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Foreword

The Army aircraft accident rate for FY 79 wee 6.2 per
100,000 flying hours. This ie the lowset rate for the Total
Army since the beginning of a formal aviation accident
prevention program in 1868,

This ls a perticularly significant acc: ment consid-
ering that it waes achieved while flying under reelistic
conditions during incressed involvement In field treining
exerciess.

Credit for this fine record goes to everyone in Army
avistion who enthusiastically accepted and supported the
avistion accident prevention program.

Today, manpower and equipment resources are
carefully budgeted. Every loss due to en aircraft mishap
immediately reduces the effectiveness of our
combat-ready force. As a conssquencs, ali avietion
resource managers—at unit, instalistion, MACOM, and
DA levels—must continue to assign a high priority

to the requirement to eliminate mishaps.

This fourth annual report was prepared to give aviation
resource managers detsiled information on inadequacies in
the Army aviation system that cause or contribute to
mishaps.

Any further improvement in the accident record will be
directly related to how well the “iessons leamed” in this
report are applied during the command decisionmaking
process and day-to-day unit operations.

This year's report has been expanded to include an
analysis of FY 79 aircraft incidents and the mishap history
of aircraft components that failed since October 1971.
Anslyses in these areas clearly point up the need to
broaden the scope of accident prevention programs to
include the prevention of not only sccidents but also
incidents and those mishaps that are caused by failure of
low-cost components.

%/m

EDWARD E. WALDRON il
Colonel, TC
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Executive Summary

This report provides aviation resource managers with an
opportunity to review, assess, and leam from man and
machine performance problems that are part of current
“real world” Army operations. It includes detalied lessons
learned conceming man snd machine failures that cause or
contribute to alrcraft mishaps and avistion system
inadequacies that cause or allow theee faliures to occur.

The 75 Army sircraft accidents reported snd investigated

during fiscel yeer 1979 formed the dats baee for this raport.
Three-fourths of these accidents occurred in utility and
obeervation aircraft, but cargo helicopters and fixed wing
asircraft accounted for most of the dollar losses. Neerly all
of the Army aircraft accidents/fatalities in FY 79 were in
accidents produced the ssoond largest number of injuries,
but thers wero no fatalities in thess crashes.

Twenty-three different aviation systemn inadequacies
were identified in the analysis. These system inadequacies
were ranked according to their overall level of importance
for prevention in decreasing order besed on a combination
of the following slements: frequency of occurrence, dollar
losses, severity of injury, and severity of elrcraft demage.
The top five svistion system inadequecies were (1)
inadequate motivational states, (2) fauity judgment, (3)
improperly designed equipment, (4) inedequats unit
treining, and (B) insttention. Thees genersi system
inadequacy categories sre operationsily defined and
diecussed in the report. The top five FY 79 system
inadequacies are identical to those identified in FY 78's
snalysis (reference 3) except for “inadequate unit
training,” which replaced “inadequate written proce-
dures.”

Prevention requirements based on analysis of FY 78 data
fall into four general arees: equipment deeign, human
performance ressarch/evaluation, written guidelines, and
flight treining. Specific prevention requirements for these
areas are detasiled in the last section of this report.

Three major needs repeated from last year: (1) develop-
ment and procurement of a helicopter wire protection
system, {2) research of problems involving sircrew division

of attention between fligt duties/test s during periods of
high workioad, and (3) provision far adequate guidence in
maintenance and fleld manuals.

Additionsl requirements indicated by the resuits of the
snalysis, but not directly related to accident cause factors,
inciude the following:

s A muiti-year analysis study similer to this report to
identify and rank long-term system inadequacies and
prevention requirements.

* An indepth analysis of each sircraft system and of
each major system inadequacy identified in this report.

¢ Development/procurement of an aircraft fiight/crash
data recorder

OAnnutomuddmmnformordlngwmofﬂbm
activity.

o improved written guidelines on—and enforcement
of—the requirements in AR 96-8 for reporting aviation
mishaps.

An analysis of aircraft incidents is In appendix G. This
analysis highlighted the need to make the prevention of
theee less severe mishaps an integral part of the overall
mishep prevention program. This need has particularly
been evident since 1974 when NOE and other modes of
terrain flight became a tacticel requirement. The first step
in preventing thess mishaps is thorough investigation and
detalied reporting in complisnce with AR $5-5.

The mishap history of 720 sircraft perts/components
that falled or malfunctioned causing or contributing to
mishaps during FY 79 ls in appendix H. This analysis
confirms the need to improve the reliability and
maintainabllity of these parts. Since 1 October 1971,
relatively low-cost parts have accounted for 64 accidents,
44 incidents, 248 forced landings, and 6,948 precautionary
landings.

In addition to the primary findings, this report provides
ressarchers, designers, aviation safety officers, and
aviation resource managers at all levels with the capabllity
to easily extract and analyze thoss man or machine
problems unique to a particuler speciaity area or field of
concern.




‘N

R

e

I

LAy ¢

B ik TS

S P B

e

B

#

e Lt MR T

o L Bl S

Ly ¥

Contents

L T T I 1
(1T 2
Rosults and DISCUSBION . .. ............viiniiuniiiiireiiiiiiiiiiisaiiaannes DRI |
Identification of Hazard Prevention Requirements ...............cccoviireinnnniisnnens 8
ROTOrONCEs . . ... .\.ueeeeineneneniananeneneneaeneens et 1
Appendix A—~TEIRandFIRECategories ...................ccciviiiiiiiennaininess 12
Appendix B — Distribution of Task Errors and Materiel Faliures

Across System Inadequacios/Hazerds. ...............ccviiiiiniinninn, 13
Appendix C— Distribution of Aircraft Acroes Fellure Categories...................... .4
Appendix D — Distribution of Aircraft Across System

Inadequacy/Hazard Categories. ................oc0vvuees Cereriiienias 18
Appendix E—Method. ...........coiiiiiiiinieiieiirnsinressesrenians Ceeeeeaaes 16
Appendix F—Narratives and Remedial Actions ................ccccoveiiiiiieninnenns 2
Appendix G—Analysisof FY 79Incidents ..............c.oceiviiviiiniieiieninniens 122
Appendix H—Mishap History of ﬁn Fallures ................... v eeratecreaarenas 154




(1
v

" AR,

~.‘h

_,,
St

i

A

o7 S 56y

1%

L Bk o

33

»
re

* e

PASOISAAT

N

[

LT P o, T} L - CI b Yane Ja-Ad

Ta mva'e ats lea e 4" wute"a¥ata

Andy*ofFYNAlmyAhcnlt.Acddulh

lmpduotlon

Army aircraft accidents are costly in terms of lives lost,
injuries, materiel losses, and mission degradation. In fiscal
yeor 79, aircraft accidents killed 18 pecple, injured 50, and
cost $38.4 million. Consequently, it is sssential that the
“lessons learned” from theee accidents be applied to
sliminate insdequacies in the aviation system, thereby
reducing accidental losses and improving operational
readiness.

This is the fourth annual report (references 1, 2, and 3)
simed at providing “lessons learned”’ to aviation resource
managers, supervisors, operators, support personnel,
ressarchers, designers, and others conceming the system
inadequacies causing or contributing to Army aircraft
mishaps. This report provides information needed to better
understand the strengths and weaknesses of the
man-machine relationship in daily operations and to
improve risk management.

Despite the rising costs of accidents, the Army aviation
accident prevention program for fiscal 79 was more
successful than previous years. The 76 major and minor
sccidents and the 5.2 accident rate per 100,000 flying hours
were the lowest in the recorded history of Army aviation.

DOD instruction 1000.19 classifies aircraft accidents
which result in a fatality; or the total destruction of the
sircraft; or a total cost of property damage, occupational
iiness, and injury of $200,000 or more, as Class A mishaps.
Using this criteria, the Army had 39 Class A mishaps during
fiscal 79 and a Class A mishap rate of 2.7 per 100,000 flying
hours.

Objectives
The primary objective of the analytical effort on which
this report is based is the same as that of system safety
programs: 10 maintain the highest level of operational
offectivensss through the conesrvation of aviation

tracking. Iti‘acbadloopupproochtoufotyim«mdto

identify, manage, and track aviation hazards from initial
occurrence to final elimination. The five stages of ICAFT
are described in appendix E.

intended Uses

This report is intended to provide key information to
aviation personnel in system safety programs, to make
Army-level management aware of aviation hazards and
mishap prevention requirements, to identify and direct
research and development requirements for current and
future aircraft, to determine areas of emphasis and need
for improvements in unit and school training, to identify
inadequacies and improvements needed in Army regula-
tions, fleld manusis, and other written guidelines that
direct human behavior, and to provide feedback to unit and
command personnel regerding avistion hazards and
suggested remedies. This information should increase the
avistion manager’s knowledge and awareness of current
problem areas in the operational environment, help him
maintain higher levels of intersst in aviation safety, and
provide him a tool in the area of hazard prevention.

This report also provides aviators, safety officers,
maintenance personnel, researchers, designers, and others
with the information needed to review, assess, and leamn
from man, machine, and environmental performance
problems that are part of current “real world” Army
operations, and analyze those men or machine perform-
ance problems unique t0 a particular speciaity area or field
of concern. For example, thoes only interested in a
particular type of system inadequacy, e.g., unit training or
improperly designed equipment, can easily access this
information for analysis by using appendices B end E. If a
particular type of asircraft, e.g., UH-1 helicopters, is the
sole concemn, then the data relevant to this materiel system
can be quickly isolated for review in appendices C and D.

it is generally accepted that funding for improvements in
sircraft hardware and personnel training will be limited.
The increasing cost of more sophisticated future aircraft
makes it imperative that these limited funds be well spent.
This report is designed to provide information to managers
at all levels to help them optimize expenditures.
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A brief outiine of the method used to prepare this report
is presented below. A more detailed explanation of the
maethod cen be found in appendix E.

Date Sowree. Dats used for this report were obtained
from an asnalysis of the reports on 76 Army sircraft
accidents occuiring in FY 79. The accident classification,
fatalities, injuries, and cost associated with these accidents
are summarized in table 1. Twenty of these accident
reports, prepared by field investigation teams, contained
insufficient information to determine definite cause
factors.

Definitions and Terminology

Ricketson 3W Approach - An approach to accident
analysis that requires the identification of what happened
(fallures), what caused it to happen (failure causes), and
what to do about it with respect to man, machine, and
environmental cause factors.

Human Esror or Task Error (TE) - Job performance which
deviated from that required by the operational situation
and caused or contributed 'to an accident. Required
performances includes that stipulated by (1) school training,
(2) on-the-job training, (3) U.S. Amy regulations and
guidelines, {4) standing operating procedures, or (5)
commonly accepted practices. An error is assigned only
when it is judged that a person of normal or reasonable
competence could have performed the task corractly in the
existing operational situation.

System Inadequacy (SI) - Condition resulting from an

element of the aviation system not operating as intended or
designed, which caused, allowed, or contributed to the
occurrence of a task error or materiel failure. An aviation
hazard consists of both man and machine failures and the
associated cause factor.

Remedial Measure (RM) - Action required to correct or at
least reduce the operational impact of an inadequacy. The
RM may be directed at any command level for
implementation and is not restricted by current technology
or budgetary, personnel, and equipment resources.

Accident Cost - Combination of the dollar losses incurred
as a result of eircraft damage, personnel injury, and
property damage.

Hazard Significance Level Analysis (HSL) - A mathematical
method for ranking hazards according to their overall
importance for prevention, using a combination of four
critical decisionmaking variables: frequency of occurrencs,
dollar losses, severity of injury to man, and severity of
hardware damage.

Class A Aircraft Mishap - A mishap in which a fatality
occurs; or the aircraft is totally destroyed; or the totsl cost
of property damage and injury is $200,000 or greater.

individual Analysls. As in prior years, individual
accidents were analyzed in accordance with the 3W
requirements and the concepts and procedures outiined in
chapter 11, AR 95-5. The method of analysis is further
explained in appendix E. Figure 1 shows the process used to
analyze each accident.

SEQUENCE OF ANALYSIS
IDENTIFY HUMAN DETERMINE CAUSE(S)] [SUGGEST ACTIONS | [PLACE FINDINGS
ERRORS AND/OR OF THE IDENTIFIED | | TO BE TAKEN IN 30 FORMAT.
ACCIDENT | |[WATERIEL FAILURES| [ERRORS AND/OR TO REMEDY
OCCURS THAT CONTRIBUTED || FAILURES. | cAusers. —
| TO THIS ACCIDENT.
2 3 ' 5

FIGURE 1. —identification of Hazards in Each individual Accidant
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Iin this report, the man and machine aspects of the
Ricketson 3W approach are examined (table 2). Environ-
mental factors are found to be causative or contributing to
the occurrence of a task error or materiel failure.

Accidents in which human errors were determined to be
definite factors were subjected to a TEIR analysis and
those involving definite materiel failure or maifunction were
subjected to a FIRE analysis.

The modeis used for the human error accident and the
materiel failure/maltfunction accident are shown in figures
1 and 2 of appendix E. Information from the TEIR and FIRE
analyses was then placed into a format designed for ease
of data coding, computer processing, and use in the
collective analysis.

Collective Analysie. Figure 2 shows the process by which
the collective analysis was accomplished.

A complete description of the HSL analysis is provided in
appendix E. The rationale and format used to develop this
analysis were modeled after reference 7, “‘System Safety
Program Requirements,” Mil Standurd 882A, 28 June
1977. A study titled ‘‘Engineering Analysis of Crash Injury
in Army Aircraft” (reference 5) also employed the same
general methodology to examine crash injury and aircraft

individusl Hazard Prevention Requirements. Preven-
tion actions either completed or in progress to aliminate or
reduce the impact of a system inadequacy have been
identified, reviewed, and integrated with the 3W narratives
on a case-by-case basis in appendix F. Consequently,
appendix F is an important safety tool in that it provides the
following information about sach accident case:

¢ The definite failures of man or machine.

¢ The elements of the aviation system that caused or
allowed the failures.

¢ Suggested remedial actions.

e Corrective actions completed or in progress.

Collective Hazard Prevention Requirement. The last
step was to identify the most pressing system inadequacy
prevention requirements. Selection of these requirements
was based on the HSL analysis and the expertise of safety
personnel at the Army Safety Center, e.g., engineers and
human factors specialists, investigators, and air safety
specialists. Many of the most effective remedies for
recurring human-related problems are often found in the
area of improved equipment design.

SEQUENCE OF ANALYSIS
DETERMINE FREQUENCY
— OF OCCURRENCE —
OF HAZARDS, 3
HAZARD
DETERMINE INJURY SIGNIFICANCE
COLLECTION, CODING
AND REVIEN OF ALL IDENTIFICATION OF | | SEVERITY OF HAZARDi. — [LEVEL ANALYSIS -
e FY. | {(HAZARD RANKING REPORT
I DETERMINE AIRCRAFT BASED ON A '
I 2| L_IDAMAGE SEVERITY  |—{ [COMBINATIONOF | 10
! OF HAZARDS. 5 ITEMS 3 THROUGH 6)| |
1
! 1
: DETERMINE COST OF |
! L HAZARDS. - I
[ 6 !
) 1
I 1
| |
' INTEGRATE CORRECTIVE ACTIONS :
i TAKEN OR IN PROGRESS T0 REMEDY t
! INDIVIDUAL HAZARDS, I
I, L I 4
IDENTIFY HAZARD PREVENTION
REQUIRENENTS '
FIGURNE 1, - Sequence of Oversil Analysls
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Resulits and Discussion

- @emeral. As noted earlier, the number of accidents (75)

and the accident rate (5.2) for FY 79 were the lowest in the
racorded history of Army avistion. Two prevaient cause
factors in accidents of past years were disorientation/
vertigo and fatigue/siesp deprivation. These factors were
nearly eliminated as causes in fiscal 79 and the last several
years. This indicates that “lessons learned” are being
applied and the strengths and weaknesses of the
man-machine relationship as it affects Army operations are
becoming better understood.

- Most of the aircraft accident dollar losses ($36.3 million)
and injuries/fatalities (68) for FY 79 occurred in “total loss”
classifications. This finding is not surprising; however, the
magnitude of losses (85%) accounted for by this accident
category is notable.

Frequency of accidents and cost by types of Army
aircraft are shown in figure 3. Aircraft types are presented
in order of accident frequency.

As shown in figure 3, two aircraft types, the utility and
obeervation helicopters, accounted for most of the Army
aircraft accidents (68%). However, most of the dollar
losses were the result of accidents involving cargo
helicopters and fixed wing (primarily OV-1) sircraft.

The number of fatalities and injuries by sircraft type are
shown in figure 4. Aircraft types sre presented in order of
injury frequency.

Utility, obeervation, mdumohdlcopt«ucewnudfor
the majority of fatslities and personnel injuries. While
obeervation aircraft accidents were responsible for the
second largest number of injuries, there were no fatalities
in thess crashes. Utility and cargo eircraft sccidents
scoounted for neerty all (78%) of the FY 79 fatalities.

‘: _‘-E"l

p g F

—] TOTAL INJURIES
I | INCLUDING FATALS)

- FATALITIES

d

FREQUENCY OF OCCURRENCE
3

T

UH OH CH AH W
FIGURE 4. —FY 78 injuries and Fetalities In Army Alrcraft
Accidents

Hazard Renking. Twenty-three different system inade-
quacies were identified in the 75 aircraft accident reports
analyzed. These inadequacies were rank-ordered using the
HSL analysis to determine their overall level of importance
for remedial action(s). The results of the analysis are
shown in table 3. Inadequacies are listed in decreasing
order of significance based on a combination of four
variables: frequency of occurrence, doliar losses, severity
of injury, and severity of aircraft damage. Methodology for
determining the meaning of the HSL indices, significance
grouping, and cost detsrmination can be found in appendix
E. For instance, index “B” refers to the number of times a
system inadequacy was identified in accidents. “I"
indicates “life threatening’ injury severity level, and “s"”
rafers to the alrcraft damege severity level of “totel loss.”
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Top Five System inadequacies. A general discussion of
the top five system inadequacies identified in the HSL
analysis is presentsd in this section. Each of the system
inedequacy categories is operationally defined and
discussed accordng to the ranking or priority shown in

table 3. _ lnfonmtloncanbeaullyobnlnod
mmgh“x.om&v ‘of esch 3W narrative case
presented in appendix F.

I. (mproper motivation or mood: command or peer
pressure, get-homelitle, etc. The HSL analysis in table 3
shows this inadequacy to be the top-ranked or most critical
problem in Amy eircraft accidents during FY 79,
accounted for more than $1.6 million dollars of FY 78
accident costs. The human errors caused or contributed
to by this inadequacy are shown in table 4.

The human errors in table 4 were most often committed
by pliots or instructor pliots in utility helicopters on service
or training miesions. Thess errors are not new to Army
avistion. Generslly, these errors were knowingly com-
mitted by experienced avistors who sliowed the per-
formence of their duties to be adversely affected by an
oxoessive desire (1) to Impress peers or supervisors, (2) to
seve time by teking & shortcut for personal or job-related
reasone, or (3) to compiete the mission. These findings are
similer to those in the FY 78 report (reference 3) in which

analysis.

Faulty Judgment. Faulty judgment was the second-
ranked Inadequacy during FY 79, It accounted for $1.6
million in avistion resource iosses. The most frequent
human errors assoclated with fauity judgment are shown in
table 8.




The human errors associated with faulty judgment are
also not new to Army aviation and are similar to those identi-
fied in the FY 78 report (reference 3). They generally involve
errors in making decisions which require accurate
estimations of speed, height, and distance, and true
assessment of aircraft/aviator capability at low altitudes.
For these decisions, the aviators either lacked the
information needed or inadequately used the information
available. The decisionmaking problems noted above most
often involved experienced pilots of utility aircraft on
training missions. This finding differs from the results of the
FY 78analysis in which observation helicopter pilots were
found to be committing these decision errors most often.

Ill. Equipment Improperly designed for required
operation. Improper equipment design was the third-
ranked inadequacy and, while occurring less frequently, it
was the most costly ($7.9 million). Human errors, as well as
materiel failures, caused or induced by the inadequate
design of aircraft equipment are presented in table 6.

In the FY 78 report {reference 3) more than half of the
improperly designed components in accidents were in
OH-58A aircraft. This finding was not repeated in FY 79,
when more than half of the system inadequacies involving
improperly designed equipment occurred in utility and
cargo aircraft. The types of human errors and machine
failures caused or contributed to by inadequately designed
aircraft equipment were widely distributed (see table 6).
Generally, materiel failures involved engines and trans-
missions, and human errors involved improper tasks,
committed by experienced pilots on aircraft controls, that
were induced by equipment configuration.

V. Inadequate unit training. inadequate unit training
was not one of the top five system inadequacies in FY 78.
However, in FY 79 this inadequacy was ranked fourth and
accounted for 84 million in resource losses. The human
errors associated with this inadequacy are listed in table 7.

Most of the human errors caused or contributed to by
inadequate unit training involved formation flight or
environmental factors. These errors were not peculiar to a
particular type of aircraft or duty position.
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TABLE 6. — Equipment improperly Designed for
Required Operations

P Materiel Fallure or Humen Error

H-1H engine faflure resuited when the accessory drive
gear shatft (P/N 1-070-140-1) sheared through fatigue
chan ‘ . Normal operating loads acting upon
Wil d sharp adges crested streas risers in the

mmwmmm

snigine fellad (first-stage gos producer turbine
), /N 1-100:880-01) because the design of the
+otor-biade is such that it ellows dirt build-up
mmm This dirt build-up causes
rient of the biade position eventuslly
Mhhhdnoudmoomnndmvblmm

", {OH-85A engine fature resuited from fatigue failure

!blollr cluster apur, P/N 6854148, The gear does

UH-1HMwomlnqsvmm(rlghtfuolﬂowah

-|P/N 204-260-654-1) malfunctioned. The fuel boost

warning system signais failure when the pump has
not failed.

CH-47C combining transmission (P/N 114D5200-2)
falled. The spiral bevel gear separated from the geer
flange bacause the connection allowed fretting
and cracks to occur adjacent to the bolit srea and

ol separation.
{YCH-47D torward transmission oil cooler fan failed
{fan blades cracked and separated). The current
aircraft configuration is designed so that the aircraft’s
normal operating rpm places the fan in resonance.

‘ JCH-84A main rotor system failed. The horizontal pin,

P/N S1510-23090-1, NSN.1615-00620-4868, failed
because the design specifications provide for a
thickness insufficient to prevent -

-1S pilot conducting contour flight improperty
divided his attention between the tasks inside and
outside the sircraft because of the cockpit configuration.
The pilot was unable to property divide his attention
between operating the tacticai FM radio controis and
maintsining adequate visual contact outside the

slrcraft because the ECAS version of the AH-1S

g Hght allows an aviator to unknowingly or
arm the sutofeather switch, A visusl
, system will not allow the pilot to
ot immmpoduonmdthommugh*
'Mumhmpmmﬁm

TH-B5A student pilot inadvertently increased coltective
e retarcing throttie and override during a practice
protation. The hand action required to place the
Dttle in override and hold it there against spring

On 0N cause thie inadvertent action (increased
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V. inattention. The fifth-ranked inadequacy, inatten-
tion, was a definite cause factor in accidents, accounting
for $2.3 million in resource losses. Table 8 lists the humen
errors associated with this inadequacy. Theee errors were
committed by experienced aviators, but were not peculisr
to an aircraft type.

Accidents involving this inadequacy occurred when the
avistor's task loading was high, e.g., during hover,
landing, and low-level flight. Most of the errors.committed

B MR AN S e Sn e o Bt A s s et Jane - ML SN
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by pilots or instructor pilots during this high workload
condition involved channelizing or directing too much
sttention to objects or events tsking place inside the
cockpit. Unlike FY 78, operating controls or monitoring
instruments, rather than concentrating on maps, instruc-
tions, or other factors, were the tasks ingide the cockpit on
which their attention was channelized or excessively
diverted.
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Identificatio’ of Hazard Prevention
Hequirements

Management Level. The avistion system inadequacies
fisted in renk order in table 3 were anatyzed to determine
pressing prevention requirements which affect the
efficiency and safety of operstions. A listing of these
requirements is provided below. These requirements are
based on the HSL anslysis and the expert judgment of
human factors and materiel specislists and sircraft system
managers at the Army Safety Center. The requirements
repressnt prevention needs for FY 78. A number of actions
has been taken, is in progress, or is being considered.
Some of the more effective remedies to prevent the
recurrence of human-related problems are found in the
area of improved equipment design.

FY 79 Hezard Prevention Regquirements for Army
Avistion

Requirement Ares e
A. Equipment Design (Hazards 1, 3, 5, 6, 9, 10 in table 3)

1. Wire Strike Protection.

¢ Expedite procurement and fielding of wire strike
protection systems for the OH-58, UH-1, and AH-1.

© [nitiate research and development programs to
develop wire strike protection systems for the UH-60 and
AH-84.

e Continue efforts to determine the feasibility,
practicality, and cost effectiveness of equipping Army
helicopters with a wire or wire-like object detection system.

2. AH-1S. Evalugte the need to relocate the FM
radio from its present position in the AH-1S to a cockpit
ares thet does not require the pilot to reach forward and
around the cyclic for operation. This would be particularly
important during terrsin flight when there is a significant
need for vigilance outside the aircraft and the copilot
cannot aseist or the task assignments are not clear.

3. UH-1. Redesign the UH-1 fuel boost warning
system to eiiminate fales waming indications.

4. OH-B8.

* improve the OH-88 engine (T63-A-700) gear cluster
spur, P/N QBBA149, to include increased strength,
sdequecy of meshing, end lower vibration levels.
(T63-A-720 engines heve incorporated these improve-
ments.)

prevent corrosion failures.

7. OV-1, Rodesign the OV-1 autofesther/synchro-
phaser switch to one that doss not cause the users to
inadvertently arm the autofeather system, snd repoeition
the autofeather/speedboard wamning light to a place where
itis not difficult to see.

8. General. Develop 8 program to insure known
safety-related materiel deficiencies intentionally installed
on aircraft when parts are not available are monitored to
preclude failure.

B. Human Performance Research/Evsiuation (Hazards 1,
2,4,5, 11, 12in table 3}

1. OH-58. Reevaluate the OH-58 crew requirements
based on today’s scout missions, flight environment, and
task workload.

2. OV-1. Determine if a valid requirement exists for
pilots of OV-1 aircraft to conduct formation flights.

3. General.

o Perform ressarch to identify the most critical causes
of improper division of attention between flight duties in
rotary wing aircraft and develop corrective actions to
reduce or eliminate problem, i.e., heads-up display.
Particular emphasis should be directed toward flight modes
of high task workioad.

¢ Evaluate the need to upgrade procedures/training
provided avistors with regard to proper methods of
avoiding or coping with reduced visibility problems
encountered when hovering/taxiing over snow or dusty
terrain,

¢ Perform ressarch to identify, define, and rank the
task performance probliems of avistors (instructors, pilots,
and students) during actual and simulated autorotations.

® Perform ressarch to identify, define, and rank
problems involving rotary wing instructor pilots improperly
monitoring the performance of piiots to such a degres that
safe operating conditions are excesded. Particular smpha-
sis should be directed toward tha higher task workload
situations, s:ich as training for simuleted emergency
conditions.

¢ Develop safe operating parameters and guidelines
for helicopter operations in the vicinity of parachutes.

¢ Develop research effort to determine the inatru-
ments/procedures/training techniques needed to enhance

3 ® Redesign the OH-88 tll rotor pitch change  pilot capabliity to accurately estimste clearance/closure
’ mechenism or revies maintenance procedures to prevent  rate and correct control inputs, especially during eutorota-
: improper instalietion. tions.
> 8. CH-47. C. Written Guideiines (Hezards 1, 3, 2, B, 8, 22in table 3)
¢ Modify the CH-47 spiral bevel gear connection to 1. AH-1. Revise TM B8-1520-221-20 (AH-1) to
. the gesr shatt flenge to & connection that does not sllow  require a check of the torgue of the tall rotor gearbox
fretting and cracking to oocur adjscent to the bolt holes, sttaching boit during every phase inspection or PE, and
o ¢ Redesign the YCH-47D forwerd tranemiesion off  after first flight following any 90-degree gearbox Installe-
3 oooler fen so thet the sircraft’s normel operation cannot tion,
N place the fan in resonance, causing eventusl fallure. 2, UH-1. i
:;4 €. CH-84. Redesign the CH-B4A horizontal pin inmain ¢ Revise TM B5-1520-210-23 (UH-1) to include, at unit W
a3 rotor system 10 require # plating of sufficlent thickness to  and intermediate maintenance levels, the requirement to P )
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messure each trunnion bore and trunnion pin, and to
conduct a spring pull test of assembled parts.

¢ Evaluate the need to change TM 65-1620-210-10
(UH-1) in the area of loss of effective tail rotor thrust with
no break in drive systems, particularly at out-of-ground
offect hover altitudes to provide prescribed recovery

3. OH-88.

® Revise procedures in TM 55-1520-228-23 (OH-58)
with a “WARNING” note or other means to insure the
pitch control tube and key are not forced through the
control housing.

* Reviso TM 55-1620-228-23 (OH-68) to give tall rotor
rigging procedures to eliminate difficuity and increase the
degree of accuracy within design tolerances.

4. General.

o Evaluate the adequacy of TC 1-13 (Hot Weather
Flying Sense) and FM 1-51 (Rotary Wing Flight) in the ares
:fa.'wndlmmypvm in night/dusty opers-

* improve field investigations and reports of mishaps
10 insure sufficient information IAW AR 96-5 is provided to
adequately identify for remedial action the “fallures thet
cause or contribute to an accident,” as well as the avistion
“gystem inadequacies or conditions that induced the
fellures.”

* Evaluate the adequacy of written guidelines on the
subject of required clearance between sircraft in refueling
sreas and the need to include perking and meneuver
clesrance requirements in FM 1-108 (Avistor's Hendbook)
and TC 1-138 {UH-1 Alrcrew Tralning Manual).

* Reviss FM 1-81 (Rotary Wing Flight) to Include
detalied duties for each crewmember with perticular
emphasis on the taske and ocoordination required in
maeintaining constam externel surveiliance during terrain
fight operatione, l.e., radic frequency changes and
tranefer of aircraft control.

¢ Review the current reguistions and manuals to
determine the adequacy of guidance provided to avistors
regerding authorized and unauthorized terrain fiight.

o Evaluate effectivensss of programe deeigned to
ineure aviator compliance with written guidelines establish-
ing required terrain flight procedurse, especially with
regerd to uneuthorized terrain fl

D. Wolqhundhlmoo(ﬂmglln table 3). Inveetigate

methode/Instruments for the esee and acourscy
of caiculating weight and belance and aircrsft perform-
ance, l.e., better performance charts and electronic
E. Fiight Training (Hazerds 1, 2, 8, 20 In table 3)

1. AH-1, Provide additional training in power
recovery techniques to AH-1 instructor pliots by using the
AH-1 vieual simulator, 1.e., recovery during low and high
rate of descent conditions.

2, OH-B8. Bvsiuste the adequacy of the OH-88
aviator instrument training program which aliows the
majority of training to be conducted In the UH-1 synthetic
flight training system (SFTS). Perticular emphasie should
be directed toward evaiuating all Instrument tasks to

determine which should be performed in obeervation
aircraft and which have adequate transfer of training
benefits to be performed in the UH-1 SFTS. The annual
20-hour SFTS requirement for observation helicopter pilots
should then be modified based on the task evaluation of
instrument flight rquirements.

3. General.

© Improve IP/SIP monitoring of nonstandard maneu-
vers performed by pilots who are under instruction/evalua-
tion in more than one aircraft. This is particularly important
for pilots being influenced by a combination of factors from
different aircraft such as different standard maneuver
requirements, procedures, techniques, and fieids of view
from the cockpit.

o Assess/evaiuate the adequacy of current training in
the ares of proper division of attention between flight
tasks/duties inside and outside the aircraft during high
pilot task workioad conditions, i.e., hover, landing,
sutorotation, and confined area training in various
environmental conditions.

® Provide school training, through the use of flight
simulators, for instructor pilots regarding the correct
procedures for low level, low rpm recovery from
sutorotations.

* Upgrade aviator rotary wing training to provide a

. better understanding of aircraft performance capabilities in

the aress of (1) power required versus power avaiiable, (2)
interpretation of tail rotor problems, and (3) actions to take
when tall rotor effectiveness is lost.

The requirements listed above provide insight into safety
needs and each should be clossly monitored and managed.
Following are arees in which these requirements should be
considered:

1. Ressarch and development for current and future
alroraft.

2. Emphasis and direction to upgrade training st unit
and school levels.

3. Unit and Army-wide accident prevention pro-
mml

4. Evalustion and revislon of Army regulations,
technical menuals, fleid menuals, and other written

guidelines that direct human behavior.

Unit Level. Remedial actions or prevention requirements
for which a unit has primary implementation responsibliity
are given on a case-by-case basis in appendix {. In addition
to indepth Information relevant to individual unit problems,
appendix F also gives detalied data on Army-wide aviation
problems. The hazerd data presented In this appendix
provides unit-level personnel with the information needed
to eselly perform different kinds of reviews, analyses, or
asssssments of “reel worid”’ hazarde in Army operstions
that are unique to the primary concerns of a unit.

Theee remedial actions were developed by the socident
investigation boerd on an individual case baele and should
be carefully considered. However, thess remedial actions
are not intended to (1) be alkinciusive, (2) represent the
sctions that specialiets in the behavior of man or materiel
might select, or (3) be identical to remedial actions thet
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would result from a collective analysis of a problem area.
Other effective corrective actions may be developed and
implemented at unit level. Appendix F also includes
information on mishap prevention actions which have been
completed or are in progress.

Other Requirements. The resuits of this study support
several other requirements. A multi-year study similar to
this report should be performed to determine long-term
avistion system inadequacies and mishap prevention
requirements. Consideration should also be given to
developing research efforts aimed at providing indepth
snalysis of each aircraft system and each of the major
aviation hazards identified in this report.

One of the most common recommendations made by
accident investigation boards was 'to inform personnel of
problems encountered through communications media.”
Communications media like FLIGHTFAX are invaluable for
giving field personnel information on aviation hazards. The
data in this report support the need for the Army Safety
Center to continue current efforts in publicizing major
aviation hazards through articles, publications, training
films, and other communications media.

The final needs indicated by the resuits of this study
involve aids to accident investigation and analysis;
specifically, an onboard flight/crash data recorder, an
automated data system for recording aviator flight activity,

" and improved written gudelines on—and enforcement

of —the requirements in AR 95-5 for reporting aviation
mishaps.

Like those of past years, this analysis indicates that
improvement in the quality and specificity of data, i.e.,
“real time” data, is required. Without an improvement in
data, accidents will continue to occur from repeat causes
and few safety improvements or advancements will be
realized beyond the present plateau.

An onboard fiight data recorder woulid, for the first time,
provide invaluable ‘“real time’ information about the
aircraft. This would reduce (1) subjective ‘‘guesstimations”
and the resultant number of nonspecific, inaccurate, or
erroneous findings, and (2) the number of accidents in
which insufficient information was available to determine
definite causes. The flight data recordet could also reduce

the cast and time for mishap investigations.

Human error, particularly pilot error, continues to be
largest problem in Army aircraft accidents. Data con-
cerning the adequacy of aviator skill development and
maintenancs in terms of (1) total amount of flight experi-
ence in different types of aircraft, missions, and tasks, and
(2) the recency of hours flown and distribution of practice
for these hours in different types of aircraft, missions, and
tasks, are essentisl ingredients for understanding these
aviator-related problems. Automation of the aviators’ fiight
activity data would improve the accuracy and speed with
which such valuable information can be gathered.

Without this basic data, it is difficult to adequately
monitor the pulse of aviator flight experience and make
informed decisions regarding important aviation resource
management questions. For exampie: Are there differences
in the types and amounts of flight experience of aviators
involved in aircraft accidents and those who are not?

How do we know if or when the flight and training
experience of the Army aviator population in various
aircraft, missions, and tasks fall below that minimally
required to be prepared for future threats?

How can we determine how the kinds of flight
experience used to develop and maintain aviator skills have
changed in the last 10 years?

How can we determine the specific effects of reduced
flight hours and aviator manpower on the overall, as well as
specific, kinds of aviator skills and level of experience
available for Army-wide operational mission sffectiveness?

Automation of aviator flight activity data is a key to
answering these questions. However, while this flight
activity data is one of the few available measures of general
aviator performancs, it is not centralized and automated as
are similar types of aircratft information.

Decision-level considerstion should be given to an
onboard flight/crash data recorder and the automation of
aviator flight activity data. Some efforts are underway. An
Alrcraft Accident Information Retrieval System (AIRS) has
advanced to the prototype “brass board” stage at the
Applied Technology Laboratory of the Research and
Technology Laboratories (AVRADCOM). Also, OUCSOPS
has contracted for automation of the aviator flight activity
records.
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Data Source
Data used for this report were obtsined from an analysis
of the reports on Army sircraft accidents. Damage, injury,
fatality, and cost associated with these sccidents are
summarized in table 1 on page 2.

Objective

The primary objective of the analytical efort is the same
as that of system safety programs: t0 meaintain the
highest level of operational effectivenses through the
congervation of avietion resources by early identifi-
oation, evaluation, and correction of system inade-
quacies. This objective is asccomplished through an
intensive five-stage safety management program calied
ICAFT. ICAFT refers to investigation, eomputerization,
anslysis, feedback, and tracking. It is a closed-loop
spproach to safety intended to identify, manage, and track
avistion hazarde from initisl occurrence to final elimination.
Foliowing are the five stages of ICAFT:

1. Hamard investigation. This stage is accomplished
on an individusl cese basis through sircraft eccident
investigations using the “Ricketson 3W aspproach”
(reference 4). This approach requires isciation of fellures
(man or machine} that are cauestive to an sccident.
Additionslly, the Ricketson 3W approach empioyed by the

Army Sefety Center takes 8 significent step beyond meany .

programs in accident investigetion: by siso requiring the
isolation of the “‘root causes” —the factors thet cause or
contribute to the fellures. The approach incorporates
multiple causstion and requires the setablishment of a ink
batween fallures and fellure ceusss. This reduces the
circular arguments 30 often posed on who is to bleme for

prevention

2. Compwterination. All information collected on
follures and fellure couess is processed into the Army
Sefety Conter computer data bese. Thus, data on man or
machine probleme sre centralized and can be easily
acosesed and anelyzed.

3. Amslysls and Ressarch. The hazards in the
contrelized deta baee sre collectively snalyzed on & yeerly
and muitiyeerly basis to (a) identify, define, end determine
the magnitude of the problem presented by hezards, (b)
prioritize the hezerds identified in terms of high peyoff
potentiel or thoee aress having the most pressing need for
proventive actions, end (c) identify additional corrective
sctions needed, |.e., remedial sctions not sppropriate or
defined well encugh from the singie oocurrence of a
hezerd,

4. Feedback. The hazards identified and prioritized are
then transmitted through technical reports, interagency
coordination, and other means to the various agencies
responsible for corrective actions, e.g., Army command,
human factors and materiel research activities, aviation
schools, and media specialists.

5. Tracking/Action. The Army Safety Center has a
system manager for each type aircraft (UM, OH, AN, etc.).
These system managers are responsible for initiating,
tracking, and coordinating corrective actions above major
command level to be taken on human and materiel
problems identified through individual and collective
accident analyses. This type of hazard management
insures that prevention requirements are systematically
managed and do not ‘’drop through the crack.” The resuits
of this corrective action tracking system sre also being
computerized.

individual Analysis
The sircraft accidents were investigated and analyzed

Figure E-1 presents a model of the human error accident.

The premise of this model is that when one or more of the
12 basic elements of the aviation system do not operate ss
intended, an overioad (item 13) is placed on the man’s role
in the system (item 14). That is, the man must continue to
perform normal tasks while correcting for the abnormal
system condition. if the overioed ls of such magnitude or
persistence that the man cannot cope with it and continue
to perform normal tesks, he begins to make errors (item
18). Most of thess errors do not result in an accident (hem
16). But, ss the magnitude and frequency of errors
Incresse, the likelihood of the error causing en accident
Iincresses. When an accident occurs that has been caused
by & human error{s), it is probable that this error hes
occurred many times before the accident happened. Aleo,
it le Hikoly to continue to ocour unises some remedial action
ls taken to correct the system inadequacy causing the
error,
This basic model wes used to develop the approach
outfined in table E-1. The approach requires the socident
investigation boerd to identify what happened, what
caueed or allowed It to happen, and what to do about i
{3W) with respect to man, machine, the environment, end_
thelr interaction. This report only sddresses the men and
machine cause factors.
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5 FIGURE E-1. —Model of Human Error Accident
b
o )
iy ] TABLE E-1. — 3W Approach to the investigation, Anslysis, and Prevention of Accidents
o | jAcckiont Caves What Happened Whet Caused It Whet %0 do About it | Acronym
-’1 mieied . - -
E ‘ System Jnadequecies | Remedisl Messures | TEIR
2 | Systom Jradecuecies | Remedial Messures | FIRE
b
. Human Error. The acronym for the 3W approach to the Materiel Fallure. The 3W approach relating to materiel
investigation, analysis, and prevention of human error failure/malfunctions is also based on the conceptual
_" accidents is TEIR. The slements of TEIR are defined as framework adapted from Ricketson’s (1876) model. Figure
:“-{ follows: E-2 presents a model of the materie! failure/malfunction
- 1. Atask error (TE) i ob performance which deviated ~ *S0et
e from that required by the operational situation and @ acronym for the 3W spproach to the investigation,
< caused or contributed to an accident. Required analysis, and prevention of mishaps caused by materiel
- equ failure/malfunction is FIRE. The elements of FIRC are
) performance includes that stipulated by (a} school defined as follows:
il training, (b) on-the-job training, (c) U.S. Army
.,3 regulations and guidslines, (d) standing operating 1. A matorl::'fatilt:ro)/malfunct:on (Flisa comt;:or‘wnt(:;
ﬁ? scedures, or (8) commonly @ ted 100. system that (a) ceases 7 operate entirely,
Y An error Is assigned only when it is Ju d: odmth! ot 8 operates, but not as designed or intended, (c)
X operates as designed, however, operational needs
person of normal or reasonable compstence could require enhanced performance. A materie! failure/
- have performed the task correctly in the existing malfunction is considered for analysis only when It is
) operational situstion. judged to have caused or contributed to the mishap,
-~ 2. A system Inadequecy (1) or hazard is an element of not resulted from the mishap.
: :,; the aviation system that did not operate as intended 2. Asystem inadequacy (!) is an element of the aviation
‘o or designed. An | is sssigned only when it Is judged system that did not operate as intended or designed.
%Y to heve caused, allowed, or contributed to the An [ s assigned only when it is judged to have
e occurrence of & TE. More than one | may be caused, allowed, or contributed to the occurrence of
D sseigned to a given TE, an F. More than one | may be assigned to a given F.
X 3. A remaedisl measure (R) Is an action required to cor- 3. A remedial measure (RE) is an action required to
'-.; rect or at least reduce the operational Impact of an correct or at last reduce the operational impact of an
N inadequacy. The R may be directed at any command inadequacy. The RE may be directed at any
= fevel for implementation and is not to be restricted command level for implementation and is not to be
' by current technology or budgetary, personnel, and restricted by current technology or budgetary,
N equipment resources. More than one R may be personnel, and equipment resources. More than one
h Y recommended for a given inadequacy. RE may be recommended for « given inadequacy.

17
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5 FIGUAE E-2. —3W Model of Mishap Caused by Materiel Falhure/Malfunction
g SEQUENCE OF ANALYSIS
= (DENTIFY HUMAN DETERMINE CAUSE(S)| |SUGGEST ACTIONS PLACE FINDINGS
3 ERRORS AND/OR OF THE IDENTIFIED T0 BE TAKEN IN 3% FORMAT.
2 ACCIDENT WATERIEL FAILURES] |ERRORS AND/OR TO REMEDY
, OCCURS THAT CONTRIBUTED [—1 FAILURES. — CAUSE(S). —
2 . TO THIS ACCIDENT.
- 2 3 (] 5
FIGURE E-3. - identification of Hesards in Each individual Accident
! individual Accldent Anelysls. Figure £-3 shows the definition, the “major’’ accident classification was divided
P goenersl process by which the individual anelysis of an into two groups— “major total” and ‘major substantial.”
s accident was acoomplished. The “major total” classification refers to those “‘major”
1. Accident Occurrence. Once an aircraft mishap accidents in which the alrcraft wes damaged to the extent

,‘: occurred, the mishep clessification wes determined IAW that repair would not be feasible. The “major substantial”
% procedures outlined in AR 385-40, Accident Reportingand  (usually referred to as “‘major” only) classification refers to
% Records. This AR fets five principel sircraft mishep those “major’’ accidents in which a substantia! amount of
a clessifications: (1) mejor socident; (2) minor sccident; (3) demge wee done.

incident; (4) foroed landing; end (B) preceutionery lending. 2. Identify Human Errors and/or Materiel Fallures. The
by This ruort will inciude only those misheps falling Into the firet step In the identification of hazards In ssch scoldent

wae to determine what happened, 0.g., what human errors
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and/or materiel faillures/malfunctions occurred that
contributed to THIS accident. This was done using the
concepts and procedures outlined in AR 95-6, chapter 11.
According to these procedures, all duty positions and all
hardware systems would be investigated to determine if
any contributed to the accident. Only those fallures
{human errors and materiel fallure/malfunctions) that
directly contributed to the accident were considered for
this report.

Accident investigation and reporting are ususlly
divided into two major phases: precrash, which includes
everything up to and including the accident sequence; and
postcrash, e.g., the survival and rescue phase. Only those
human errors and materiel fallures/maifunctions that
caused/allowed/contributed to the precrash phase of the
accident were considered for this report. The definitions of
these human and materiel fallures were previously given.

3. Determine Causels) of identified Errors and/or
Failures. When the human errors and/or materiel failures/
melfunction had been identified, the next step was to
determine what problem within the aviation system (refer
to models in figures E-1 and E-2) caused or allowed the
error or failure. Often it is possible to identify what
happened (error that was made or part that failed) but not
what caused it. This lack of information can be attributed
to several things: (1) catastrophic accident in which ali
occupants were killed and physicai evidence (aircraft) was
destroyed; (2) human error that cannot be traced to an
individual, e.g., maintenance personnel at elther unit or
overhaul faciiity incorrectly routed hydraulic lines; (3)
cause of component fallure could not be determined by

teardown analysis facility; {(4) board could not identify any
definite human error or materiel failures.

4. Suggest Remedial Measures. Once the failure
and/or error had been identified and the problem within
the system that caused or allowed it had been determined,
the next step was to suggest action to be taken to remedy
the system problem. This remedy can be aimed at any level
of command as it is not bound by current manpower,
budget, or state-of-art limitations. Also, more than one
remedy may be needed to solve the problem or reduce its
effect on operations.

6. Place Individual Findings Into 3W Format. Category
numbers (see appendix A) were assigned to each
contributing error or failure, its cause(s) and associated
remedial measure(s). This procedure requires that all the
basic information concerning each accident be coded into
a form that lends itself to computerization. These basic
elements include type aircraft, duty position, accident
classification, materiel costs, injury costs, etc.

Collective Analysie. Figure E-4 shows the process by
which the overall analysis was accomplished.

1. Collection, Coding and Review. When each
individual accident had been reviewed and a 3W analysis
completed for those containing sufficient information, they
were collated for a collective analysis.

2. Hazard Identification. All system inadequacies that
occurred in FY 79 are identified in table 3 on page 11.
These were identified by system inadequacy or hazard
category (appendix A) and presented by frequency of
occurrence. Based on the philosophy of the model of

SEQUENCE OF ANALYSIS

DETERMINE FREQUENCY
——10F OCCURRENCE —
OF HAZARDS, 3

HAZARD

COLLECTION, CODING,
AND REVIEW OF ALL
FY ACCIDENTS FOR

IDENTIFICATION OF
ALL HAZARDS

DETERMINE INJURY
—{SEVERITY OF HAZARDS. | —
4

SIGNIFICANCE
LEVEL ANALYSIS

REPORT

OCCURRING IN FY. [

— (HAZARD RANKING

WHICH A 3N ANALYSIS
COMPLETED.
1

2 DETERMINE AIRCRAFT
— DAMAGE SEVERITY —
OF HAZARDS. S

BASED ON A

COMBINATION OF 10

ITEMS 3 THROUGH 6)
7

u DETERMINE COST OF
HAZARDS.

INTEGRATE CORRECTIVE ACTIONS
TAKEN OR IN PROGRESS TO REMEDY
INDIVIDUAL HAZARDS.

L 10 J

IDENTIFY HAZARD PREVENTION
REQUIREMENTS

FIGURE §-4. — Sequence of Overall Analysis
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figure E-1 or E-2, any problem that occurs once is likely to
occur again. For this reason, no hazard or system
inadequacy is eliminated because of a low frequency of
occurrence.

3-6. Elements Used for Determining Hazard Significance
Level.

a. Ranking According to Frequency. Each
system inadequacy category was evaluated based on
frequency of occurrence and placed in the appropriate
frequency index shown in table E-2. The format and
rationale for this frequency ranking procedure were
modeled after reference 7.

b. Ranking According to Injury Severity. Each
system inadequacy was evaluated relative to the severity of
the injuries associated with it. This evaluation placed each
system inadequacy into one of the injury severity ranks
shown in table E-4. The rationale and format for this
ranking procedure was taken from reference 7.

TABLE E-2. - Systom Hazaed Proquency Ranking

% Reasonably frequent x ' g‘zl-czsb-fJ
" C | Occasionsl 06<£0.1

o “Remote . 1 01<f<.06
Lt improbeble o f201

'fhdtﬂnduﬂnmmmvofmnlm

¢. Determine Aircraft Demage Severity. Each
system inadequacy was evaluated relative to the severity of
aircraft damage associated with it. This evaluation placed
each hazard into one of the ranks shown in table E-4.

d. Determine Cost of Hazards. Each of the system
inadequacies was evaluated relative to the costs associated
with it. This cost is the sum of gircraft damage, injury, and
property damage costs. These costs were proportioned by:

System Hazard Cost = Total Cost of Accident
Number of System Inade-
quacies Identified in the
Accident

For Example:

Case #215 System Inadequacy Cost
= $93,460
4
System Inadequacy Cost
= $23,366

The method used to arrive at the doller cost asso-

ciated with each inadequacy category involved the addition
of all dollar costs of the cases in which a particular inade-
quacy was a factor. This approach assigns the same dollar
cost weight to each system inadequacy identified in the
accident. No attempt was made to apply differential
waeights to the system inadequacies (cause factors).

7. Overall Ranking of Hazards (HSL Analysis). The
results of evaluating each inadequacy according to its
frequen<y and severity {as described above) were used to
place the inadequacy into overall significance groups.
Frequency and severity rankings of each inadequacy were
weighted equally in this process. Table E-5 indicates how
all inadequacies were placed into one of 10 significance
groups as determined by the combination of frequency and
severity indices.

TMM-—MD-!..MW

Resufts in totsl loes*

Reautts in mejor demage
Resuits in minor demege

'Mmm-nMonm
mmmummm

TABLE §-5. — Hanard Significance Groups Based en Frensiency, Alvoraft Damage Severity, and injury Severity
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The inadequacies within each group were then
rank-ordered according to accident costs. As a result, the
ordered list comprised a ‘“totem pole’’ of aviation hazards.

8. Integrate Corrective Actions Completed or In
Progress to Remady Specific Hazards. At this point, only
the hazard identification stage had been completed. The
next step involved the identification of remedial actions for
system inadequacies on a case-by-case basis. These
prevention actions were obtained from the Army Safety
Center aircraft system managers and were integrated with
the TEIR and FIRE narrative for each accident case in

appendix F.

R R SR Math e 4

9. Identify Hazard Prevention Requirements. The final
step (item 9) was to analyze the collective nature of the FY
79 aviation hazards and to identify the most pressing
prevention requirements. The identification of prevention
requirements was based on the HSL analysis and the
judgment of human factors specialists and the sircraft
system managers at the Army Safety Center. This process
allows for the incorporation of prevention requirements
based on more than statistics alone. It allows for the
incorporation of speciaity expertise not always availsble to
accident inveatigators, as well as for knowledge of hazards
that transcends that found in an accident report, i.e., state-
of-the-art prevention capabilities.
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where such flight was not authorized. Asa  manifested in again deciding to ul

consequence.

to FORSCOM Reg 3503, ment. The pilot had
12, SOP  authorized terrain flight on the
result, when engine failure occurred, there  an unauthorized mode of flight.

was insufficient time and altitude to avoid
striking trees and causing total loss

mission performed a course of action course of action (performed
damage and one fatality.

prohibited by AR 85-1, par. 3-15; local  terrsin flight) because of
was performing terrain flight in an area event reinforced the poor j

15 AH-1G pilot on a day, VFR, singlepilot 6 AH-1G pilot performed

par. 3-1667)(f) p. &; Appendix
and by command divective, in that he  without retribution or

supplement

P

7 Unit commander take poeitive com-
mand action to encoweage proper
performance and diecourage improper

performance. (This remedy can be im-

nary measures and flight evaluation

boards.)

plemented by the judicious use of discipli-

6 (Repeat)

15 (Repeat)

a result of judgment and their remedies
via safety meetings. Such meetings should
stress the dangers of unauthorized terrain

fiight.

6 (Repeat)

15 {Repeat)
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problems encountered and remedies
and/or AVIATION DIGEST.

6 USASC inform personnel of

natlon
"9
utu
12 (Repeat)

FAILURE/MALFUNCTION

TASK ERROR OR :
SYSTEM INADEQUACY
12 OH-58 pilot ontacncaltmningmmion 12Plo miumananedhsworkmcydo 7 Commander talkke positive conunand

99 No contributing materiel failure.

thesnow-co red erra ndrollod

a
TRADOC Scout System

Y AR
CASE DuTY
NUMBER POSITION
K <] P
CORRECTIVE ACTIONS
COMPLETED
OR 1N PROGRESS
USASC routinely publishes
asrticles on judgment, fa-
tigue, overconfidence, and
get-home-itls.
USASC sent lotter to
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required course of action by directing that

the autorotative deceleration be

g%!:% 53%3 g

Eézig?gféés

TASK ERROR OR

FAILURE/MALFUNCTION

16 UH-1M IP on a day, VFR transiton 12 UH-1M IP improperly performed a
training flight improperly performed a of actio

mammwﬂ:na
hlk“ During a standard autorotation at less than prucribedllﬂtude
by the

M3

ouTYy
NUMBER POSITION
P

L)

12 (Repeat)

16 (Repeat)

that
adhere

TC 1-135, TC 1-138, and the requirements

of the ATM program.

7 Unit/facility commander take positive
action to insure
sre familiar with and

command
personnel

12 (Repeat)
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unit personnel properly conduct preflight
ing for all flights and comply with
operating limitations contained in fig. 7-2,
placarded on the

excess of 7,500

MTF, the 6400 rpm.

flight, pre- :
TM 55-1500-210-10, and
instrument panel of the aircraft.

planni

6 USASC inform personnel of problems
encountered and remedies via an article in

FLIGHTFAX.

222872
il

§§§§§,g

- -

conditions. TM 55-1500-219-|

aircraft instrument panel. As a result, he manual for maintenance test
i a of tai i low mm
and at 6000 N2
landed C caution
weight
of less
flight
for

19 {Repeat)
19 (Repeat)

placarded on the

99 No contributing materiel failure.

|
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6 USASC inform personnel of prob-
lems encountered in this and similer
mishaps and remedies vis RIGHTFAX.

LI Y SO TR x sl s A AA LTV RS .
to
ng u
kms
rred,
emergency
knowledge
full-on position.

SYSTEM INADEQUACY
When the pilot attempted to compensate

aircraft touched position without the pilot's
low while throttle was in the

for the resulting engine/rotor overspeed by
adding collective and rolling off throttie,
m“ﬁmmmmgmamhto
task requirements
4 (Repeat)
4 (Repeat)

%s

i

.‘é - §§;§.g§
%§§ it

i

i

phase
altitude
reslize
speed
became

was [ate
noeumy
descent
upon X
down hardina
6 (Repeat)
6 (Repeat)
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This appendix presents the resuits of the analysis of the
56 Army aircraft mishaps classified as incidents by AR
385-40 and reported to the Safety Center during FY 79. The
$746,000 cost attributed to these mishaps was 47 percent
less than the $1,422,000 cost of the 163 incidents reported
inFY 78.

This decrease in cost, indicated in figure G-1, began after
a peak of slightly more than $2 million was reached in FY
77. The decline shown for FY 78 and FY 79 unfortunately
cannot be sttributed to prevention measures. Rather, the
decline primarily results from an FY 78 change in the criteris
used to classify incidents. As a reault, 60 mishaps in FY 78
that cost $261,667 and 196 mishaps in FY 79 that cost
$1,198,377, which before FY 78 would have been classified
as incidents, are now classified as precautionary landings
with damage.

A more effective incident prevention program is needed.
This need was anticipated in 1974 when NOE and other
modes of terrain flight, particularly for rotary wing aircraft,
became a tactical requirement. As expected, the frequency
of blade and airframe strikes with trees, rocks, wires and
other objects, and flight into inadvertent IMC due to dust,
show, etc., increased.

The increase in average annusl cost of incidents has sieo
pointed out this need. Over the 6-year period shown in
figure G-1, the average cost per incident incressed more
than fivefold, from $2,400 in FY 74 to $13,000 in FY 79.
There are indications that the average cost of incidents will
continue to climb as more expensive aircraft, e.g., AH-1S,
UH-80, OH-68C, CH-47D, join the flest and as night
operations increase.

A specisl program, however, is not advocated or
required. A review of the system inadequacies in table G-1
and a reading of the 3W narrative analysis of sach incident
in this section will show thet the causes of incidents and
accidents are generally slike. The only difference between
the two is cost which is often a matter of chance; for
example, having a piace to safely land when a fellure
occurs. Therefore, increased attention shouid be given to
preventing the causes of incidents and making this effort a
more integral part of the aviation safety program.

There are many reasons why the prevention of incidents
has not received the necessary attention. The dolier coet of
an incident is much less than an accident; the incident rate,
uniike the accident rate, is not used to measurs safety
performance; and the absence of injuries, especially fatal

n's 1 ‘bzizs

20.0 - 2,00
&€ 115 \\ 175 o
. S
[ r
= 150 - 150 2
Fre 8
g 125 J 11,25 g
g =
o] 100 4 \ +1.00 E
s =
(7%}
= 15 - 0.75
=

5.0 4 L0.50

25 4 L0.25

FY 74 75 7% n ® )

FIGURE G-1. —Rate of Ovourrence and Coet of Mishaps Claseified as incidents
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progrem is to be met. Adoption of the philosophy that by
eliminating or reducing inadequacies in the aviation
system, a more efficient system will resuit, would be a step
forward. f the system operates more efficiently, task
errors, materiel failures and malfunctions, and environ-
mental influences on man and machine will be either
reduced or eliminated.

The analysis of incidents couid not be as compiete or as
thorough as that for major accidents. This shortcoming ie
sttributed primarily to the quality of the information on
information points out that investigations are inadequate
and that steps are not being taken to insure that pertinent
and essential data, i.e., the 3Ws, is reported as required
by AR 95-5. This observation is supported by dats in table
G-1. Of the 77 system inadequacies listed, 28 could not be
defined because of a lack of information. The 28
inadequacies, whatever they may have been, accounted
for 39 percent of FY 79 dollar losses. The lack of causal
information severely hinders prevention measures.

this, the Safety Center in the 20 February 1980 issue of

FLIGHTFAX published a worksheet to be used in the
preparation of a preliminary report of alrcraft mishap
(PRAM) (page 124). Careful adherence to the re-
ments of the worksheet will improve the quality of
the information gathered. Particular attention should be
given to paragraphs 12, 13, and 14. These items solicit the

investigate incidents, especially first-time appointees,

should be instructed to review the requirements for @
PRAM in AR 385-40. Review of appendices G and H in this
report wouid slso be beneficial.

Operational definitions of the system inadequacies,
listed in table G-1, sre found in the narrative analysis of
incidents. These definitions can be easily located through
the use of one or more of the matrices in this appendix.
The definitions sre indexed by case number with respect to
the aircraft invoived and also by the task errors or materiet
failures identified in each case. A matrix of task errors and
materiel failures by aircraft, indexed by case number, is
siso provided on page 127. The single incident omitted
from these analyses was of a C-12A on landing roll that
collided with a deer. The damage to the C-12A amounted

- N - NS W NGNS |"[

e
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WORKSHEET FOR PREPARING PRELIMINARY

REPORT OF AIRCRAPFT MISHAP (PRAM) 08 Y SATY GENTER
Addresses
Subject: Preliminary Report of Aircraft Mishap, CSGPA 1880 (MIN)
1. . Data b. Time llocel)

c.ODswn ODsy 0O Dusk 0O Night
2. Give distance from mishap site in direct nauticsl miles and direction from neerest military installation or prominent
geographical feature; otherwise, use latitude and longitude.

3. . Alrcraft type, design, series
Compiete serial number
Unit identification
Unit identification code (UIC)
Home station of unit operating the aircraft
Mishap classification
Actual or estimated cost
Brief description of damage

Operator’s duty (IP or pilot)
. Name (last, first, Mi)
SSN__ d. Grade
Unit assigned
"Home station
. List all other crewmembers (name, SSN, grade, duty position, unit).

4.

posooeg

srepoe

b. Number of military occupants on board (other then crew)
¢. Number of other occupants (other then crew)
8. List all injured personnel and give the following information for sach: name, SSN, grade, duty position, sex,

degree of injury.

9. a. Mission b. Type clesrance {IFR or VFR)

¢. Destination_ d. Time in flight
10. Phase of operation (landing, takeoff, stc.)
11. Description of how mishap occurred. Begin with first indication of emergency, malfunction, failure, or unusual
occurrence. Include crew response and reaction of sircraft to control inputs if other than normal. Include airspesds
and altitudes agl as necessary to aid in description. Include density sititude and gross weight where inadequate sircraft
performance is a factor (inadequate power for conditions) and describe termination of problem (landing, further dam-
age, procedures used). Give details of any ejection or bailout.

Note: For Class D and E mishaps, add the following information when known; for each cause factor
identified In items 12, 13 and 14, tell what caused or permitted it to happen and whet corrective action
should be taken. If information is not known within 24 duty hours of mishap, provide vis supplement
report as soon as known.

12. Ducﬁomhmﬂmmumhcmmdhwncomﬂbmoﬂommm.
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prevention
. * 17. For additionsl information, contact: Name

PRAM worksheet

13. Descibe sach human error cause factor and how it contributed to the mishap.

14. a. Describe each materiel fallure or malfunction cause factor and how it contributed to the mishap.

For sach fallure or melfunction identify the following:
b. EIR control number (block 3 of SF 308)
c. NSN
d. Part number (obtain from failed part)
e. Nomenciature of suapected or falled part
f. Name of publication from which nomenclature obtained
i major component failure or malfunction contributed, additionally submit:
g. Component model
h. Series. I. Serial number
j. Total time
k. Time since overhaul (t0 neerest hour)
I. Overhaui facility
m. Date of last overhaul
n. Previous storage history
0. Cause of fallure
p. Power settings
q. Significant indications
NOTE: For each separate fallure or malfunction that contributed to the mishap, repeat item 14.
18. a. List other personnel injured as a result of mishap.

b. Brief description of damage to government or public property other than the aircraft.

18. a. Date nearest FAA facliity was notified, if required (AR 95-30).

b. Brief description of any violations to civil or military regulations (If none, 80 state).

c. Classified materiel 1 was O was not on board (for missing aircraft only).
d. Alrcraft O wes 01 was not serviced with fire resistant hydraulic fluid.
. Dengerous or hazardous material (1 was 1 was not being traneported at time of mishap.
Materiel CJ did O did not contribute to mishap. Any other information pertinent to hazardous materials being
traneported at time of mishep:

f. Alrcraft O was O wes not performing

O suthorized [ unauthorized,

O supervissd (] unsupervised

(1) Terrain flight: O low level [J contour [J NOE

{2) O Tactical IFR treining

9. USASC will periodicelly issue instructions requiring the reporting of other specific deta pertaining to mishep
problem sress. Such data will be reported in this subparsgraph.

Address

Outy Telephone number
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a coures of action requived  action required by common practice (raissd  directions for storing wheel chocks to

ramp the rear ramp without first clesring the prevent similar incidents from occurring.
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TASK GRROR OR

tions. As a result, a set of sircraft chocks precedwres. There are no written direc-
which were placed between the fussiage tions goveming the storage and sscuring of

and the

16 CH-47B CE on a training mission falled 19 CH-47B CE falled 0
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18 USASC, in coordinstion with
Chapters 11 and 14,

what caused or COMSs, initiate action necessary to
report and
others contain insufficient

mine why this incident
did not

report contsined insulficient in-

formeation to determine

mission performed an impro-
control action. it is suspected

7 UH-1H pilot on a service support 0 The
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severe skidding, led CCAD to conclude that
the bearing probably failed as a result of
improper or inadequate lubrication.




g,@
gz
.g;g

environment in the unit SOP.

P
E zﬁ?

ﬁsggii‘
fgi igizg .!l§§ zes

- A" A & R . R TR A L B R R R o AUy e R P
) s dp e L ERNTN ol RN 4.5 e [ 1P S S v R VAT gl Tl R {.{L;«? ¢ 4 RS ) %} 3
N * e R Ny 1 ﬁﬂ&‘{ﬂﬁm:w sl A V‘ R L Y gy e ;Zt 5 AEE kA i S i LSl AR At ) s
& "
H




*818eq JejnBes @ UO PBIONPUOD ARUBPIAG  -UMOP GIGASS B PEIGIUNOJUS JRIONE 9|
asem K3yB1Y yons yBnoy uens siys Buky  -eseesow 0) AUDORA PuM au Pededxe 9y
uieluNow Ul sso1BIE BuiApiend Jo) weiBosd  pue Wby Jo eIncs sx) Buom petsne spusm
Bujuien e oAey 10U pip 3uUN Byl "Gy BUOKS IBYL MAUY B "SUCHIPUDD JSIEOM
e ayenbepey O asNEIAq (SUCHIPUOD Byl JOJ SIGRLINS JOU SBM JBL) LIRUG] SNOWIE)

‘g Jardey) ‘OL-L D1 U! papincId St 18YIBGM BY) JO) BGELINS JOUSEM JBYI UIBLBY  -UNOW JGAD Wy ALIED PINOM YOnM JyBuy
22018148 BuiAyend 10§ UCRINASYL SO 96IN0T  SNOUIBILINOW JBAC WY ALIED PINOM YOYM  JO SINCJ & pardeEs Jopd oy] “Supmssyd
pepuswwodes v ‘senbiuyoel BuiAly uiey By Jo exnos e peidejes) Buwueid Wby ySes csenbepuy pewmssoged uOmERL
-unow ) Bupses epaoad pINoYs WUN  Z  elenbepeur peunoped 10pd VES-HO ¢ Duwen

AIMA R A s A T AT SR gf A At and-2 il ‘ol Samey e
< S e s L ST

ap dots ] peppe

'S152Q JBNBoI B UC PBIOND  PUS JYOAD SR PEZYRANGU Gy UMYJ “IPIAD
-uod Apuepine esem KB yons yBnown  ye

uens SIS Buidy uunow w SR 98 B BUUSIUNCIUZ “UIRLG] SNOUIIINOW

‘gJeidey) Budyend oy weiBosd Buiuen e sasy 10U 18A0 (B 1905 QOC-O0Z PUS SO OB INOGE

‘0l-1 91 W pepinoxd 8y BuiAy ulRUNOW 40§ PIP BUN By ‘Bauen Jun elenbepew 0 12 WG IBNUD W AEYM SYBPUMOp Buons

si01iAe Budjenbd 10§ UOIIONASUI JO GSIN0D  BENEBISY (YRIPUMOD 848AGS B BULIBIUNOOUS  PEIBIUNOOUS PRIONE Oy

pepuswwnses v ‘senbiuyoel Buidy wel uo JdAd Ye ny peydde) suonde |ONUCO  POIRICD

-unow ut Bupsen epyaoad pinoys yun 7 By Jedosdun epew jo0pd VBS-HO Z Buen Wiv uwe wo Wpd VES-HO £ d o84

A SR I A

FUNSVYIN WVIGINIY ADVNOIAVYNI WILSAS NOLLONNSTVIN/ JUNNVE NOLUISOd WIOWNN
ALNCG B/




RN AP TR A Sl R

ol >
MU

~yr
..

r
..

et e T TN TR T T S e L TN I

n-.v -\ h‘ > !‘ “’.‘~ .'—‘."

‘-. -‘ D--

F:":"i\'i\ 0 S N e S e
I
e

L

............

‘woejqoud uonseBuy
/oNUIs piiq e 01 sSuonNios eulwIelep
01 sexuis puq JO Wejqoid ay) 0} pajoAsp
U0Ye 2PIM-UOREBIAR 8l Ul BAIIOR BWL028qQ
Pus yoseeses/seipms elei WOJHYQ 8L

bl pue (| sierdey)
Apweu ‘gg6 HYV yum Aldwod 1cu pip
PUB UOHIBULIOJU! JUSIIYINSUI UIBILOD SBYIO
Auew pue uodes WePIoUl SIY Aum Bulw
-1810p O} Aies8800u uodde elemiul ‘SWOD
VW M UoRBupIOOd ul ‘JSVYSN 8L

‘9 s01d8Y) ‘0L-| D) Ul PepIrcid 81
si01eAe BuiAyenb Joy uononasul 40 e8inod
PepUOWWNOe) v ‘senbiuyoey Buiy uie)
-unow uy Bupaes epyrced pinoys Jun 2

‘eBawep
8iqesepisuod Buisned ‘uoides 10ssaidWIOD
o} o peyseBur asem seuen spinb
18juU] ejqeueA 8y JO (eieneg ‘suiBue oyl
o peiseBu) sem pue ejiedosd euBue 18|
o) JONNS piq v “}IS PAq ¥ JO 8shedeq
uonounyew seulbue ue pey Ql-AQ Si

*@)LIR 6GeI BLl PloAe O} pauinbe JeuuBw
@ Ul sedodiiey eyl JeAnauRw Oy eygRUn
sem 1oid el Aym eunwelep o1 uopew
-10ju) WSYINSU| PeUInU0D wodes 8yl 0

"9 B3 18 PBISIX 1By} SUORIPUOD
Byeem oyl yum paredionue oq pinod
/Yl syeipumop Buons eyl jo eieme 30u
$em o |Be 100} 009-005 4O OPMIYE eBINID
SIY 18 SUOWIPUOD BN}  Buusiunosue
uo (Be 180} 00E-00Z 03 PUSISEP O] Paloele
oH "uewlipn{ ssenbepewy Jo osneoeq (|68
190} 00G Mojeq epnuye ue 1@ By peronp
-Uod) dOS Wun eyl Aq peuqiyosd uonoe
§0 eaunod @ peuuoped oid ves-HO 9

"paindes sem suiBue ey ey euiBue oy
Ol pifs pue Jeuuids Jegedord Yoy A uy
Piiq @ ueym eBewsp oiqEISPIELOD Busned
‘uogoes Josseidwod eyl oWy peisedul
@J8M PuB O UeN0IqQ SueM SausA opind Jequy
9iqeueA 8 o RIBARS “yOROIDDE jBUY UO
silum ouBue | "o ey Jo uopRIUNgEW
& pey uoyssiu Bujuiess 1ybiu @ U0 QL-AO €2

*91qeo
841 JONNS LLIONE S JO Ulj |RILIGA ‘04qED
oy Bunyy proae 03 1dWeNR UB U} ‘PuB B1GED
poYiewun ue pedou 1oid G ‘HoeNm
Buung "ees PRI BuuUe SBM By
49AUD 6jOIYeA B ULIojuI 0} PepUS) Pey Joid -
8UL "jjoexel uo esm yonus 3opd Hi-HA LL

*180d J00p 3j01 oY) peianes
PUB DiSiySpUWA 3Bl 81y PoleNBYS YoM
oam 8 Bupjns woy yesose ey Jusaasd 03
ewn U1 uedsep ey dois o} 8iqeun sem joud
9L} PUB JBIPUMOD BIOADS B PEISIUNOIUS
yeioue ey ‘ynses e sy {Be 1964 O0G JO
opMIe WINWILIW B UIRUIBU O} UORBAISSS)
dOS Mun ey Mv| J0u sem uoNIe syl
‘UMOUNUN 810M $81081$G0 JO1yBiey puB eoue
-ISIX8 B} BIOUM UIBLIG] SNOWIRILUNOW JBAD
BuiAy ejtum suopIpuod Jueinqun} Jepun Be
169} OOE 01 00C JO BpMNE UB O} POPUBISEP
o1d oy ‘¢OS WUNn mp Aq PeNGROd
UOROw JO 68N0D ® peunoued UCISIW
Bumen wiv ue uo 108d vBS-HO Gi

JUNSVYIN TVIOINIY AJVNOIAVYNI WILSAS NOLLONNSTIVYIN/IUNTIVS
HO YOu¥A NSYL
e by veal B oue TR e o) IR L 12y q«\\.w\\.-\ --v -uﬂ.l-”:..il.
Sty 8, el el [—— -”. .-.. .-.c.-.. .\..c\ ..-. ,.,.- ROy nn .-m .N.. » - O .m.!.uhb;. -.,-w.hm . “-l- ke ’ - o L -

et T e e e
KWW R WA VR .

1%

1%, 0 v o
.......



R N N T N R T T o T R T T e T T T D T e ——)

.........

*JOPUBLILIOD JUN

o4 AQ Pacsojue Ao 8q pus _Scoe&
e o1 eigepeAer epew 8q ‘Bunum w eq
snw Acnod syl Bago-v_ocaui
300 MEID B YERGEINS JOPUBWIWIOI YU €

bl pue || siedeyd
Apweu ‘G-g6 HY Y Aidwoo Jou pip
PUR UCHBULIOJN JUBIIYNSUI UIBILOD &IBLO
Ausw pus L0de) JuepUl SIYL AUm BuRu
-1019p 03 AIeSSe06U UONJB ABNIUl ‘SO
w ‘Osvsn 81

VW W uoneunIood

"eouejeq pue Jybiom
10000 SunsUl 03 WSISASNS PEAOWS) 8} JO}
218sUBdWIOD O} PORISL! 8G PINOYs BB
‘S19ANGUBW pJepuBisuou Bunanpuod
03 Joud weisAs unbBlunu 79°//13VEZW
O} GAOWR O} ‘EBnuew s$i0)8J8do SL-HY
‘OL-¥EZ-0251-98 WL ooaml WODHVA €

‘uopsod
POMOIS O3 U YOUMS ADL oyl uum
uoRIOd LUMOP-IN) © 0} 100YOP 0} WeIsAS

unB | 3VEZIN O\ S98NBD JBYM BUILLISISD O3

yamesss/eepms uuoped NOJHYG 81

FUNSVYIN TVIAINIY

‘uonuene
40 ueds JOMOLIBU B PUB SSBUBIEME JO BSUS
Peonpes B PesSned SO0V} @SOY) “wexe
UR J0j SR 964 81y O 1sow Buunp BuiApnis
useq pey oy ‘sAep omy Buipaocesd eyl
10} ‘O8{y "JUGPIOU] YL JO BN BY) I8 INOY
L1 Inoge Jo} Anp Uo ueeq pey pue Buyeuq
UOSIW 18 @ JO e8NEJEq 9.0§8q 1yBiu e
deays Iy g AlUO PaAedal 61 “enBpe} jO

28N930q (Ledep 0) YRIJL JOYI0 UO BuIBM
pue Buueaoy epuym een e NOnus) edue

-0 peKwinse Apedoidiut 10id D|-HY €L

‘ueyd
doiS-8182610208 Sl Ul PeySHeIse BLSID
A1 J90W J0U PIP ABMUNI SY1 POIOU O8je SBM
3 "PONO0) Aeundes sem BUIMOD o) 8INsul
O3 POlS} JOQLISWIMSLD 8 uoIoedsul 1yBiyesd
ol Buunp ) peoedens 8 3f “Yadue
oy uedep 0y Bumoo euBue eyl pemoyjie
JO POSHED IBUYM BUILLIGISP O) UORPULIOS
- WSPYINe peuIruod Lodes Iyl 0

*$10AneuUBW piepuelsuou Bunonpuod
0} J00d peAOL:~2 8Q PINOYS WelsAs unBiujw
29°L/13VEZIN S\ 1843 81201pU 10U S80P ‘0f
¥£2-0251-95 W1 ‘1snuew si01818do S|-HY

-81010}N8 (8AB)-MO| 8opoesd e Buunp oa
-190d UMOD-IN) B 0} peldeyyep) peuonouny
W weisAsqns unBiuiw 29°2/13VEZN 61

"Huy) uotsseidep ||} Gy} 03 WeIsAS
unB ey 8210} YoIYM 1emod Jo 880] 20 eBins
AIJUBWIOW B GAI900) ABW YOUMS e
o3 18yl peroedsns s 3) “umouy j0u ) uol
-OUNYBU B3 JO BSNED J10UX0 &) ‘peuliieep
Apedoaduy # uswdnbe esneceq (uon
-910J0IN8 |8AB}-MO] @onoesd @ Buunp uog
-180d UMOp-Iny €@ 0} PEIOeYeP) peuoiiouny
“ew wesAsqns unblujw 29°L/L3VEZIN 9L

AJVNOIAVYNI Na1SAS

el e e 0TI TR TXS, O TIY v P -
2% PURE A v ey LLCMLOA M B 2 P T AR o)
CATRNLS LAY oLy gt . i ey <-.,u --..n-, . AR

“UMOD

1OX0
e jeonde; e Buunp §ao—:< 9

‘Il Yo peisng ® yum Aemuns eyl
40 puo 6yl JJO 188} (GZ 1984 0) ALUIED ‘JJ00%NE)
peuoge ey Buiwojio} ‘yesone ay) “joexn
10} PELIIS SBM UORRIOS UyM ‘Asmuns ey
UMOP 190} 000°Z ‘SI0uY 08 yBnosyy Burssed
sem yesone se Buimos pieoqui euBue
W6u 180 uowsiw Buuien e uo 48N 0

{(wedey) av

‘o ey
18 UOISOd PEMOIS BY] Ul SBM LOUMS ADL
ey] "1Bum pue unBiuw eyl o3 eBewep
Buisned ‘ABMuns eyl Nonas |eueq unBiunu
eyl umopyonol uodn -uomsod UMOp
4in} o 0} pedeysp welsAsqns unBiumu
Syl ‘UMOpYONO} O} JOUd “uopMnoIoINE
{oAsi-mof @ofoesd & Buunp peucpoun;
<ow waisAsqns unbiunu 29°2/13VEZN 9

NOLLONNJTVIN/FUNUIVY
¥O YOUuI NSVL
Ly ey o) - g 28 o o o - 2 M SO
BONSIRS SRR P




6 (Repeet)

o [ —— R R e
1 XAPCAC s thw b AL 8L ANy, RN A Pl )

COMPOosre.
controls he toid the copliot “I've fact that the pliot-in-command hes author-

it}
§5§:*!

Y @ » . 4
'S I T WL AR R AN

7 (Repeat)

'''''''''''''''''''''

3;3%

....




et e A e e . TS

il
!aﬁ%%’i
H;JE?!i

iasigg
R

t’:éi F
£l'i’§
2§3aiz§£

sg
. K
8a

-
3.

c aTe BT A" a®.®,N

it | g

lgsg

iii!i

111111

Ji:

il

i

2%}

ii!i

}'5

T

FRLIAE R S

iz
il

Py

P RC R AN e Sy s SN PO vt O

...................

it
g%ﬁg

§







3

R

S 1 BT (R 1
R i }EE Hie

gs§§§ 11 P H 11
R T -

& i S 2EES 2E4EERES 2 2 3]
L1 B L

::3 3 ii ;."ggj ;-2%%;85 §§§§§ iﬁ
SRR T
Tt AL R
Gl zi?ﬁgﬁiii HHL =
| hinlgh DR nha HE
g J il 5;;;%;% i :gE-gE?
5 gigi HE% > 855'!3 Eis Es ; 82 ,
R L L it ,
T

SRR 1O i 1

PSR
CASE
NUMBSER
48
148
I-50




.......

I Hi P i M
i % <1 33

L T
Pyl .

§E€a §f13§ 5§§ : s?iggs

| Elfgg iifgge g§§§§§ Hi

gsztg. o fa§§‘- i
Cplh g

Hek pibn pi

T

E 5&;-'2 T ggi§§5 §’ESE §8!.
I Halg Al i

Wil HlRE e pap

! i ht il it

i 1 H LR R §§?§j§

| il it it Ll i

111 A




T L e e ey

-l

P b i B i o5
i A i i A A o e = =/ SN

-y W 2 Taraa s I 5y e e Evs . - . " y
RIER) SPHDRDTL. NIV IOURPPNY . USRS DONCONE  ITEARGLY MRS ) MM MR o ALAARA § I

..............
...................
.......

................................
......

...........
DR R R RO Y AR R PR

‘apojdxe
0} Jsuepuod oyl Buisneo ‘ezunssaud
-JOAD 03 WIBIBAS B3 POMOIE SIY} ‘YNsel B Y
‘peq BUIeq O PeI0edEns SEM i USUM YOUMmS
Sl POIOGUUOISP UUOSISd SOUSUBILIBN

|
|
|
:
:
|
2
i
§

oy SuiBewep *peouncq pue puncb eyl 1y
g&e&.gg%ﬁh
‘¥l pue { | sdey) - WOPYINSY|  "SI01U0D
Apweu ‘G968 UV Yww Adwod wu pp ‘uouoR - di Oy S8 108} £ O g INOQE 01 PIUCOYRq
PUE UORBULICJUL JUSIOLJNSUN WRIOD SIGLTO  LONS 10} UOIeUlOY] BUNELSUOWED INOYLM :5._.:_._...!.8._.83%.88:8
Ausw pue Lodes JUEPWI SHR Aym sunu i-@%go::g puUNoID 18 ‘PUB UORMOICING S PRI
-1000p 01 AJESEEORU LOBOR GIEHAN ‘SNOD AGPPNS JS Ol Aym SUILLIGISP O} UORRW  dS eyl ‘suopmoicine Buueoy Buion
-VIN WM UOOBUIDIOCO W ‘OSYSM 81  -JOJN WODYINSU) PEUIRIUCD 048I SYL 0 -0Rad S8 108d WEPMIS B YUM dI HL-HN 0 ds 95
UNSVIWN TVIOININ AOVNODIAVNI N3ILSAS NOLONNSTVIN/SUNNVE NOWLIBOd UIDWINN
’ VO UONUE NSVYL ALNG ) ]

TN



MERT R REN

This appendix presents the mishap history of Army
sircraft parts/components (hereafter referred to ss parts)
that feiled or malfunctioned, causing or contributing to
1,852 materiel-related mishaps during FY 1979, These parts
were reported under 720 different part numbers and were
distributed by aircraft type as follows: 263 UH-1 parts, 108
OH-58 parts, 97 AH-1 parts, 92 CH-47 parts, 38 OV-1 parts,
and 37 U-21 parts. The remaining 86 parts were distributed
over the other aircraft types.

The mishap history is presented to solicit the support of
aviation resource managers in an effort to improve the
relisbility of these relatively low-cost parts. This would
ultimately improve Army combat readiness through
incressed aircraft availability.

The requirement to improve reliability of low-cost parts
was documented in USASC Technical Report 79-4,
“Survey of Forced and Precautionary Landing Cost,” July
1979. The survey found that 42 percent of the forced
landings and 39 percent of the precautionary landings
resulted in failure of the aircraft to complete the sssigned
mission. Also, on sn average, these aircraft were out of
service for 44 hours.

The report recommended ‘‘that an assertive effort be
made to turn back the long history of failure of a relatively
few low-cost items that cause a disproportionately high
number of mishaps’” and “that a similar pattern of failure
should not be allowed to occur in the next generation of
Army aircraft, i.e., AAH, UTTAS, ASH.”

To learn the mishap history of the 720 parts, a search by
aircraft type and model was made of the Army Safety
Center's aviation mishap file dating back to 1 October
1971. The search found that the 720 parts contributed to or
caused 64 accidents, 44 incidents, 247 forced landings, and
6,946 precautionary landings, for a total of 7,301 mishaps
over the eight-yeer period.

Cost data were obtained by matching the Army Safety
Center’s mishap file with data from the Army Master File
Catalog Dsta Agency, New Cumberiand, Pennsylvania. In
the tables by aircraft type (page 156}, part failures

attributed to inadequate maintenance are listed under the this, commodity managers and reliability,

L Arat asey Snns Srdh SRR aal SR AR YR i L I SR

column labeled NUM MTN OCC (number of mainte-
NSNS COOUITENces).

The 10 parts reported to have falled most frequently in
FY 79 are shown in table H-1. The total cost of theee parts,
including two fuel controls costing $9,750 each, was less
than $21,000.

Six of the 10 parts have a combined mishap history of
1,391 failures dating back to FY 72. Three of these, two

_ switches and a battery, head the FY 79 list. Three of the

ten, two pressure switches and a submerged pump, have
the same manufacturer code.

The two fuel controls, from the same manufacturer,
have an interesting history. The latest version, indicated by
an A suffix to the part number, has failed 32 times since
November 1978, the date of its first failure. The first
reported failure of the older version was August 1973.
Twenty-six percent of the combined 121 fuel control
failures were attributed to the latest version. Each of the
fuel controls was reported in 21 mishaps in FY 79,

Switch failures were reported more often than any other
parts failures. During FY 79, 50 different switches (by part
number) of 13 different manufacturers accounted for 15
percent of the part failures. Over the 8-year period, these
switches acounted for 17 percent of the part failures. By
aircraft the different switches to fail were UH-1 - 17, AH-1 -
9, OH-58 - 6, and CH-47 - 5. The cost of the 50 switches
range from a low of $1.32 to a high of 81,357, with 30
switches costing less than $40.

Figure H-1 shows the fiscal year in which the 720 parts
were first reported in a mishap.

A review of available data did not discloss a plausible
explanation for the high percentage of first failures in FY79.
The forced and precautionary landing survey mentioned
earlier revealed a U-shaped pattern similar to that shown in
figure H-1, i.e., a higher percentage of first failures in the
first and last years surveyed.

This distribution of first failures, together with the
findings of the survey, may indicate the onset of a failure
history for the 324 parts first reported in-FY 79. To prevent
maintainability,
Py
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snd product assurance persomnel sre urged to review the
fallure causss of these perts. By aircraft type, the UH-1
accounted for 36.8 percent; AH-1, 16.0 percent; OH-58,
13.3 percent; CH-47, 13.0 percent; OV-1, 7.4 percent; and
U-21, 6.5 percent of the FY 79 first fallures. The remaining
8 percent were distributed over lower deneity alrcraft.

The eight-year history of the maintenence-related pert
failures is indicated by aircraft type on page 158. Thees
data show nine perts with 10 or more meintenenbe-releted
fallures: UH-1 sctustor, P/N 1108018001 (23); UMN-1
bettery, P/N MS2M4081 (22); UH-1 actusor, P/N
17008008 (19); AH-1 gesket, P/N 2000401873 (19); UL-21
switch, P/N MS 234411 (17); UH-1 pecking, P/N
MS287784 (14); UH-1 chip detsctor, P/N 87828 (1); UN-1
locknut, P/N ANG28008 (10); and OH-B8 switch, P/N
124112230 (10). Of the 77 sctustor-reieted misheps, 42 (85
parcent) were meintenance relsted.

Severity of sircraft misheps did not relste %0 part costs,
i.e., the more costly pares did not ceuse accidents, the
most severe mishap. Table M-2 shows thet the cost
(92,498) of perts thet caused 78 percent of precsutionery
landings is aimost twice the cost (61,3800 of the perts thet
caused acoidents. Fifty percent of the more then 7,000
maeteriel-related mishaps were caused by parts thet cost
lses then $100.

Meny actions must be taken before a marked reduction
in these fallures cen be reslized. The cbjective of thess
sctions must bs improved quality and, hence, the rellsbility
of theee low-cost perts.

The long history of fallure of meny of thess perts
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suggests an evaluation of the design specifications and
operational requirements upon which these specifications
are based may be in order. it may also be necessary to
examine manufacturing standards and practices that have
the capacity to degrade the maintainability and reliability of
these low-cost items. Improvements in any of these areas
would become evident in the mishap history of thess parts.

NOTE: The information in this sppendix must not be used
in a manner that will diecourage or even tend to discourage
svistors from meking foroed or precautionary landings.
Their judgment concemning when to execute sither s forced
lsnding or precautionary landing shouid not be adversely
modified. The objective of this information is not to restrict
avietors’ use of thess meneuvers but to reduce the need
to rely on thess maneuvers by avoiding the causes.
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