accounts for any prevent-
lye maintenance actions which would make the aircraft not ready to perform
a mission. As in the calcuiation of inherent availability, downtime due
to cannibalization, mission profile changes, and modification work orders
is excluded.

The achieved ivailability of the Sikorsky and Boeing UTTAS
candidates and that of the Bell UH-lH is presented in the following table.

TABLE 53

ACHIEVED AVAILABILITY

Flight Downtime Achieved
Contractor Hours Per FH (Hrs) Availability

Sikorsky 202.5 .56 .947

Boeing 199.9 .48 .955

Bell 611.5 ,71 .933

Analysis of these tables Indicates that the UH-lH requires
a larger amount of preventive maintenance which precludes the aircraft
from flight than either of the UTTAS candidates. The UTTAS should provide
a 20 to 35 percent reduction in downtime due to maintenance.

yThe System Specification requires that achieved avail-
ability be at least 0.92. In conjunction with the inherent availability
iequirenent, this requires the downtime for scheduled maintenance to be
less than 0.F' hours per flight hour. The differences in downtime per
flight hour between Tables 52 and 53 Indicate that the Boeing maintenance
policy results in 0.02 hours of scheduled downtime per flight hour while
the Sikorsky policy results in a scheduled downtime of 0.10 hours per
flight hour.

.4Operational Availability. Operational availability is
estimated by addirng d-owntimes for admin!strative delays, personnel delays,
and supply delays to the downtime used in computation of achieved avail-
ability. The Memorandum of Agreemjent on MAV (Appendix 4) specifies that
the Not Operationally Ready Suppiy (NORS) rate used in demonstration of
operational availability is to be 8 percent. Information received from
field units indicates that delays due to queuing and/or upon availability
of personnel should cause at most a 50 percent increase in maintenance
downtime. This figure Is used to estimate the Not Operationally Ready
MAirntenance (NORM) rate. Taking this factor and the specified NORS rate
results in the operatlonal availability estimates shown in Table 54.
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TABLE 54

OPERATIONAL AVAILAUILITY

NORM NORS Downtime Operational
Cuntractor % % Phf' F4 (Hrs) Akailabtlity
Sikorsky 8.0 8.0 1.69 0.840

Boeing 6.9 8.0 1.57 0.851

Bell 10.1 8.0 1.91 0,819

Although the AN (Reference 1) states that operational
availability peý'tains only tu the probability that a single aircraft is
in an operabte and committable state when a mission is calil for at a
random point In time, this term 's often used int;ercnangeably with
operational rcadiness. Operational readiness is calculated from aitcraft
status data reported on DA Form 2408-3 and DA Form 1352. Monthly field
reports provide rates fcr Not Operationally Ready Maintenance (NORM) and
Not Operationally Ready Supply tNORS). The UH-lH Assessment End Compara-
tive Fleet Evalowttior (Reference 4) contains data of the utillzttion of
the fleet of 3208 UH-lH aircraft in CY 74. Operationally readiness figures
are based on the operationally assigned aircraft which comprise 81.4 per-
cent of the fleet. The UH-lH is reported to spend the following fraction
of time in each of the three categories. (1) ODoratiorally Ready (OR),
75.5 percent; (2) Not Operationally Rrady Supply (NORS) 7.2 percent; and
(3) Not Operationally Ready Maintenance (NORM) 17.3 percent. When
compared to the anount of maintenance downtime observed during the RAMLOG
sampling of the UH-IH, the 17.3 percent AORM rate appears to be excessively
large. The differenrce of 7.2 percentage points cannot be explained at this
time.

There is no interim test value for operational avail-
ability. Due to the uncertainty of delay time which reduce operational
availability, chis parameter should not be used as a rigid test criterion.
Inherent availability and achieved availability, as defined in the
approved revision of AR 702-3 (Reference 5) should be used for test
purposes. The MN requirement of 0.82 for operational availability should
be met if there are no large amounts of unexplained downtime as have been
reported for the UH-lIH Fleet Assessment.

2.4 Durability.

2,4.1 General. Durability, which is a soecial case of reli-
ability, "s- the prob lity that a system or major component will survive
to its projected service life, overaau' point, or rebuild point without
a durability failure. A durability failurL is ronsidersd to be a malfunc-
tion that precludes further operation of the item and is great enough in
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Lost, safety, or time to restore, that the item must be replaced or rtbulIt.
AR 702-3 (Reference 5) points jut that durability requirements relateprimarily to logistic burden and life cy:le cost.

2.4.2 Mean Time Between Removals (MTBR) of Dynamic Components.
The MN (ED) ence 1)deftns dynamic components a3 those rotating
and non-rotatilng items in the drive train ald rotor(s) control with
associated bearings, seals, and vibration absorbers. That document
requir•es that the MTBR be not less than 1500 flight hours for scheduled
Cor unscheduled mainxenance. The UTTAS is dosigned for an on-condition
maintenance policy, that is, there are no scheduled removals for over-
haul of components. Pemo-ials c3used by bearing failures, seal leakage,
special inspection, lubrlcation replenLhment, and replacement of parts
are accountable for purposes of this r.quiomeant. Hostile and crew
induced maintenance actions are not accountable. The systems specification
further excludes removals for wadifications, cannibalization, or to
facilitate other on-aircr&ft maintenance.

2.4.3 Removals During lT/OT II. The DT/OT II calculations of
MTHR conslderee as a basis all maintenance actions requiring removal and
replac'.nent of any part with a iik: part. Each removal was classified as
either an inherent one, i.e., inherent to the aircraft design or an
induced one. InduceO remcvals are those resulting from maintenance error,
foreign object damage, operatiun of aircraft beyond specified limits and
those removals for supply/convenience and time between overhaul. Replace-
mnints due to crash/accident damage ire not included. Within each of these
categories, removals were classified as either a major or minor item and
dynamic comprnents. which comprise the majority of the major items, were
identified. Tables 55 and 56 list the MTSR's of major items and dynamic
components for each UTTAS candidate based on DT/OT II test results. Table
57 lists removals observed on the UH-1H during the RAMLOG sampling. Table
58 represents the inherent MTBR's of majcr items and dynamic components
fouiid in the UTTAS.UH-lH Operating and Support Cost R And M Factors Study
(Reference 6). Inrp.ovei estimates of MTBR's from the Boeing/Sikorsky
DT/OT II test results can be obtained only through continued testing. The
lower bounds can then be eXpected to increase. DT/OT II test results show
that inherent replacements of dynamic components accounted for approximately
90 perceait of all major items removed on the Boeing aircraft and approxi-
mately 50 percent for Sikorsky. For the Boeing aircraft 278.3 maintenance
man-hours were expended for inherent dynamic component removals out of a
total of 571.1 maintenance man-hours for all inherent removals. The
Siknrsky airc-eft required 140.9 maintenance man-hours for inherent dynamic
component removals out o7 a total of 368.2 maintenance man-hours for all
inherent removals. It should be noted that for Sikorsky aircraft approx-
imately 46 percent of the inherent dynamic component removals were minor
items, whereas minor items accountcd for only 14 percent of Boeing Vertol's
total inherent dynamic component ,'emovals. Tables 1, 2 and 3 of Appendix
29 list by subsystem all remnvals on the YUH-60A, YUH-61A, and the UH-lH
during DT/OT 1I and for the UH-lH RAMLOG sample period.
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2.4.4 Removals During Contractor Tes14 ting (PqT-C). Tables 59

and 60 present the numiber of inherent removals of maJor/dynamic components
during the Boeing Vertol 758 hour contractor test and a portion of Sikorsky's
555 hour contractor test. Sikorsky's data remain incomplete since test
data after August 1975 are not available. The failure modes responsible
for s.me of the ,'-1novals *:bserved during PQT-C have been e0 mitiated or
reduced in frequency. In particular for the Boeing YUH-60A removal rates
decreased for the main rotor hub, pneumatic starter, and tail rotor -yive-
shaft. Sikorsky made improvements on the main rotor blade, tail rotor
'lade, and intermediate gearbox.

2.4.5 Airframe Overhaul. The system specification prescribe;
that the air-frame shall be design{i so as not to requirc major overhaul
in ess than 4500 flight hours. Flight tezsting during the contractor
phase and OT/OT II was not adequate to provide a good estimate of the
likelihood of weeting thi• goal. The Bc-tirg PIDS states that the YUH-61A
will have a MTBO of 4500 hours; however, the Sikorsky PIDS assert's that
the MUH4-6O, will he designed so as not to reiuire an airframe overhaul
in less than 8U00 ,-1;ht hours.

Information available for ise in DCP No. 13 showed that

the UH-lH reiuired an overhaul at intervals averaging 3300 flig'ht hours.
An AVSCOM special ct.'dy, _cic Data Analysis - UH-iH, conducted in 1972,
showed that during the Vietnsn conflict, UH-IH helicopters were returned
for overlitul after about 2200 flight hours. The UTTAS design requirement,
,d•ercfere. represents a 30 percent to over 100 percett increase 'in t1me
between ovarhal s.
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TABLE 59,

BOEING CONTRACTOR TEST RESULTS DURING 758 FLIGHT HOURS

Dynamic Number of
Major Items Component (x) Inherent Removals

Main Rotor Hub X 4
Main Rotor Blade X 1
Tail Rotor Flex Straps X 2
Tail Rotor Blade X 2
Tail Rotor Driveshaft X 3
Engine Driveshaft X 1
Transmission QuillIshaft X 1
Main Transmission X 1
Engine Transmission X 1
Flight Control Actuator X 2
Pneumatic Starter 22
Hydromechanical Unit 10
Electrical Control Unit 3
Engine X 18
Main Rotor Transmission X 1

Total Major Removals 72

Dynamic Component Removals Total Dynamic

Major Components Minor Components Component Removals

37 123 160
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TABLE 60

SIKORSKY CONTRACTOR TEST REMOVALS DURING 330 FLIGHT HOURS

Dynamic Number of
Major Items Components Inherent Removals

Main Rotor Blade X 18
Tail Rotor Blade X 6
Tail Rotor Hub X 1
Intermediate Gearbox X 1
Tail Rotor Gearbox X 4
Engine Starter 5
Hydromechanical Unit 7
Electrical Control Unit 2
B1 ower 1
Engine X 2

Total Major Removals 47

Dynamic Component Removals Total Dynamic

Major Components Minor Components Component Removals

37 40 77

i
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3. CONCLUSIONS

3.1 General.

At the present stage of development, the Boeing UTTAS has met
all DCP interim RAM thresholds and all minimum acceptable values. The
Sikorsky UTTAS has met all minimum acceptable values and all but one of
the DCP interim RAM thresholds. In addition, several MN and DCP maturity
goals were demonstrated during the last 200 hours of OT II. In comparison
with the UH-lH, the UTTAS candidates achieved a significantly higher
system reliability and operational availability. The scheduled and total
maintenance man-hour per flight hour ratios for the UTTAS candidates were
also lower than those of the UH-1H. The RAM performance of the UTTAS
candidates in comparison with MN and DCP requirements and the UH-lH are
summarized in the following paragraphs for each RAM parameter which has
been addressed in this evaluation. All summaries Include the use of par
values of GFE not yet installed on the aircraft.

3.2 System MTDF.

The system MTBF observed during DT II was 2.23 hours for Boeing
and 2.32 hours for Sikorsky. During the last 200 hours of OT II Boeing
demonstrated an MTBF of 3.10 hours while Sikorsky demonstrated an MTBF
of 2.54 hcurs. The latter results are significantly better than those
of DT II.

The OT II MTBF's are also significantly better than the 2.19
hour MTBF demonstrated by the UH-lH during tests at Fort Campbell in
1975. While the Boeing MTBF during the last 200 hours of OT II surpassed
the DCP interim MTBF goal of 2.6 hours, Sikorsky was slightly below it.

Reliability growth analysis of all flight testing to date
indicates that both UTTAS contractors should be in the vicinity of the
4.0 hour MTBF maturity goal by OT/OT III provided the current growth
rate Is maintained. In order to maintain the current growth rate during
the maturity phase, the contractor's management must continue to allocate
the resources necessary for an aggressive reliability improvement plan.

3.3 Mean Time Between Mission Aborts.

The mean time between mission abort events during DT II was
20.6 hours for Boeing and 16.0 hours for Sikorsky. During the last 200
hours of OT II it was 28.6 hours for both UTTAS contrartors, a significant
increase over that observed during DT II. The latter estimate is also
significantly greater than the TRADOC interim goal of 9.5 hours. Achieve-
ments to date of both UTTAS candidates in the area of mean time between
mission aborts are significantly below the 67.9 hours obtained for the
UH-lH.
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3.4 Scheduled Maintenance.

The scheduled maintenance man-hour per flight hour ratio during
OT II was 0.94 for Boeing and 1.27 for Sikorsky. During the last 200
hours of OT IIilt was 0.75 for Boeing and 0.72 for Sikorsky, a signif-
ialso improvement over the DT Il results. These latter estimates are

alosignificantly less than the 1.24 scheduled maintenance man-hour per
flight hour ratio of the UH-lit. The MN and DCP specify a maturity goal
of 1.0 scheduled maintenance man-hours per flight hour. Both UTTAS
contractors met this goal during the last 200 hours of OT 11.

3.5 Unscheduled Maintenance.

The unscheduled maintenance man-hour per flight hour ratio
dturing UT It was 2.24 for Boeing and 1.44 for Sikorsky. During the last200 hours of OT II the unscheduled maintenance man-hour per flight
hour ratio was 1.16 for Boeing and 1.32 for Sikorsky. These estimates
are all significantly greater than the 0.87 unscheduled maintenance
man-hour per flight hour ratio of the UH-lH. While Boeing exhibited a
significant improvement in the unscheduled maintenance man-hour per
flight hour ratio during OTtI!, Sikorsky did not.

The fault corrective maintenance man-hour per flight hour ratio
was 0.90 for Boeing and 1.10 for Sikorsky during the last 200 hours of
OT II. These estimates are significantly less than the MN and DCP maturity
goal of 2.8 fault corrective man-hours per flight hour. The actual clock
maintenance per event (mean time to repair) for all independent and
dependent failures during the last 200 hours of OT II was 1.49 hours for
Boeing and 1.23 hours for Sikorsky.

3.6 Total Maintenance.

The total maintenance man-hour per flight hour ratio during DT
II was 3.18 for Boeing and 2.71 for Sikorsky. During the last 200 hours
of OT II it was 1 .91 for Boeing and 2.04 for Sikorsky, a significant
improvement compared with the DT 11 results. In comparison with the 2.iO
total maintenance man-hours per flight hour ratio of the UN-lit, the 1.91
ratio of Boeing during the last 200 hours of OT II was significantly
smaller. The difference between Boeing and Sikorsky in this portion of
the test was not significant and the Sikorsky results were not signif-
icdntiy different from those of the UH-lH. Both contractors met the DCP
maturity goal of 3.8 maintenance man-hours per flight hour for total
maintenance.

3.7 Availability.

During the last 200 hours of OT 11 both IJTTAS candidates experi-
enced an inherent availability of 0.957, slightly lower than the 0.962
inherent availability of the UH-lH. The systems specification requires
that the inherent availability be at least 0.97 at maturity. With reli-
ability improvements both contractors should be able to meet the maturity
Yoal.



The achieved availability during the last 200 hours of OT II
was 0.955 for Boeing and 0.947 for Sikorsky, both being slightly higher
than the 0.933 achieved availability of the UH-IH. Both UTTAS contractors
have exceeded the system specification maturity goal of 0.92 for achieved
aw!!11 bi Ii ty.

The operational availability during the last 200 hours of OT II
was 0.851 for Boeing and 0.840 for Sikorsky, both being slightly higher
than the C.819 operational availability of the UH-lH. These estimates
assume an 8 percent NURS rate and an administrative delay rate between
2 and I percent. Both UTTAS contractors have exceeded the MN maturity
-ioal of 0.82 for the operational availability.

3.8 Durability,

There were insufficient flight test hours during DT/OT Ii to
adequately assess the mean-time-between-removal o, UTTAS major dynamic
components. Verification of the MN requirement of 1500 hours MTBR will
be possible bi ,;cntinued tracking of limited production aircraft.
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RAM Methodology

A. Reliability

In general terms reliability is defined as the probability that a

system will perform a required function under specified conditions, with-

out failure, for a specified period of time. For reliability of a hardware

system to be measured, the essential elements of the general reliability

definition must be defined. These elements are:

1. the required function

2. specified conditions or operational environment,

3. failure, and

4. specified period of operation.

The exponential distribution (i.e., constant failure rate) is often

assumed as the failure time model. In the case of complex equipment,

this assumption is generally valid. Once sample data is available,

goodness of fit tests are available for testing the validity of the

assumption.

The exponential reliability function has been defined as

Rt e-At -t/uJ

where t =operating time, A =failure rate and P 1 mean time between

failure.

Then the parameter to be estimated from sample life test data is

either A or Pi. A point estimate of the exponential parameter leads to

[a point estimate of the reliability function (for a given t). Also,

confidence intervals can be determined for either.

For any system undergoing design and development, failure rate

generally decreases as a function of system test time. This occursii because failure modes are discovered during testing and redesign of
componcnts associated with the identified modes leads to more reliable

components and a corresponding decrease in failure rate.
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Reliability Growth Methodology which estimates failure rate during

development, as a function of test time, has been developed by AMSAA

(Reference 3). The model makes no assumption of increasing, decreasing

or constant failure rate. Failure rate, u~t), where u~t) is the instan-

taneous rate of failure occurrence after t hours of testing is estimated

from the following equation.

u~t)

where X, the scaling parameter, and 8, the growth parameter are maximum

likelihood estimates obtained from test data. When 8<1, u~t) decreases

with test time. When 8>1, u~t) increases with test time. When 8=1,

u~t) = X~ and failure rate is constant. The latter case represents the

homogeneous Poisson process.

The above Reliability Growth Methodology has been applied to failure

rates observed at different points in time in the UTTAS program and

predictions of failure rates at maturity have thereby been derived.

In the case of failure rates observed during DT II and OT II it

was anticipated that there would be neither an increasing nor decreas-

ing trend in each of the two tests. This hypothesis was tested and

accepted. Consequently, the homogeneous Poisson process was applied to

reliability parameters observed during DT II and OT II.

When the homogeneous Poisson process is applicable to a period of

test time, T, and N failures are observed, the maximum likelihood unbiased

estimate of the true failure rate. X is obtained by the following equation.

A N

T
The upper bound of failure rate,. X u is obtained with 90 percent

confidence by finding X such that:
wu

x ~T
E X Tix u= 0.90

X'-N+l X

These techniques were applied to DT II and OT II results to obtain

failure rate estimates and confidence bounds.
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Whien the 90 percent upper bound of failure rate, X~1 is calculated,

the corresponding 90 percent lower bound of mean time between failure,

is obtained from the following equation.

u

The 90 percent lower bound of reliability, R1, for a specified period

of operation, t, is obtained from:

_x t
R e u

B. Maintainability

Maintainability is not so succinctly defined as reliability. We tend

to associate maintainability characteristics of a system with ease of

maintenance, type of maintenance and frequency of maintenance required to

keep the system operable. Ease of maintenance is associated with integral

work platforms, quick disconnects and modular replacement. Type of mainten-I
ance is associated with particular maintenance categories, such as scheduled

and unscheduled for various maintenance functions, subsystems, components,
skill levels, etc. Frequency of maintenance is associated with the number

of maintenance actions per operating hour, mile, round, etc. Ease, type

and frequency of maintenance are all interrelated. Advances in mainten-

ance concepts and materiel make the job easier, reduce the requirements

for a particular type of maintenance and lessen the maintenance frequency.

Ease of maintenance is not directly measurable. Maintenance concepts and

materiel which lessen the workload can be evaluated qualitatively. Any

quantitative affects are reflected only in the frequencies and associated

times of different types of maintenance. It is difficult to isolate the

affects of the concept from the remaining portion of the maintenance

burden in the particular maintenance category. Consequently, the aspects

of maintainability which are normally evaluated are those which are
directly measurable, such as maintenance man hours per flight hour,

operating hour, mile, round, etc. In the UTTAS program the measurable

maintainability indices addressed are those such as maintenance
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man hours per flight hour, active clock time per flight hour, down time

per flight hour, maintenance man hours per event, number of maintenance

events per flight hour, etc. All of these indices are interrelated and

can be placed into two basic categories. The discussion which follows ,

addresses the two basic categories and presents methondology for obtain-

ing estimates and confidence bounds on the maintenance indices within

each category. This methodology was used in the analysis of the various

UTTAS maintainability indices.

The two categories of measurable maintainability indices are:

1. Maintenance time per flight hour,

2. Frequency per flight hour

where maintenance time is measured as maintenance man hours direct,

maintenance man hours indirect, maintenance man hours direct and indirect

combined or active clock time, and frequency is measured as the number

of maintenance actions over a specified period.

Maintenance time per flight hour for a particular maintenance index

is estimated by

N
t

M = Ii

where N = the number of maintenance actions observed, t. the maintan.-
ance time associated with the ith maintenance action, and T -the number

of flight hours for the particular maintenance index of interest.

Frequency of maintenance per flight hour, estimated by

F
T

where N and T are as defined above.

Assume that M1 and M2 are two estimates (for different contractors,

time periods, categories, etc.) of a maintainability index c:F interest.
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Ht.

M1 End

TN2t

2

12 IT2

Assume also that a good estimate of the variability of the TiIs has

been obtained from other data. We then have,
2

Var (ti) = o

Now let us assume we wish to test for significant differences

between M1 and M12. We have,

N 2

Var (M = 1
T-

and
N2

Var (M2) -=
T2

Assuming Ml and M2 are estimates from populations with identical maintain-

ability indices, M, and Nl and N2 are sufficiently large, then M1 -M2 will

be approximately normally distributed with mean zero and variance

2 o [N1T2 + N2T1]

and the quantity
[HI- M2TITT
I1 N1 2 1 T1T2

a NT2 2N o/NT1 + N2T2I1 11 2 2
will then be approximately distributed as the unit normal distribution

with mean zero and variance one. The hypothesis that M1 = M2 is then

tested by using tables of the Unit Normal Distribution.
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Suppose N and N2 maintenance actions for two contractors, categories,
subsystems, etc., are observed during time periods T. Then the differences

in frequencies F1 and F2 where

N1FI -

T

and N2

F2 T

may be tested. If N1 and N2 are sufficiently large, and it is assumed

that F1 and F2 are estimates from populations with identical frequencies,

F, then F1-F 2 will be approximately normally distributed with mean zero

N1 + N2
and variance T2

Therefore, (FI'F 2 )T will be
N I 2

a t statistic with N1 + N2 degrees of freedom and the hypothesis of equal

frequencies may be tested using tables of the t-distribution.

Suppose estimates M1  ... ,MN of a particular maintainability

index M are observed over N contiguous time periods TV, T2 , ... , TN.

It may be found that the M 's are not constant over time but exhibit
1

a trend. The trend may be moueled by

M. + 0~TM'Mi~a +TM.
1

where Mi is the true value of the maintainability index M at time TM

where is the mid-point of the time interval T.V From thehe eT is th i - oi t o"h

observed Mi Is a and S, estimates of the true a and 0, may be found such

that

N A 2
im + OTM -Mi
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is minimized. This method is known as the method of least squares and is

used for fitting a linear trend to data points. The least squares method

has been used to detect trends in maintainability indices during DT II

and OT II. Caution must be exercised when attempting to extrapolate a

trend beyond observe(- 'sults. Data are subject to random errors and

the true underlying trend in a particular maintainability index may not

he linear.

C. Availability

Availability is a measure of the degree to which an item is in an

operable and committable state at the start of a mission, when the

mission is called for at an unknown (random) point in time. There are

three availability measures mentioned in the LITTAS requirements docu-

ments. The MN (ED) refers only to operational availability. The Systems

Specification includes requirements for inherent availability and achieved

availability. In general, these measures may be expressed by the formula:

Total Time-Down Time
A = Total Time

in which A is any of the three availability measures. This definition

is in accordance with the Systems Specification which defines up time

as the time during which the aircraft is either flying or is in an

operationally ready status but is not being used. The total time is

specified as 730 hours, a nominal calendar month, and down time

calculations are based upon a usage rate of 69 flight hours per

month. For calculations of inherent availability, down time includes

only time for which the aircraft is not mission available due to the

performance of unscheduled maintenance. To calculate achieved availability

time for which the aircraft is not mission available due to preventive

maintenance is also included in down time. Operational availability

incorporates logistic time, waiting time, and administrative time into

the down time figure.

Only inherent availability and achieved availability can be directly

assessed on the basis of test data. This is done by categorizing the
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chargeable clock time during which the aircraft is not mission available.

A down time per flight hour ratio may be determined for chargeable

unscheduled maintenance and also for chargeable preventive maintenance.

Thus, the formula

Unscheduled Maintenance Time
A1-730-69 x Total Flight Time

A 730

estimates the inherent availability. Similarly, achieved availability

can be estimated by the equation

Unscheduled Maintenance Time ,.Preventive Maintenance Time
A=730-69 x Total Flight Time

a 730

Operational availability can be estimated only by the application

of an estimate for down time due to logistics, waiting, or administrative

delay. This estimate should be based on operational experience with

similar systems.

D. Durability

Durability is a measure of the likelihood that a system or major

component will survive to its project.3d service life, overhaul point

or rebuild point without a failure which precludes further operation of

the item and replacement of the item with a like item. Durability

requirements can not be verified at high levels of confidence when the

requirement is several times the period of observation. With the small

number of durability failures expected during the UTTAS test the applic-

ability of any distribution times to failure other than the exponential

is difficult to establish. For this reason the assumption of a constant

failure rate will be made. This permits point estimation of the mean

time between removals for a particular component by the equation

NrrBR = Tx

where T is the test flight hours, K is the number of the particular item

on each aircraft, and N is the number of failures observed in the test.

If there are no failures, no point estimate is to be made. A 90 percent
lower bound for the MTBR of each component is computed using the relation
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MTBR 2TK
.90 X2

. 9 0 , 2 (N+l)

where X 2 is the 90th percentile of the Chi-squared distribution

with 2(N+l) degrees of freedom.

J9
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APPENDIX 2

UTTAS FAILURE DEFINITION AND SCORING CRITERIA
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MEMORANDUM OF AGREEMENT

BETWEEN

US ARMY DEVELOPMENT AND READINESS COMMAND

AND

US ARMY TRAINING AND DOCTRINE COMMAND

1. Purpose. This agreement sets forth the Failure Definition and Scoring

Criteria (FD/SC) for reliability, availability and maintainability para-

meters for the UTTAS.

2. Agreements.

a. The jointly agreed-to FD/SC is stated in Attachment A.

b. This FD/SC applies to the RAM parameters of the approved UTTAS

Materiel Need as either a best operational capability value, a specified

value or a minimum acceptable value.

c. The data to be used in measuring the parameters shall be gathered

using the "RAMLOG" data system (described in paragraph 3 of Attachment A).

d. The decision on chargeability of events shall be made by the UTTAS

Screening and Scoring Committees in accordance with their approved charter.

e. The UTTAS Scoring Committee is hereby granted the authority to

expand or clarify the approved FD/SC in situations which are not clearly

addressed.

f. Specific procedures for assessment of equipment not installed in

the test aircraft (i.e., Attachment A, para 5), as part of the UrFAS

system, will be jointly established by DARCOM and TRADOC in coordination

with the development and operational tester.

g. UTrTAS Scoring Committee will score the interim Government furnished

equipment (i.e., Attachment A, para 4' as a separate action. The UTTAS

FD/SC will apply to this scoring except that provisions applicable to the

interim GFE will not apply.

JERRY B. LALUER W. H. VINSON, JR.
Major General, USA Major General, GS
Project Manager, Utility Deputy Chief of Staff for
Tactical Transport Aircraft Combat Developments
System (UTTAS)
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INTRODUCTION

This is the Failure Definition and Scoring Criteria for UTTAS to be used

during testing in accordance with AR 702-3. These provisions are a joint

agreement between DARCOM and TRADOC and are to be used for scoring failures

and classifying maintenance times in the assessment of Materiel Need (MN)

RAM requirements during both developmental and operational testing.

1. RAM requirements to be evaluated. RAM data will be collected over the

full range of DT and OT testing in order to establish the broadest possible

data base for the assessment of RAM characteristics. In both OT II and

OT III the primary conditions under which RAM data is collected will be

operational missions flown in accordance with prefiles established by

TRADOC.

2. Definitions:

a. Mission Reliability. Mission reliability is defined as the proba-

bility of completing a 1 hour mission to include a preflight inspection

and landing at a predetermined area without recognition or occurrence of

an equipment malfunction that is cause for a mission abort. Missions are

to be presumee to start when the aircraft flight crew starts their pre-

flight inspection and end upon engine shutdown after completion of the
last mission leg. Equipment malfunction(s)/failure(s) chargeable in

determining mission reliability shall be:

(1) Aircraft malfunction(s)/failure(s) that must be corrected before

takeoff which are discovered by the flight crew during preflight inspec-

tions to initiate the mission, and the cumulative corrective maintenance

to ready the aircraft for flight is greater than 30 minutes after discovery

of the malfunction(s)/failure(s).

(2) Aircraft equipment malfunction(s)/failure(s) occurring within the
period from takeoff and equipment shutdown upon completion of the last

mission leg which causes discontinuance of the mission or landing at other

than intended locations.
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b. Aircraft Mean Time Between,.Filure (MTBF). The aircraft MFBF shall

be defined in accordance with MIL-STD-721 considering independent failures

only. Time for this requirement is defined as flight hours measured from

time of aircraft liftoff until touchdown. An item shall be considered to

have failed any time corrective maintenance manhours must be expended an

the item regardless of when the failure occurs or is discovered, prior to

liftoff, during flight or after touchdown.

c. Fault Corrective Maintenance Manhour to Flight Hour Ratio. Fault

co?,'ective maintenance at aviation umit and intermediate support levels,

exclusive of avionics and weapons subs)Jtem, shall be a maintenance man-

hours per flight hour ratio. Fault corrective maintenance manhours are

defined per MIL-STD-721. (See Figure 1.)

d. Inspection and Servicing Maintenance Manhour to Flight Hour Ratio.

A maintenance manhour to flight hour ratio will be required for inspections

(daily, preflight, periodic and special) and servicing. Inspection and

servicing maintenance manhours per flight hour will be calculated using

the specified inspection and servicing tasks with the following exclusions:

(1) Any action required due to operation of the aircraft beyond

specified limits.

(2) Any tasks required for the purpose of retrofitting new design

equipment.

(3) Any task performed on ground support equipment.

(4) Any task performed on GFE interim equipment.

(5) Any task performed for the purpose of using a different test

site.

(6) Any task which is an interim measure which is not to be required

for the first limited production aircraft.

(7) Any tasl. verformed only as a simulation for the purpose of

statistically evaluating the manhours or elapsed time distribution for
that task.
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e. Oprtoa viaiiy The probabillity that a requested aircraft
is not down for maintenance or lack of spare parts. This is a criterion

applicable only to operational experience or to operational testing which

allows for Clelay time for lack of spare parts and other functions of the

Army's Logistic Support. Availability deals with only one aircraft and

the likelihood of its being in an operable and committable state when it

is being used and maintained under field conditions. Operational Avail-

ability will be calculated using the approved supply and administrative

downtime and the maintenance downtime experienced in the period except

that downtime which results from.

(1) Operation or maintenance performed by other than the authorized[test personnel.

(2) Downtime for the purpose of retrofitting new equipment.

(3) Downtime generated by GFE interim equipment.

(4) Any downtime generated only as a simulation for the purpose of

statistically evaluating the downtime distribution for the maintenance

task.

(5) Any downtime generated for the purpose of using a different

test site.

(6) Any downtime generated by an interim maintenance task which the

first limited production aircraft would not require.

3. Data Collection System. A data collection was developbd which will

permit the acquisitions of all necessary RAM data needed for the evalua-

tion of IJTTAS RAM requirements. This system is currently being coordinated

with the appropriate Government agencies and with the contractors. The

data collection system consists of seven data forms, each of which will

be initiated by specific operational events. The forms consist of the

following:

a. Flight Debrief and Servicing

b. Maintenance Fault/Action
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c. Component Parts Usage

d. Utilization/Diagnostics/Recorder

e. Narrative

f. Event Evaluation

g. Fail'nre Analysis Dispos!tion

The first form' wili be initiated with each flight debrief or servicing

action. It will carry all pertinent information relating to the flight

and servicing action. The second form will be initiated with the dis-

covery of each fault and the performance of each maintenance action, both

scheduled and unscheduled. It will carry pertinent information relating

to failed parts, type of failure, maintenance manhours, elapsed maintenance

time, ai;-frame hours and component hours. The third form will be initiated

whenever removal of parts from the aircraft is required. The removed and

replacement parts will be identified and the hours since new, last

installed and last overhaul (if applicable) will be reported on this form.

The fourth form is employed for the recording of diagnostic type informa-

tion as extracted from the aircraft diagnostic displays. The fifth form

is used for a detailed narrative description of the maintenance or flight

event. The sixth form is uaed by the UTTAS Screening and Scoring Committees

to record event chargeability and a complete justificotion of the committees'

decision. The seventh form identifies the necessary failure analysis and

gives proper identification for disposition of the failure exhibit.

4. Failure Definttion/Scoring Criteria.

a. Failure Definition Logic Diagrams for use in direct evaluation

of measures defined in paragraphs 2a, b, c, and d above. Given that

malfunction has occurred, the figure 2 series of questions must be con-

sidered in sequence to determine whether the malfwirction or the fault

corrective maintenance manhours is or is not chargeable. The series of

questions in figure 3 is applicable to the classification of the failure

as mission affecting or maintenance affecting. Classification according

to mission affecting implies maintenance affecting except for diagnostic

cues. The series of questions in figure 4 is applicable to the consideration
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of diagnostic cue, loose hardware, minor adjustment or unscheduled SOAP

sample events. The series of questions in figure 6 is aplicable to
flight safety classification. Classification according to flight safety

definition implies mission affecting and maintenance affecting. The

series of questions in figure S is applicable to maintenance manhour

classification. The series of questions in figura 7 is applicable to

missing hardware events or stop drilling of crack.-.

b. Scoring criteria jointly established by DARCON and TRADOC will

be used in assessment of those test results applicable to MN requirements.

(1) For DT II and OT II evaluation. Scoring Criteria are to be

established from the operational missions established by TRADOC and actually
performed during at least 200 hours of OT II testing. The scoring criteria
factor is to be the ratio of flight hours actually used to perform the

missions identified below to the flight hours equipment may be powered
during the flight hours required for the DCP goal evaluation. The

following equipment and its mission usage will have the factors developed

(all other installed mission required equipment has a scoring criteria

factor of 1.0).

ITEM MISSION USAGE

VHF-FM AN/ARC-114 Missions when 2 VHF-FM radios are required

External Cargo Hood Sling-Load missions only

Troop Seats Troop cerrying missions only

The installed equipment which is required for each mission will be identi- *,

fied from an analysis of the detailed mission scenarios.

(2) DT III or OT III. Scoring Criteria are to be established from

the operational missions established by TRADOC and actually performed

during that portion of OT III identified for the DCP cover sheet no. 1

requirement evaluations. The following equipment and its mission usage
will have the factors developed (all other installed mission required

equipment has a scoring criteria factor of 1.0).
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Absolute Altimeter AN/APN-209 Nap-of-the-earth flight only

VOR/LOC, GS, MB-AN/ARN-123 Comus missions only

Voice Security TSEC-KY-28 Wartime missions only

Secure IFF-KIT-IA/TSEC Wartime aissions only

VHF-FM AN/ARC-114 Missions when 2 VHF-PM radios

are required

External ,argo Hook Sling-Load missions only

Rescue Winch 4 Hook Hoist type rescue missions only

Troop Seats Troop carrying missions only

The installed equipment which is required for each mission will be

identified from an analysis of the detailed mission scenarios to be

provided by TRADOC.

c. Equipment whose failure/malfunctioning or any type of manhours

for maintenance is not to be charged for the reason given below.

(1) DuringDT II or OT II:

ITEM REASON

UHF-AM (radio) AN/ARC-116 Interim equipment

VOR LOC AN/ARN-82A Interim equipment

T.L.S. AN/ARQ-31 Requirement deletedIS/MB AN/ARN-58 Interim equipment

ABS, ALT AN/APN-171 Interim equipment

IFF AN/APX-72 with TS-1843 set Interim equipment

YT700 Engine Interim equipment

(2) During DT III or OT III- None.

S. Required equipment not installed in test aircraft. This equipment

will haw values established for the appropriate measures for use in

preparing a composite system number.

a. During DT II or OT II:

(1) AN/APX-zoo

(1) VHF-FM radio AN/ARC-114

*,A
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(1) UHF-AM radio AN/ARC-164

(1) Lightweight Dopplar Navigation System (LDNS)

(1) VOR/LOC, GS, MH AN/4N-123

(1) ABS, Alttmeter AN/APM-209

(2) T700 Engines

NOTE: Values established prior to completion of OT II will have the

effects of Scoring Criteria factor, as indicated in paragraph 4b(2)

integrated into the composite number.

b. Ditring DT III or OT III. At this time, there is no equipment

required for missions which will not be installed in the Low Rate

Initial Production (LRIP) aircraft.

i1
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YT 700 RELIABILITY AND MAINTAINABILITY DEFINITIONS

1. Mean-Time-Between-Failure (MTBF). The toal engine operating time

of a population of engines divided by the total number of relevant

events of engine failure experienced within the population during the

measurement interval.

2. Failure. Inability to perform required function within specified

limits.

3. Failure Requiring Overhaul (FRO). Failures in which corrective

mainten&nce is sufficiently extensive to be beyond the capability of

the organizational or direct support level; i.e., best performed at de-

pot level.

4. Failure Classes:

Class I - Failures that result in destruction of an engine or loss

of aircraft control or fire external to the engine.

Class II - Failures which result in In-Flgiht shutdown.

Class III - Failures which result in potential power losses completely

or partially rectified by automatic or manual corrective action.

Class IV - Failures which result in power loss or no start.

Class V - Any failure w'ich requires unscheduled maintenance action.

5. Power Loss. Inability to obtain and/or sustain at least ninety

percent of the desired power level.

6. Primary Failure. An independent failure not as a result of some

other failure.

7. Secondary Failure. Any failure wj th, engine which was the result

of some other failure.

8. Excluded Failures:

a. Failures resulting from errors of maintenance personnel.

b. Failures resulting from operating the engine beyond specification

limits. Included failures are those operationally related failures for
which the engine provides integral protective devices.
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c. Failures resulting from airframe components.

d. Failures to start if a suc:essful start is accomplished without

corrective maintenance action.

e. Reported operating malfunctions which cannot be verified by

subsequent investigation, flight or ground test.

f. Multiple part removals and other maintenance actions performed

upon the same engine following an initial failure requiring maintenance

action will be counted as one failure against the engine.

g. Failures of equipment not furnished by the engine contractor.

h. Failures for which a corrective engine design change or an

operational procedure change has been demonstrated, and approved by the

Government, will be removed from the failure count unless the events are

identical, to those for which corrective action was taken and it has been

determined that the prescribed corrective action procedures have been

utilized.

9. Fault Corrective Maintenance. The actions performed as a result of

a failuro, to restore an item to a specified condition.

10. Mean-Time-Between-Maintenance (MTDM). The mean of the distribution

of the time intervals between all maintenance actions, excluding daily

inspections. j
11. Mean-Down-Time (M)T). The mean of the distribution of elapsed active

maintenance times for all maintenance actions performed at the organizational

and field levels, excluding engine removal or installation into the air-

craft, daily inspections and any maintenante action that can be completed

in five minutes.

12. Excluded Maintenance Tasks:

a. Maintenance or operational errors not chargeable to engine

technical orders or training provided by the engine contractor.

b. Repair of battle damage or accident damage other than engine

caused accident damage to the engine.
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c. All maintenance on special test instrumentation.

d. Assembly and disassembly of quick change engine kits.

e. Positioning maintenance stands and gaining access to the engine.

f. Engine removal and replacement for non-engine caused reasons.

g. Redesign change when related to upgradisd engine performance or
other changes in specification requirements.
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FOOTIOTS,

1. MDT: Maan-Dc n-Time.

2. CLASS V FAILURE: Failure which requires unscheduled maint. action.

3. MTDM: Mean-Time-Between-Maintenance.

4. W4I/OH: Maint Man-Hour/Engine Opbrating Hour

S. CLASS III FAIURE: Failures which result in potential power losses

completely or partially rectified by automatic

or manual corrective action.

CLASS IV FAILURE: Failures which result in power lois or no start.

6. REPAIR: Fault location and correction time, adjustment/calibration

time checkout time, and cleanup time.

7. F.C. MKtH/OH: Fault corrective main man-hours/engine operating hours.
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MEMORANDUM OF AGREEMENT

BETWEEN

US ARMY MATERIEL DEVELOPMENT AND READINESS COMMAND

AND

US ARMY TRAINING AND DOCTRINE COMMAND

1. Purpose. This agreement sets forth the reliability, availability,

and maintainability (RAM) miniimum acceptable values (MAV) for the UTTAS.

2. Agreements.

a. The jointly agreed to UTTAS MAV are stated in Table 1 at Incl 1.

b. The system configuration, definitions, rationale, and qualitative

risk assessment in support of these MAV are described at Incl 2.

c. With the establishment of these MAV, the current RAM values in

the approved UTTAS Materiel Need will be considered as best operational

capability values. As such, the MN RAM values will continue to be the

RAM requirements for the mature aircraft.

d. Flight safety reliability will be considered at the conclusion of

each test cycle but will be demonstrated during the first 165,000 flight

hours of operational use.

e. MAV, other than mentioned in d above, will be assessed as follows

in DT/OT II.

(1) The interim test goals for system MTBF (1.82) and mission reli-

ability (.90) as found in the CTP will be demonstrated with a .70 lower
confidence le~vel.

(2) A7.1 other MAV will be demonstrated as nominal point estimates.

f. MAV, except for the flight safety, for DT/OT III will be demon-

st-rated as follows:

(1) System MrTBF and mission reliability will be demonstrated at a

confidence level to be negotiated by DARCOM and TRADOC after evaluation

of OT II results and determination of potential reliability growth during
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maturity test phase.

(2) Other MAV are to be demonstrated at approximately 90% confidence

level during DT/OT III.

g. Operational availability point estimate achievement and demon-

stration will be calculated with an assumed Not Operational Ready due

te Supply (NORS) rate of 8%.

GEORGE SAMMET, JR. W. H. VINSON, JR.
Lieutenant General, USA Major General, GS
Deputy Commanding General Deputy Chief of Staff
for Materiel Development for Combat Developments
United States Army Materiel United States Army Training
Development and Readiness Command and Doctrine Command
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The UTTAS minimum acceptable values (MAV) in accordance with AR 702-3

and the 16 May 74 Memorandum of Agreement between AMC and TRADOC are as

follows: (The approved MN value is listed for reference only.)

RAM Parameter MN Value MAV

Dynamic Component MTBR 1500 flt hrs Not required

Flight Safety Reliability .999952 .9997

Mission Reliability .986909 .982

Fault Corrective Manhours 2.8 8.0*
per Flight Hour

Probability of Restoration .9 Not required
in 30 min with 2 men

Operational Availability (OA) .82 .75

Mean Time Between Failure 4.0 fit hrs 2.7*

Inspection and Servicing 1.0 2.17*
Manhours per Flight Hour

*These values are based on the proposed TOE for the assault helicopter

company (AHC) and apply solely to the UTTAS.

1
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UTTAS OPERATIONAL RATIONALE

MINIMUM ACCEPTABLE VALUES

1. Dynamic Component MTBR. The user has no need to identify a MAV for

dynamic component removal. The user's need can be quantified by iden-

tifying MAV for manhours per flight hour, mission reliability, and

operational availability.

2. Probability of Restoration in 30 Minutes with Two Men. The user has

no need to identify a MAY for restoration time since mission reliability

is the salient element from an operational viewpoint. In this regard,

mission reliability criteria must be met and will dictate that the

restoration time must be within the boundary of 30 minutes by two men.

3. Mission Reliability. The primary mission of the assault helicopter

company is to lift the assault elements of one rifle company. In

addition, one additional aircraft must be available for either mission

aborts or to perform the logistical maintenance function required by the

assault helicopter company. Based on a one hour mission, a MAV of .982

permits accomplishment of this mission. These planning figures are

dependent on the TBOI approved by the Department of the Army in 1972,

4. Flight Safety Reliability. Comparison flight safety reliability

with other US Army helicopters indicates that the lowest reliability
rate that will be an acceptable MAV at OT II will be consistent with

the current helicopter fleet. Since achiovzment of reliability is a

function of time and avail&bility of numbers aircraft, it can be projected

that reliability will achieve a substantial improvement over the current

fleet during DIr/OT III.

5. Fault Corrective Maintenance Manhours per Flight Hours. This MAV

will provide a lower level of maintenance than required for the UH-lH
at OT II. Fault corrective maintenance relates directly to mission

reliability. The UTTAS mission reliability MAV must be met to insure

that. the assault helicopter can accomplish the primary mission. This

MAV is subject to limitation of inspection and servicing manhours per

flight hour. However, this MAV is dependent on meeting and inspection
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and servicing time of 1.61 hours per flight hour at OT II.

6. Inspection and Servicing Manhours per Flight Hours. The projected

TOE for the UWTAS Assault Helicopter reduces the number of maintenance

personnel required to maintain the UTrAS. Since inspection and servicing

and other AVNN functions cannot exceed the number of hours available to

perform the required AVUM functions, this NAV is considered to be the

highest level that is acceptable at OT II.

7. Operational Availability. This MAV for availability is that the

assault elements of one rifle company must be lifted by 75% of the

aircraft in a UTTAS company.

8. Mean Time Between Failure (MTBF). Achieving the MAV by OT II will

permit the availability of aircraft provided the maintainability best

operational capability can be demonstrated at GCT and there is no more

than a 356 degradation due to operational causes.
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UTTAS RELIABILITY AND MAINTAINABILITY

MINIMUM ACCEPTABLE VALUES

RISK ASSESSIENT

1. The following table provides a risk assessment of achieving the MAV's

as point estimates at the appropriate time point as identified in the

Memorandtm of Agreement.

2. Two parameters were recomended not to have MAV established. One, the

Dynamic CoLponent Mean Time Between Removal, will be tracked during the

program to assure reasonable component depot repair costs. The other, the

probability of restoration in 30 minutes with 2 men, will be evaluated only

as part of assessing the contractors compliance with their respective Prime

Item Development Specification (PIDS) for that parameter.

3. The MAV that carries a high risk is the Flight Safety Reliability.

The Flight Safety Reliability assessed risk is due solely to the limited

number of flight hours in the development test program. It is plunned

for the winning contractor to accumulate 4080 flight hours at the end

of OT III. Including the other contractor's Basic Engineering Develop-

ment phase flight hours increases this to 537S flight hours. To allow

for a medium risk to be assessed, it is considered that 14,000 flight

hours would have to form the data base experience.

4. The MA•'s assessed as low risks are the inspection and servicing

maintenance manhours per flight hour, the operational availability and

the system MTBF.

.1
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TABLE 1

MATERIEL DEVELOPER
RAM PARAMETER TRADOIC PROPOSED MAV RISK ASSESSMENT

Dynamic Component MTBR Not to be established None
Probability of restoration Not to be established None
in 30 minutes with 2 men

Mission Reliability .982 MEDIUM. The reliability
growth during the Maturity
Phase is expected to achieve
a level at the MAV as a
point estimate.

Flight Safety Reliability .9997 HIGH. Any reasonable
eIie of fit safety re-

liability carries a high
risk of achievement de-
monstration because of
the limited flight test
program. This MAV requires
that 2 failures not be
experienced for the point
estimate to be equal to or
greater than the MAV.

Fault Corrective Maintenance 8.0 MEDIUM TO LOW. Expect a
Manhours per Flight Hour (5.0 for level not greater than

AVUM, 3.0 7.5 at beginning of GCT.
for IS maint
levels)

Inspection and Servicing 2.17 LOW. Boeing Vertol and
Manhours per Flight Hour GE-data indicate that 2.14

could be the average rate
during contractor fit test
program. No data from
Sikorsky is available.

Operational Availability .75 LOW. Based on calculating
operational availability
with an assumed "Not oper-
ational ready due to supply"
(NORS) rate of 8%.

Mean Time Between Failure 2.7 LOW. The reliability
growth during the Maturity
Phase is expected to achieve
a level of 3.2 flt hours
MTBF.
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APPENDIX 5

GOVERNMENT FURNISHED EQUIPMENT OF THE UTTAS PRODUCTION CONFIGURATION
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Government Furnished Equipment (GFE) of UMTAS Production

Configuation

The table below gives a description of the Government Furnished

Equipment (GFE) which was not installed on the UTTAS at the time of

DT/OT II. This equipment will be installed on the UTTAS at the time

of full scale production.

TABLE 1

Quantity

Item Description On Aircraft

Transponder Set,
AN/APX-100 1

VHF-FM Radio Set,

AN/ARC-114 1

UHF-AM Radio Set,
AN/ARC-164 1

Lightweight Doppler
Navigation System
AN/ASN-128 1

VOR LOC. GS/MB
AN/ARN-123 I

Absolute Altimeter
AN/APN-209 1

Communication Security
Set, TSEC/KY-28 3

Computer, Mark XII
Kit-lA/TSEC 1

Voice Gating Circuit,
MD9S4 4

ADF Compensation
CN 1404 1

T700 Engine 2

136

* I*



Par Values of Government Furnished Equipment (GFE)

The RAM requirements which have beer established for the UTTAS

development program apply to all contractor and Government Furnished

Equipment (GFE) of the UTTAS production configuration. The table below

gives estimates of the impact of the GFE which was not installed during

DT/OT II on the RAM parameters which have been assessed in this evaluation.

These estimates are referred to as par values for GFE.

TABLE 2. PAR VALUES FOR GFE

PARAMETER GFE PAR VALUE

System failure rate .028 failures per flight
hour

Mission failure rate .010 missioa aborts per
flight hour

Corrective maintonance manhours per .22 manhours per flight
flight hour (AVUM and AVIM) hour
Scheduled maintenance manhours per .15 manhours per

flight hour flight hour

Fault corrective maintenance manhours .18 manhours per
per flight hour flight hour

Downtime (applicable to achieved .06 clock hours per
availability) flight hour

These values have been included in the assessment of UTTAS RAM

parameters in this evaluation unless otherwise specified. Tables

in this appendix provide further information on the derivation of
these par values.
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TABLE 3. ESTIMATED SYSTEM FAILURE RATES OF THE GOVERNMENT FURNISHED
EQUIPMENT (GFE) OF UTrAS PRODUCTION CONFIGURATION

FAILURE
QUANTITY RATE (FAILURES

ITEM DESCRIPTION ON AIRCRAFT PER 1000 HOURS)

Transponder Set, AN/APX-100 1 1.6

VHF-FM Radio Set, AN/ARC-114 1 2.6

UHF-AM Radio Set, AN/ARC-164 1 1.0

Lightweight Doppler Navigation
System, AN/ASN-128 1 4.7

VOR LOC, GS/MB AN/ARN-123 1 1.6

Absolute Altimeter AN/APN-209 1 1.6

Communication Security Set,
TSEC/KY-28 3 3.0

Computer, MARK XII, KIT-1A/TSEC 1 0.4

Voice Gating Circuit, MD 954 4 1.1

ADF Compensation, CN 1404 1 0.2
General Electric T700 Engine 2 10.0

Total Failure Rate, All GFE 27.8

The failure rates listed above are for the indicated quantity of

equipment in a series configuration, Failure rates for avionics equipment

were obtained from System Specification AMC-SS-2222-10000D. The failure

rate of the T700 engines was estimated from the performance of the YT700

engines during DT/OT II.
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TABLE 4. ESTIMATED MISSION ABORTING FAILURE RATE OF GOVERNMENT
FURNISHED EQUIPMENT (GFE) OF THE UITAS PRODUCTION
CONFIGURATION

AIRCRAFT MISSION ABORTING FAILURE RATE
ITEM DESCRIPTION ON AIRCRAFT (ABORTS, PER 1000 HOURS)

Transponder Set,
AN/APX-1000 1 .11

VHF-FM Radio Set,
AN/ARC-114 1 .15

SUHF-AN Radio Set,
AN/ARC-164 1 .07

Lightweight Doppler
Navigation System,
AN/ASN-128 1 .31

VOR LOC, GS/MB
AN/ARN-123 1 .10

Absolute Altimeter
AN/APN-209 1 .11

Communication Security Set,
TSEC/K' -28 3 .21

Computer, MARK XII,
KIT-1A/TSEC 1 .03

Voice Gating Circuit,
MD 954 4 .08

ADF Compensation,
CN 1404 1 .02

General Electric
T700 Engine 2 9.0

Total Mission Aborting
Failure Rate, All GFE 10.19

The failure rates listed above are for the quantity of equipment
indicated in a series configuration. The mission abort failure rate of
the avionics equipment was obtained by applying a mission reliability
factor (MRF) of 0.10 to the mission affecting failure rates listed in
System Specification AMC-SS-2222-10000D. The mission abort failure
rate of the T700 engines was estimated from the performance of the
YT700 engines during DT/OT II.

A combat mission abort rate of 5.4 aborts per 1000 hours for the
T700 engines has been used in the assessment of combat mission reliabil-
ity.

139

,,



TABLE S. ESTIMATED CORRECTIVE MAINTENANCE FOR GOVERNMENT FURNISHED
EQUIPMENT (GFEJ OF THE UTTAS PRODUCTION CONFIGURATION

CORRECTIVE
MAINTENANCE MANHOURS
PER 1000 FLIGHT HOURS

QUANTITY UNIT LEVEL INTERMEDIATE LEVEL
ITEM DESCRIPTION ON AIRCRAFT (AYUJ) CAVIN)

Transponder Set,
AN/APX-100 1 0.5 6.6

VHF-FM Radio Set,
AN/ARC-114 1 0.6 19.8

UHF-AN Radio Set,
AN/ARC-164 1 0.2 1.1

Lightweight Doppler
Navigation System
AN/ASN-128 1 1.0 18.1

VOR LOC, GS/MB
AN/ARN-123 1 0.4 0.4

Absolute Altimeter
AN/APN-209 1 0.4 11.9

Communication Security
Set, TSEC/KY-28 3 0.8 23.2

Computer, MARK XII,
Kit-1AITSEC 1 0.1 13.8 I
Voice Gating Circuit,
MD 954 4 0.3 0.7
ADF Compensation
CN 1404 1 0.1 0.3

T700 Engine 2 110.0 14.3
Total Corrective Maintenance

Manhours per 1000 Flight Hours,
All GFE 114.4 109.8

The corrective maintenance manhours per flight hour estimates for avionics
equipment were obtained from System Specification AMC-SS-2222-10000D. The
AVUM manhours per event for avionics equipment as given by the SystemI Specification was increased by 0.20 manhours to account for removal/replace-
ment time. The corrective maintenance vanhours per flight hour estimates
for the T700 engines were obtained from an assessment of the performance
of the YT700 engines during DT/OT II.
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TABLE 6. DOWNTIME OF GOVERNMENT FURNISHED EQUIPMENT (GFE) OF THE UTTAS
PRODUCTION CONFIGURATION

DOWNTIME PER
EQUIPMENT FLIGHT HOUR (HOURS)

All Avionics .001

T700 Engines .060

Total, All GFE .061

The downtime per flight hour for avionics was derived from tho
mission affecting failure rate of avionics and AVUM level maintenance
per event as given in System Specification AMC-SS-2222-1000D.

The downtime for the T700 engines was obtained from an assessment
of the performance of the YT700 engine during DT/OT II.

IABLE FAULT CORRECTIVE MAINTENANCE MANHOURS PER FLIGHT HOUR FOR
GOVERNMENT FURNISHED EQUIPMENT (GFE) OF UTTAS PRODUCTION
CONFIGURATION

FAULT CORRECTIVE MAINTENANCE
EQUIPMENT MANHOURS PER FLIGHT HOUR

All Avionics .10

T700 Engines .08

Total, All GFE .18

The difference in fault corrective and total corrective maintenance
for avionics was assumed to be negligible. Therefore, the fault
corrective maintenance for avionics was assigned the value for avionics
total corrective maintenance in System Specification AMC-SS-2222-10000D.

'The fault corrective maintenance for the T700 engiiies was assessed
from the maintenance required to correct the failures of the T700 engine
which were charged by the YT700 Engine Scoring Committee.
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TABLE 7. ESTIMATED SCHEDULED MAINTENANCE FOR GOVERNMENT FURNISHED
EQUIPMENT (GFE) OF UTTAS PRODUCTION CONFIGURATION

SCHEDULED MAINTENANCE MANHOURS
EQUIPMENT PER FLIGHT HOUR

All Avionics .09

T700 Egnines .06

Total, All GFE .15

The estimates above were obtained from System Specification

AMC-SS-2222-O000D.
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APPENDIX 6

ENORAi4DA FROM THE DEPUTY SECRETARY OF DEFENSE
AND DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING
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DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING
WASHINGTON, D.C. 20301

2 FEB 1976

MEMORANDUM FOR ASSISTANT SECRETARY OF THE ARMY
(RESEARCH AND DEVELOPMENT)

SUBJECT: IrTTAS Program

In response to your m(morandum of 18 January 1976, this office

interposes no objection to the UT1AS program entering Government

Competitive Testing (GCT) according to the Army's current schedule.

The recent apparent inprov( V, in aircraft Mean Time Betivaen Failure

(MTrBF), as briefed by the UTTAS Project Manager, does not relieve the

Army from the goals and thresholds established in the DCP. Accordingly,

the Army is requested to ensure the timely availability of reliability

and maintainability data and the previously requested operating and

support cost estimates.

Of concern is the project manager's conclusion that MMH/FH, MTBR and

mission reliability are more critical than MrBF in evaluating total

system worth. As you know, MTBF has been used as a major factor in

establishing desired reliability in several recent helicopter programs,

i.e., AAH and HLH. It has provided a parameter against which reli-

ability can be evaluated/measured during the relatively short

development period. If there are better, more significant parameters,

then these should be further developed and thresholds and testing

methods established. Your views on this matter would be appreciated.

MALCOLM R. CURRIE
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THE DEPUTY SECRETARY OF DEFENSE
WASHINGTON, D. C. 20301

28 FEB 1976

MEMORANDUM FOR The Secretaries of the Military Departments

SUBJECT: Reduction of Outyear Operating and Support (O5S) Costs

I am seriously concerned with the continuing growth of the fraction of

the total DoD resources needed to operate and support our weapons and

the decline in imds for new weapon procurement. A means to increase

real DoD purchasing power is to increase emphasis on controlling the

outyear operating and support costs of weapon systems during the develop-

ment and acquisition phase both through attention to design, procurement,

and support planning. We must have the dual objectives of reducing the

fraction of the outyear DoD budget allocated to weapon O&S costs while

at the same time maintaining operational readiness.

My 16 October 197S memorandum to you, Subject: Visibility and Manage-

ment of Support Costs (MBO 9-2), described one important aspect of this

action plan - improving the visibility and management of support costs.

While I am confident that we can achieve the ability to identify and track
those costs, I am equally concerned that insufficient attention is being

paid to controlling eventual system O&S costs during conceptual, valida-

tion and full-scale development phases of new systems. My objective is

to achieve an overall reduction in the fraction of each Service's outyear

budget allocated to O&S cost in the outyears by focusing now on reducing

the O&S costs of the new systems we are developing.

Specifically, I am requesting that each Service establish O&S cost

targets for each system in development to support the above objective

and follow up on the achievement of such targets. For the near term,

the approach should be to identify in the DCP/DSARC process, the incre-
mental O&S cost impact of each weapon decision (in terms of the O&S cost
impact of planned replacement or augmentation of a function), and to
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periodically assess the extent to which the decisions taken collectively

support the broad objective. Any net growth would then require tradeoffs

to support the objective of overall reduction of the O&S cost fraction

in the outyears. Such could include a search for more effective support

concepts as well as conceptual and design tradeoffs to meet the need.

Decisions on new weapons will be heavily influenced by the extent to which

each program contributes to the objective.

The attachment provides guidance in the areas where attention should be

focused for greatest payoff. I expect this guidance to be applied at

all levels of the Services and that progress toward meeting the objec-

tive will be reviewed at the highest levels. I will need your full

support to make this policy succeed. From this time, each DSARC review

is to specifically address the O&S cost impact of new systems compared

to those to be replaced or augmented; and efforts which have been made

or are required to achieve a net outyear reduction whenever feasible.

Within three months I would like to have your planned approach to establish-

ment of O&S cost goals for all major programs now in the DSARC process

(with emphasis on those prior to DSARC II) and the methodology for an

annual assessment of the net O&S cost impact of decisions in the prior

year. The first such assessment could be submitted for my review a year

from this date.

W. P. CLEMENTS JR.
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APPENDIX 7

RELIABILITY GROWTh OF THE UTTAS DURING THE FULL SCALE
DEVELOPMENT PHASE
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APPENDIX 8

FAILURES OF THE YT700 ENGINE
DURING DT/OT II
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SUMMARY - BO.ING/VERTOL - YT700 ENGINE FAILURES - DT/OT II

A/C Vs6

Control No. Event Disposition

6085-V56-004C An-ti-ice Valve Sticks Not Chargeable

6088-VS6-002B Anti-ice Valve Sticks Not Chargeable

6103-VS6-002D Anti-ice Valve Sticks Not Chargeable

6115-VS6-004Z WN! Fuel Sched Shift Chargeable - Class 4

613.1-VS6-002B #3 Bearing Failure Chargeable - Class 2

Eng S/N 212 removed, Eng S/N 206 installed, position #1

6160-V56-O01D Low Power 6 Torque Not Chargeable

Eng S!N 206 removed, Eng S/N 230 installed, position #1

6163-VS6-OOIB Anti-ice Valve Opens Not Chargeable

End of DT-2

6182-V56-013Z T4.5 Harness Broken Not Chargeable

6183-V56-004B Replace Igniter Plug Not Chargeable

6204-V56-014Z Replace Oil Filter Cap Not Chargeable

G230-,V56-006A Anti-ice Valve Opens Not Chargeable

6237-VS6-002A Change HMU Not Chargeable

6238-VS6-OOSA Heavy Oil Leak Not Chargeable

Eng S/N 232 removed, Eng S/N 277 installed, position #2

End of OT-2
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SUMMARY - BOEING/VERTOL - YT700 ENGINE FAILURES - DT/OT II

A/C VS7

Control No. Event Disposition

6085-VS7-013Z C Sump Shield Cracked Not Chargeable

6094-VS7-004B C Sump Shield Cracked Not Chargeable
6104-VS7-009B Dirty Connector Chargeable - Class 5
6117-V57-040Z Chaffed Oil Line Not Chargeable

6120-VS7-024Z C Sump Shield Crapked Not Chargeable
6120-V57-026Z C Sump Shield Cracked Not Chargeable
6126-VS7-007Z Yellow Harness Short Chargeable - Class 5
6131-VS7-002A Broken Oil Line Not Chargeable

Eng S/N 210 removed, Eng S/N 203 installed, position #1

End of DT-2

6170-VS7-OO1B Igniter Plug Replaced Not Chargeable
6188-V57-015Z T4.S Harness Broken Not Chargeable
6190-VS7-003Z C Sump Cover Cracked Not Chargeable

6194-VS7-012B PTO Failure Chargeable - Class 2

Eng S/N 203 removed, Eng S/N 225 installed, position #1

6210-VS7-OOSZ T4.S Harness Broken Not Chargeable
62104V57-010A #4 Bearing Failure Not Chargeable

Eng S/N 221 removed, Eng S/N 210 installed, position #2

6215-V57-010C Foreign Object Damage Not Chargeable

Eng S/N 210 removed, Eng S/N 219 installed, position #2

1
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SUMMARY - BOEING/VERTOL o YT700 ENGINE FAILURES - DT/OT II

A/C V57 (Continued)

Control No. Event _p..ttion

6232-V57-0127 T4.S Harness Broken Not Chargeable

6233-V57-OOE Stuck Torque Tube Not Chargeable

Eng S/N 225 removed, Eng S/N 221 installed, position #1

6238-VS7-008A Torque Indication Pending GE

6239-VS7-006B Torque Fluctuation Not Chargeable

6246-VS7-006Z C Sump Cover Cracked Not Chargeable

End of OT-2
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SUIJNARY - SIKORSKY - YT700 ENGINE FAILURES - DT/OT II

A/C SS0

Control No. Event Disposition

6099-S50-OOBZ Fuel Filter Button Pop Not Chargeable
6106-SSO-005Z Fuel Filter Button Pop Not Chargeable
6124-SSO-O0OB Contaminated HNU Chargeable - Class 2

Eng S/N 220 removed, Eing S/N 205 installed, position #2

6126-SSO-002B No Ignition - Faulty Exciter Chargeable - Class 4
6127-SSO-008Z Sump Drain Leak Not Chargeable
6127-SSO-009Z Sump Drain Leak Not Chargeable
6161-SSO-004A HWU Fuel Pump Failure Not Chargeable
6163-SSO-001C No Ignition - Faulty Exciter Chargeable - Class 4

End of DT-2

6171-$50-002A l14U Replaced - Sluggish Np Chargeable - Class 4
6180-SSO-002B Faulty Overtemp Indic. Not Chargeable
6180-$50-003A Faulty Overtemp Indic. Not Chargeable

6183-SSO-001D T4.5 Harness Broken Not Chargeable
6183-SSO-003Z History Recorder Faulty Not Chargeable

6195-SS0-008Z Faulty Overtemp. Indic. Not Chargeable
6217-$50-002A PTO Failure Chargeable - Class 2

Eng S/N 205 removed, Eng S/N 201 installed, position #2

End of OT-2
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SUWIARY - SIKORSKv - YT7)O ENGINE FAILURES.- DT/OT 1•

A/C S52

Control No. Event Disposition

6084-S52-023Z Faulty OverteVp Indic. Not Chargeable

6104-S52-006B Fuel Filter Button Pop N~t Chargeable

6104-S52-006C Fuel Filter Button Pop Not Chargeable

6110-S5?-003Z Fuel Filter Button Pop Not Chargeable

6113-S52-004B Swirl Frame Drain Leak Not Chargeable

6119-S52-003Z Fuel Filter Button Pop Not Chargeable

6124-S52-004B Swiri Frame Drain Leak Not Chargeable

6132-852-010Z Puel Filter Button Pop Not Chargeable

6132-SS2-011Z Starter Ped Leakago Not Chargeable

6133-S52-001A Green Harneas Short Chargeable - Clees S

End of DT-2

6175-S52-003Z Faulty Overtomp Indic. Not Chargeable

6176-S52-0030o #3 Bearing Failure Not Cha•guable

Eng S/N 231 remnved, Eng S/N 224 installed, #2 position

6233-S52-026Z T4.5 Hazrness Broken Not Chargeable

End of OT-2
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'YT700 ENGINE CHAPGEADLE FAILURES - DT/OT IT

Control No. Event Class

611S-VS6-004Z HMU Fuel Schad Shift 4

6131-VS6-002B #3 Bearing Failure 2

6104-VS7-009B Dirty Connector 5

6126-VS7-007Z Yellow Harness Short S

6194-V57-0125 PTO Failure 2

6124-S50-001B Contaidnated HNJ 2

612t-S5O-002B No Ignition 4

6163-S50-001C No igriLtion 4

6171.,650-002A HMU - Sluggish Np 4

6217-SS0-002A PTO Failure 2

6133-$52-001A Green Harness Short 5
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YT700 ENGIN-E REMOVALS - DT/OT II

Boeing Vortol Aircraft V56

S/N 212 removed, S/N 206 installed, position 41
S/N 206 removed, S/N 230 installed, position #I
S/N 232 removed, S/N 277 installed, position #2

Boeing Vertol Air.raft VS7

S/N 21.0 romoved, SiN 203 installed, position #1
S/N 203 raoioved, S/N 225 insta)!ed, position #I
S/N 221 removed, S/N 210 installed, position #2
S/N 20n removed, S/IN 229 installed, position 02
S/N 22S removed, S/N 221 installed., pos.tion #1

Sikorsky Aircraft SSOi SIN 220 removed, S/N 205 installed, position 02
3/N 20t removed, S/N 201 instulled, position #2

Sikorsky Aircraft $52

S/N 231 removed, S/IN 224 .nstalled, position 02
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YT70G ENGINE kELIABILITY DEFINITIONS

1. MTBF (4sn Time between Failure.). The total engine operating time

of a population of engines divided by the total number of :e e.iant

events of engine failure experienced within the population eu&ring

the measurement interval.

2. MTBR (Mean Time Between Removal). The total engine operating

time of a pcpulation of engines divided by tbe total nwmbew

of unschedulod engine removuls.

3. Failure. Inability to Werform roquired function within specified

limits.

4. Primary Failure. An independent failure, not as 9, result of

another failure.

5, SecOTA!M Failue. Any failure within the engine which was the

result of so•w other failure.

6. Power Loss. Inability to obtain and/or sustain at least 90 percenft

of the desired power level.

7. Failure Classes. Class I - Failures that result in destruction

of an engine or loss of aircraft

control or fire external to tho engine.

Class II- Failuros which result in In-Flight

shutdown (i.e., unrecoverable power loss).

Class III- Failures which result in potential

power losses completely or partially

rectified by automatic or manual

corrective action.

Class IV- Failures which result in power loss or

no start.

Class V - Failure which requires unscheduicd

maintenance action.
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8, Excluded Failures.

(a) Failures resulting from errors of maintenance personnel.

(b) Failures resulting frcme operating the engine beyond specification

limits. Included failures are those operationally related

failures for which engine provides integral protective devices

(overspeed, overtemperature, hot starts).

0c) Failures resulting from airframe components.

(d) Failures to start if a successful start is accomplished
without corrective maintenance action.

(e) Reported operating malfunctions which cannot be verified

by subsequent investigation, flight or ground test.
(f) Multiple part removals and other maintenance actions performed

upon the same engine following an initial failure requiring

vnaintonanct action will be counted es one failure against

the angine.

(g) Failures of equipment i-tot furnished by' the engine contractor.

(h) Failures for which a corrective enginb design change or an

opexational procedure change has been demonstrated, and

approved by the Govrnment, will be removed from the failure
count, unless the events are identir•al to those for which

corrective action was taker. and it has been determined that

the prescribed coi[octive actio procedures have been utilized.
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APPENDIX 9

FAILURE RATES OF UTTAS COMPONENTS MODIFIED
DURING DT/OT II
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DT II/OT II FAILURE RATES OF COMPONENTS MODIFIED DURING DT II ON SIKORSKY
AIRCRAFT S50 AND 552

PRE- POST
MODIFICATION MODIFICATION
FAILURES PER FAILURES PER

MODIFIED COMPONENT FLIGHT HOUR FLIGHT HOUR

Avionics Intake Screen --

GCU 0.0034 0.0008

Fuel Selector Valves --

Bifilar Tapered Washers 0.0035 0.0000

Strobe Light Screws

Tail Rotor Dust Boots 0.0157 0.0000

Forward Support Tube --

Tail Rotor Cable Guide

Holein Tail Cone for T/R Cable 0.0034 0.0000

Inspection Hole
in Stabilator Mount Point Cover Plates 0.0051 0.0000

Tail Wheel Locking Pin Catch 0.0101 0.0000

M/R Bonding Jumpers 0.0042 0.0015

New Glue on Velcro O/H Sound Proofing --

Fuel Selector Valves (2nd Mod.) --

O/H Sound Proofing 0.0034 0.0076

Engine Starter Jaws 0.0083 0.0053

Cabin Door Vent Handle - --

Fuel Check Valves -

Updated Master Trim Panel - -

Hydraulic System Cooling Line - -

Hydraulic Pump Module Quick Disconnects --

Pilot Assist Module Flow Regulator --

Stabilator Mount Fairing

TOTALS 0.0621 0.0152
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DT II/OT II FAILURE RATES OF COMPONENTS MODIFIED DURING OT II ON SIKORSKY

AIRCRAFT S50 AND S52

PRE- POST

MODIFICATION MODIFICATION
FAILURES PER FAILURES PER

MODIFIED COMPONENT FLIGHT HOUR FLIGHT HOUR

O/H Sound Pr'f, (N ut Plates) 0.0053 0.0000

Seat Belts 0.0050 0.0000

T/R Servo Pressure Lines Bleed Port

Collective Pitch Control Stick

Stabilator Mounting Bolts - -

M/R Blade Bonding Doublers 0.0006 0.0100

Access Hole in APU Panel

TOTALS 0.0109 0.0100
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DT II/OT II FAILURE RATES OF COMPONENTS MODIFIED DURING DT II ON BOEING
AIRCRAFT V56 AND V57

PRE- POST
MODIFICATION MODIFICATION
FAILURES PER FAILURES PER

MODIFIED COMPONENT FLIGHT HOUR FLIGHT HOUR

Tail Rotor Blades -

Pitch Change Link Bolts 0.0023 0.0000

SCAS Boxes 0.0000 0.0052

EAPS Duct 0.0037 0.0000

M/R Blade Pendabs 0.0009 0.0006

Crown Windows 0.0023 0.0000

Maintenance Crane Support Structure -

Sound Proofing 0.0000 0.0042

Utility Light Mount Bases - -

Cabin Doors 0.0000 0.0028

M/R Hub Seals 0.0066 0.0000

TOTALS 0.0158 0.0128
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DT Il/OT II FAILURE RATES OF COMPONENTS MODIFIED DURING OT 11 ON BOEING
AIRCRAFT V56 AND V57

PRE~- POST
MODIFICATION MODIFICATION
FAILURES PER FAILURES PER

MODIFIED COMPONENTS FLIGHT HOUR FLIGHT HOUR

Hand Guards 0 0

Engine Transmission 0 0

Fuel Totalizer and Flow Indicator 0 0

TOTALS 0 0

J

Next page is blank.
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APPENDIX 10

FAILURE RATES O UTTAS COMPONENTS WHICH EACH EXPERIENCED MORE THAN
ONE FAILURE DURING DT/OT II
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COMPARISON OF DT Il/OT II REPEATED SYSTEM FAILURES FOR BOTH BOEING

AIRCRAFT VS6 AND VS7

NUMBER OF FAILURES

FAILED COMPONENT DT II OT II

Output Bellcrank 0 2

APU Exhaust bracket 3 2

Crew Mike Cord/Switch 7 6

Formation/Navigation/Strobe Light 8 5

Tail Rotor Drive Shaft Barry Mounts 0 2

Engine XMSN Lines 2 4

Cargo Door Rollers 3 2

Actuator 2 2

FM Homing Wire 3 0

Crown Latch 3 0

Main Rotor Hub 2 0

SCAS Box 3 1

Power Supply 2 0

Engine Cowling Camlocks/Latch 3 1

EAPS Duct 4 0

Overhead Panel Wires 2 1

Main Rotor Blade Patch 3 0

Lower Gunner's Window 3 1

Cruise Guide Wiring 2 1

IFDS 2 0

TOTAL 57 30
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COMPARISON OF REPEATED SYSTEM FAILURES FOR BOTH SIKORSKY AIRCRAFT
SSO AND SS2

NUMBER OF FAILURES

FAILED COMPONENT DT II OT II

Main Gear Lower Dust Boots 0 2

Main Rotor Damper Boot 4 2

Cargo Doors and Tracks 0 4

Stabilator Upper Mount 6 3

Number Two Engine Mounts 1 3

Main Rotor Tip Caps/Doubler 1 4

Bonding Strap S 4

Posit ion/FormatiCt!f Lights 8 9

Stabilizer Amplifier 0 2

Vent Blower Fan 0 2

Troop Seat Support Ca..le 0 4

Seat Belt 2 2

Floor Mike Switch 11 2

APU Start Nozzle 0 2

GCU 6 10

Actuator S 0

Engine Bleed Air Line 2 0

Tail Rotor Dust Boots 4 0

Pneumatic Engine Starter 4 3

Power Supply 6 0

FAS Computer/Servo 4 1

Transfer Module Solenoid Valve 3 0

Tail Wheel Locking Pin 3 0

Engine Exhaust Fairing 4 2

Upper Droop Stop Spring 2 0

APU Start Fuel Nozzle 0 2

Stabilator Cracks 3 0

TOTAL 84 53

Next page is blank.-I
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APPENDIX 11

MISSION ABORT EVENTS DURING DT/OT II
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TABLE SIKORSKY MISSION ABORTS - DT/OT II

MALFUNCTION CAUSING ABORT CORRECTIVE ACTION

Cyclic stick jumps left when trim Replaced roll trim actuator
switch is turned on
Pressure low in main rotor blade spar - Main rotor blade replaced
Blade Inspection Method (BI) diagnostic

warning (two occurrences)

No rotor speed indication (three Rctor speed sensor replaced
occurrences)

Number 1 engine would not start Number 1 engine start valve
replaced

Pilot's door opened in flight - door Replaced door handle control
handle control tube broke off tube

APU generator would not come on line Replaced APU generator control unit

Pressure lost in number 2 hydraulic Tightened loose bolts holding
system and backup hydraulic pump solenoid valve cover. bolts
(two occurrences) safety wired after secoud

occurrence.

Backup hydraulic pump filter Replaced filter
button popped

Main transmission oil pressure Replaced oil pressure trans-
fluctuating mitter

Number 2 engine would not start Replaced broken wire on engine
start abort switch

Number 1 hydraulic system return Replaced filter and filter bowl
filter button popped

Restriction in cyclic movement Replaced primary servo

Stabilator failure Replaced stabilizer amplifier

Main rotor blade debonding in flight Replaced main rotor blade

Tail gearbox chip light came on Cleaned chip detector magnetic
plug

APU flamed out APU replaced

Closed circuit refueling nozzle would Closed circuit fueling port was
not seal after nozzle was removed replacel!

Number 2 primary servo pressure cauw ion Hydraulic puip module replaced
light and boost servo caution light
came on

Engine Control Unit (ECU) lockout Repaired wiring of engine controllever
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TABLE DOE IN MISSION ADOlTS - IT/OT Ii

MALFUNCTION CAUSING AWORT CON$MCTIVE ACTION

Auxiliary Power Unit (APU) Accelevation contro) unit replaced

underspeed

Severe vibration in flight No corrective actio,

Tail rreturns to back position Number 2 Stability Control Augmentation
in flight System (SCAS) box replaced

Number I engine trans&ission Replaced hose joint at transmission
oil pressure low (two occurrences) oil cooler

Loose retaining pin on number 2 Retaining pin tightened
pendulum absorber

APU underspeed Wiring of APU generator control

unit replaced

Cargo hook %quid released Replaced wiring

Number I engine will not motor Replaced air starter motor

Number 2 engine will not motor Tightened number 2 engine control
level cannon plug

Copilots overhead corner Window repositioned and taped.
window popped out Modified window later installed

Number 2 hydraulic pressure Switching valve was dirty. System
caution light came on. purged itself after mechanic

operated the switching valves

Number 2 engine flamed out while Repaired around wire to the fuel
starting shut off valve.

Capilot's windshield broke in Modified pleziglass wi-.adowz;
flight installed

Pendulum absorber flew off in Replaced pendulum absorber
flight

Crack in tail rotor blade Replaced tail rotor blade

Sumbbr 1 SCAS circuit breaker SCAS wiring replaced.
popped, failing tail.
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TABLE MISSION ABORTS CHARGEABLE TO T700 ENGINE - DT/OT It

?ALFUOCTION CAUSING AKOT CORRECTIVE ACTION

Power Take-off (PTO) Assmbly Replaced engine
failure

Nuimber 4 bearing failure Replaced engine

Hydromechnical Unit (HMU) Replaced engine

No ignition - faulty exciter Replaced e•citer box

Nmber 3 bearing failure Replaced engine

Power Take-off (PTO) assembly Replaced engine

fai lure

Magnetic Chip Light Indication Cleaned chip detector plug

(four occurreuces)
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APPENDIX 12

SCHEDULED A14D UNSCHEDULED MAINTENANCE OP lIE BOEING TTAS
DURING DT II CATEGORIZED BY SUBSYSTEM
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APPENDIX 13

SCHEDULED AND UNSCHEDULED M4AINTKWANCE OF THE BOMING
UTTAS FOR WHICH THE AIRCRAFT WERE NOT MISSION AVAILABLE

DURING DT I1 CATEGOPIZED BY SUiSYSTEM
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APPENDIX 14

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE BOEING UTrAS
DURING DT II CATEGORIZED BY MAINTENANCE FUNCTIONS

1
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APPENDIX 15

SCHEDULED AND UNSCHEDULED MAINTENANCE~ OF THE BOEING UTTAS
FOR WHICH THE AIRCRAFT WERE NOT MISSION AVAILABLE
DURING DT II CATEGORIZED BY MAINTrENANCE FUNCTION
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APPENDIX 16

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE BOEING UTTAS
DURING OT II CATEGORIZED BY SUBSYSteEM
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APPENDIX 17

SCHEDULED AND UNSCHEDULED MAINTENANCE OF TIE BOEING UTFAS

DURING OT II CATEGORIZED BY MAINTENANCE FUNCTION
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APPENDIX 18

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE SIKORSKY UTTAS
DURING DT II CATEGORIZED BY SUBSYSTEM
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APPENDIX 19

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE SIKORSKY tlITAS
FOR WHICH THE AIRCRAFT WERE NOT MISSION AVAILABLE

DURING DT II CATEGORIZED BY SUBSYSTEM
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APPENDIX 20

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE SIKORSKY UTTAS
DURING DT II CATEGORIZED BY MAINTENANCE FUNCTION
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APPENDIX 21

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE SIKORSKY UTTAS
FOR WHICH THE AIRCRAFT WERE NOT MISSION AVAILABLE
DURING DT IT CATEGORIZED BY MAINTENANCE FUNCTION
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APPENDIX 22

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE SIKORSKY UTTAS
DURING OT II CATEGORIZED BY SUBSYSTEM
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APPENDIX 23

SCHEDULED AID UNSCHEDULED MAINTENANCE OF THE SIKORSKY UTTAS
DURING OT II CATEGORIZED BY MAINTENANCE FUNCTION
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MAINTENANCE TRENDS OF MhE UTTAS CANDIDATES
DURING DT I1
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APPENDIX 25

MAINTENANCE TRENDS OF THE LrijAS CANDIDATES
DURING OT II
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APPENDIX 26

FAILURE CORRECTIVE MAINTENANCE OF THE BOEING AND SIKORSKY UTTAS
CANDIDATES AND THE BELL UI-IH
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APPENDIX 27

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE BELL UH-I1H
CATEGORIZED BY SUBSYSTEM

I
I

307 '

I. I

- - - -~;* ~. \ I *-' ~



fLM vN'~ 0n a '0l Ln

ci 0, -

0D 0 00a00000 a 0 -a

CDC ~ 0 0 0 @000 00 0 :
S0 1% U '00 t' 0 0% N N

101 li Li N ý Li o! V! '0! % 1% I. r!
C0 tn v C4 v * DM M

N ~ ~ o Cn 4ý NLiLi- ~ 0I ~

00 W,0

1. 
1).I~ 0 i

04 00 00 00 0

M~ Nn

0 4

44)

'r.

41 40
414

4. "4.14 .10

308I



...........

a a A 2 t1 6 tA

-0 00 0 0 0ý 0

a4 0 4 U

., ChO OO 0 0
-aa

0.4 0 f4 0 40 0000 Cb 0 0'

126,1

0 ~ ~ ~ 0 0 C 0 DC ; C ; C

I-0 0 0 ;0000D ;C; C

- n w m~ mn 4 t- N rA on N4 Ch
'Ce4 I -4 M 1 -M

4.W1 tAI
ID q i I I4. n w4

f, n * M M w

J. -.. 'DM -- C



o 00 I0 C44

it t

-I - I Q!O 0 0 0 . - I

Fe ~ ~ ~ ~ ~ I 0( m IAN Dn

LI - N IA NIA I

Z4 N N %.Sn N4 in I"
a0 0 a030 0a C

r4 *4

44j

.4.

44.

310

IL 44.nt (n- - ý4.1L 14 ra



0 0 @O t 00 0 0 N

4an
0a 91 M!*

IV, s0 4 0 0d; 4 f4. h C

C; -

a.0 C; C iC ;6 C 0 C

U3 3 SL~80 0 - i.

Nf *U Iq Uo 44~.
N~~s N 0 0 0

-0 't IV t- SLn b, 4 '0 UI I m I

311



.1~ 0; N f ~ Q

00 _ t 0 0 0 0 0 0 0 V C 0h

a (h a o a a 00cc e4 Q

'I L

'alAv 01 0 . q N r

01D0 It aa c4 L 0 0

4 1 0 0 Ln ma4 1 I~0 .

1 .4 -: 4 C! Ný - ý C! -

,-' U.

41 ip a. rA tel m ll .000 &A* 00 LA 000a
'a .0 4 - I d)01 00

U.4 U

1 0 0 0 0 0 0 r- L 0 0 0 0o

44 uA 01 - I-" 0
to- a . wA :1. 44 I 1 04 0 0

_________________________w___ 96 J



N 0 in in &A N N i'

b 00 0 000000 0C 0 Q 0

0 N

in ~ C4 0 r, m CD m

.4 _ _ _ _S _ _ _on _ __P_ _ _

"4ii

C; N ; 0 0 0 ~ a 4 0; C 0 ; C;

IL0 0 fD 0 N N v,

ini

NA

)- 4" o 4

0t .4 -

-4 14

164 Nt it in 946 .9

0 0 000 0 0313

0Nx pag is000 blan0k.



APPENDIX 28

SCHEDULED AND UNSCHEDULED MAINTENANCE OF THE BELL UH-1H
CATEGORIZED BY MAINTENANCE FUNCTION
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APPENDIX 2D

REM•VAL TIMES BY SUBSYSTEM

323

I.

.1..



.~.,% .. .II I I I '
- e 

e

F-4-ý "

'-4 S.. 0 00-4

'am .1 Ln%

M Nnt,4

0 .1

go 'o 'k u~4- Ny-4~ t~ I t

OL) _______"q ____P4_Ac

04 "1- --

lll~~lef~-4l 4 NI

3244



"V- 0 0

"44

0"4

~ 0 -P

H~4~"" "4 "4 P4
N bo -4 t ý4 4 '"4

00

$4 V4 0.aI

04 41--
P. =3 u i

5 325



-i Iv HI

I I 1 GoI lI

0 LAI I c c -

ac 1 0 C g4 " I n -
.ý .0 Il .2 hOtý

On 0,-.*0 In M ?OCV. Af'n

M Lf0-O in

Ln ~ 
M

>n I . a' I In lii

N rI H lii
41

ra.. 
000 n4

III II 1 14 -4

IMI tOýI Iii Iii I I $41 1 -

4-4 1.

0 U4.h -

-H 4J.

$4 r. tA 
0  O'4.

I u~

u-4

-r 0 -4 '. 4 1 4



-- 6 1 o

> 4-4 -44

ui I I I Ii I04 01 4.

z~

i iH

IL.i

4.'l

n v4* $4

144

V 41341

0 u u 11



U),r4 e4 V-0 In

r44

"4(

%a M 0 eq 0 -e

Li~~ OcI !11 i 0
nc s10 Nr4 0 0 "4 ".4

- a ~ LA"E'W 4 LA

0 "4

""4

anI

"z2J i~
~ .1

0u

I-4")

'0a

ch.

ý4,. !

>401

W M 0 4AG4go4 a4 W 84::
4J 1 0.. 0.

U)q P J"4 64 4)"

) Id I p

a. > 4- a oP

32'8



C" -mr

C I-

000

oo #A4

I-
0L CD0
coI' 20--

I- rk U - -.
2E c (n

1-4 > Q (JO 0 ~ C.

LL. 0DLOL
V) E

0 U)

K~ 0U C)

1-4

C IW
w 0~L C Ur

tn t o S.U)3

>-. 1 0 (JO r- >-I u

(A I-

0j -) 4): . +I m C u 0 t a
CI 3 a )w L=5ýEC

F K 0 C'L. 1 c - 4 f D it
_j C M M LO U cj c c329 ext ageisbak



DISTRIBUTION LIST

No. of
Copies Organization

12 Commander
Defense Documentation Center
ATTN: TCA
Cameron Station
Alexandria, VA 22314

Commander
U S Army Materiel Development and

Readiness Command
ATTN: DRCBSI-L
5001 Eisenhower Avenue
Alexandria, VA 22333
Commander
U S Anrty Materiel Development and

Readiness Command
ATTN: DRCPA-S

5001 Eisen ower Avenue
ATexandria, VA 22333

2 Director
U S Army TRADOC Systems Analysis

Activity
ATTN: ATAA-SL/ATAA-T
White Sands Missile Range, NM 88002

2 Project Manager
BLACK HAWK
ATTN: DRCPM-BH-QP (Mr. Payne)
St Louis, MO 63166

2 Chief
Defense Logistics Studies

Information Exchange
U S Army Logistics Management Center
ATTN: DRXMC-D
Fort Lee, VA 23801

Commander
U S Army Concepts Analysis Agency
8120 Woodmont Avenue
Bethesda, MD 20014

Aberdeen Proving Ground

Ch, Tech Lib, Bldg 305

Dir, BRL, Bldg 328

Dir, HEL, Bldg 520

331

1.*

• . ---r- - .. °


