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SUMMARY PAGE

THE PROBLEM

Naval accident reports !nvrlving the P-3 and F-4 aircraft were examined
over seven and fiv, year periods, respectively. The critical incident t3chnique
was used to catalogue, describe, and analyze operational flight crew eri'ors in
both aircraft. An in-depth study was'performed in order to identify th6se prob-
lems which were commorn as well as specific to both aircraft. The P-3 ard F-4
aircraft were selected because of their completely different fleet missioni and
handling characteristics,

FINDINGS

From the F-4 accident reports, 437 human errors were isolated while the
P-3 reports conLained 345 errors. Twenty-eight major error categories emerged
from the analysis of these errors. The accident reports were further analyzed
fcr the errors which both aircraft had ýn common. Twenty common error groups
were found to occur in the P-3 and the F-4, representing 22.9% and 18,8% of the
total errors, respectively. The flight segment of Takeoff/Landing, and the error
type of Procedures, shared the most commonality across th3 two aircraft,

The r sutts of this inve.itigation suggest that although common errors can
be isolated acrr a , highly dissimilar aircraft with highly different flight missions,
they .omjrise a relatively small percentage of tntal errors. By far, the majority
of errors concerned characteristics unique to thoi particu:,ar airi,.raft in question.
Implications in the rem,3dial areas of crew coordination, training, discipline and
design are discutised,
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INTRODUCTION

The F-J aircr.ift is a supersonic, long-range, all-weatler fighter which
is powered by t.w turhajet engines. The aircraft is deeigned for fleet air
deforise through intermediate and long-range interceptions using a variety of
air.-to-air missiles. It is secondarily designed for use as a bomber through tar-
get interdiction and strike missions using conventional air-to-ground missiles,
rockets and bombs as well as nuclear armaments. The F-4 has a crew of two,
consist!ng of a pilot and radar intercept officer (RIO) . The pilot ensures that the
aircraft is operated within the presicribed flight limitations at all times while the
RYO is primarily concerned with the operation of the air-intercept radar and other
electronic search/detection equipment, Proper coordination between these two
crew members is of great inportel.ice.

The P-3 is a four-engine, turboprop aircraft with a normal complement
of 12 personnel--patrol plane commander, co-pilot, third pilot, tactical coordi-.
nator, flight e-aineer, second flight engineer, ordnanceman, radio operator/
commuricator tn,' four sensor operators/cbservers. Primarily, the P-3's mission
is to detect, id.eriafy, and track foreign 0ubmarines and shipping. In addition tr,
anti-submaring warfare (ASW) and surv'iillance/intelligence missions, the air-
craft is used i2i search and rescue operalions, The P-3 can fly extended dis- /
tances and retrain o~er the search area for prolonged periods. l makes use'bf
a multitude of eensor systems--airborne, surface, and underwater--in ordrr to
satisfy its m!ss-on objectives. Like the 11-4, one of the most important elerients
Is the proper coordination between the personnel aboard the aircraft. //

/
./

Since their introduction into fleet operations, the F-4 and P-." have been
involved in accidents/incidents resultingr in fatalities, injuries, destijaoyed or
datmaged aircraft, extra maintenance hours, and incomplete flight mý!ssions.
Whie marny accidents result strictly from material failure, a large r,"imber
involve human error. The purpose of the present investigation wesli to provide
a detailed analysis o F-4 and P-3 accident/incidents, collectively/4referred to as
mishaps, Involving 1.uman error among naval personnel .

An accident 'incident mishap is a unique event. First, , is an unlikely
event--mishap rates are :xtremely low. Second, the conditions i;..ider which a
mishap occurs are rarely identical. Differenoes in operptional aircraft readiness,
crew readiness, and environmental operating conditions most alv ,ays exist, For
these reasons, the ed-hoo predictability of a mishap involving hUman error is
quite low,
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Despite the limitaRtionq inherent in the study of the mishap phenonienon,
useful inforriation can be extracted from the post-hoc analysis of such occur-
rences. The value of such analyses lies in the effectiveness of changes in air-
crew operating procedures, training programs, and aircraft systems design.
In other wor'ds, its usefulness depends upon the extent to which mishaps are
reduced as a result of the implementationof its recommendations.

The task analysis approach appears to hev'. merit in meeting these
objectives. In ord.,r to extract the maximum amount of commonality from mis-
hap data, human error should be categorized according to: (1) type of error;
(2) time or phase of operation during which error occurs; (3) personnel
involved; and (4) content. The iesultlng error categories must ultimately be
related to the mishap itself, It is assumed that the importance of an error is tied
to its concequences in terms of frequency, seriousness and cost. Those errors
which are costly, leading either to major mishaps or to high-frequency minor
mishaps, are of greatest significance. High frequency errors resulting in minor
mihoaps are significant in terms of minor aircraft domage, extra maintenance
hours, and incomplete flight missions: while errors resultirg in major mishaps
are costly In terms of major damage to aircraft, and personnel injuries and
fatait.s, In all cases, the ultimate criterion, squadron effectiveness, is
greatly reduced, From a knowledge of these most costly errors, remedial
reCommendatirns can be made,

The present study is an attempt to apply this approach to human erroz
in the P-3 and F-4 aircraft. A further aim was to define those error categories
common to both aircraft. Remedial recommendations resulting from these common
errors should provide useful information in terms of emphasis within both the
undergraduate and graduate phases of pilot trainirzg. In other words, potential
errors common to diverse aircraft should be emphasized early in training.

METHOD

The critical incident technique (1) appeared to be quite applicable to
the aims of the present investigation, which was to catalogue, describe, and
analyze the most common and significant types of aircia v errors, The incidents
with which this technique deals are descriptions of directly observable complex
human activity which arr autficiently complete in themselves to permit inferences
to be made about the person performing the act. For the incident to be critical,
it must describe segments of human behavior that are pertinent to a desired
objective, In other words, if the purpose oi the study is to reduce human errors
in the aviation environment, the observer must describe bituations in which
human errors do occur in the aviation environment,
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Mishap data involving the F-4 and P-3 aircraft were obtained for the
periods between July 1966 to June 1971 and January 1963 to December 1969,
rebpectively, from records kept on file at the Naval Safety Center in Norfolk,
Virginia. This agency maintains standardized and readily -cceissthle information
pertaining to acctdents/incidents/mishapo involving naval aircraft and personnel.
Situations in which aircraft are demaged, personnel Rre injured, or certain air-
craft malfunctions have occurred (e.g., the actual feathering of an engine) must
be reported to the Safety Center via either an accident or incident report.
These reports follow a standardized format of •ornmentary and are completed by
knowledgeable and competent observers in the aviatlo,., community,

For this investigation, human error was defined to be any deviation by
squadron aircrew personnel from h previously established, required, or
expected standard of human performance which rsulted in or occurred during
a mishap. Errors weve categorized according to time of occurrence rather than
the time they became manifest. Furthermore, it was possible that two or more
errors occurred during a single mishap. These were reported as separate
errors. A further distin,:titn attempted to define an error's relationship to the
actual mishap. Accordingly, an error could be: (1) causal, if its occurrence
was directly responsible for the mishap; (2) contributory, if its occurrence,
although not directly respconsible, enhanced the conditions ultimately leading to
the mishap; and (3) conjyuu if it occurred at the same time as the mishap yet
had no relation to it.

In order to classify human errors in termri of its behavioral components
or types, three categories were adopted: Vigilance (VIO), errors, Procedural
(PMOC) errors, and Perceptual-Motor (PM) errors. Human errors were further
grouped according to time o? occurrence, Accordingly, four flight segments
were defined: (1) Sugment I.-Servcing/Preflight/Postflight; (2) Segment IT--
Stait/Taxi/Shutdrwri; (3) Segment III--Takeoff/Landing; and (41 Segment IV -

Inflibht. Four remedial areas were defined where possible action might be
und3rhken to reduce aircrew human errors. These included: (1) Crew
Coordination (CC,); (2) Training (TRA): (3) Discipline (DIS): and (4) Design
(DES) , Definitions of these types of errors, flight segments, and remedial
areas are presented it, Thble 1.

RESULTS

This section will be divided into two parts: (a) aircrew human errors
specific to each aircraft, and (b) aircrew human errors common to both aircraft,
Specific human error will be described according to number of occurrences,
number of major accidents and fataiities, type ofal.craft, major error categories,
remedial areasr, and types of error.

3
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Tablo' I

Type Of Error, Flight Segment, aptd riemedial Are.-a Decriptions'

Category Symbol Doicriptiofl

TAR ULf ror

Vigilance via Inadequate monitoring, discrimination, detection
and identification of possible problems; failure
to use sensory cues to detect changes In a display
of the'environmeist,

Procedural PROC Confusion of relationships and/or Implications;
the omission or misordering of required steps;
substitution of untested end unapproved steps;
failure to use all available information In deriving
needed solutions: use of Inappropriate problem
solving teohniques In decision-maklng.

Perceptual-Motor PM Lack of eyo/hntnd/foot coordination.

FI!LhjSegmentt

Servicing/Pre-flight/Post-fliglht I Time prior to engine start and followinig engine
oP shu tdown,

Start/Tuxi/ShUtdown I I Time between engine start and prior to takeoff
roll. .Time between landing rollout complecion
and engine shutdown,.

Taikooff/Landhig III Time within takeoff roll and lending rollout.
Time while aircraft Is airborne and within control
zone of air sort or ct'rrier,

Inflight IV Time in which aircraft Is airhorne and Is outside
control tone of eirpoi t or carrier.

Remedial Area

Crew Coordination cc Develnpmeot of the team concept-nbillty of two or
more crow meambers to work together In order to
effluiently carry out their assigned rnlis'loni.

Trnining TRA Re-education of flight skills and procedures through
ground/flight Instruction. Developrment of an awarow
nes% within flight crews concerninig the most common
problem areas within aircraft and how to prevent
their occurrence.

Discipline DIS Closer monitoring of flight crew behavior In order to
prpvent pu~rposeful violation'of ,NATOPS regulations..

Design UES Need for human factors appraisal of cockpit desiglip
wvhere thoro. appears. to bo . Po00 IntploaIco betweaer

mArtNO ad euipmen~all of enganrinj de fi cltienqes
within certain airoreh system$.



A. AIRCREW ERRORS SPECIFIC TO P-3 AND F-4 AIRCRAFT

Table II presents a pummary of the mishap statistics for the P-3 and F-4
aircraft. It should be pointed out that these mishap reports were based on
seven and five-year periods for the P-3 and F-4, respectively. As evidenced
from these figures, the number of major accidents and fatalitita were substan-
tially higher in the F-4 aizcraft. Whenever a major accident occurred, however,
the fatality rate in the P-3 was higher as a result of its larger crew size. When
scanning this table, it must be emphasized that the number cf errors are not the
additive results of major and minor mishaps. In some mishaps, two, three, or
four errors may have occurred, thereby making the number of error totals
higher than the mishap totals. Further, the definitions for a minor accident, an
incident, and major and minor injury are outlined in OPNAV Instruction 3750.6
series. However, the criteria outlined in this instruction are not stable and
could be redefined at any time.

Table II

Summary of Mishaps Involving Human Error

P-3 F-A
Jan 63 - Dec 69 July 66 - June 71

Number of ErrorH 345 437

Major Mishaps
(Aircraft destroyed or sutstantially
damaged) 11.4

Minor Mishaps
(Minor accidents and incidents) 294 111

Fatalities ,, 40 78

A ersonnel Injurles
(Major and minor) 11 76

A content analysis was performed on the individual human errors in an
attempt to estpblish major error classifications or categories. From the total
errors of the P-. and F-A, 28 major error categories emerged which in turn
established a foundation for error analysis and classification for this study.
These results are presented in Table III. Improper servicing/refueling/fuel



Table Ill

Arialyils of Major Human Errwr Caetgories in P-3 ndf P-4 Aircraft

-P-3 Aircraft F4 AA.ircraft
% P-3 Major Peatch. % F.4 Major"~qa
Error Accidents ties Error Accidents ties

AIRCREW HUMAN ERROR IN THE P-3 AND F-4 AIRCRAFT
BY MAJOR ERROR CATEGORIES.

A. Vigilunce 6rrors

1. Poor Instrument scan. J1 1 8 SkA 16 Is
2. i nadvertent/i ncor rect actuation of cockpit 4,1 .. .. 5.9 3

controls.
3. Poor monitoring, poor supervision, 2.0 *. 3.4
4. Poor pro, light Inspection-discrepancies 4.1 .. 2.7 1

not noted,
S.Poor external visual lookout, IA - .1.
6.Miainterpretation of hand signals. .. * ...

7. Inadvertent ungino Ingestion. .7

Vigilance Error Totais, 11.0 1 8 23.6 27 24

B. Procedural Error*

1. improper servicing/refuefinglfuel transfer 21.7 .9 1

2. improper ordnance handling/releasse 2.8 1 13 2.5 1 1
Iprocedu res,

3. Improper mainternance/troubleshootirill 2,3 . 1.1 1 1
procedures.

4. Poor engine operating/restarting pro. 2.6,8 .7 1
cedurts.

5. Checklists not complete. 1.2 1 .. 3.9 6 3
6. Improper prooodures vsad In a takeoff 3.5 .4.1 7 1

or a lendi~.g.
7. Poor communication proceduresi, .8 .1.2 1 1

pertinent information not communi*
cated,

8, lmnprop,- instrument/navigation pro. 1.2 1 12 4." 4 0
cadures.

9. Improper emergency procedures. 1.Z *. 4.8 1
10, Improper procedures within a thunder. 19 . .. .

storm ares,
11. Poor judgment, flight should not have . 11 1 2

been flown.
12. Performance of utieuthorizou actions, r.. ~
13. Parts not properly secured by sircorw. 23.5 *. .. 1.8

man, not checked for security.
14. Improper survival/ejection procedures. . . - 12,4 .. 13

Procedural Error Tot.la: 61.2 3 26 42 6 28 30

C. Peruoptual-Motoe Erroms

1I Misljudaed sato distance or speed. 3.8 .. .. 716 1s a
2. Poor controi of brakes. 16.8 . . 4.6 5
3. Poor rudder control. 1.7 1 1 2.3 3
4. Poor aileron control. .6 .2 .

5. Poop power/nosa control-coordination .3 1 6 3.0 3
of I oth controls,

6. Poor throttle control. 4,3 2 -. 4.3 11 .

7. Poot elevator controi, .3 ~ . 11.9 12 17

Peroeptual-Motor E1rror Totals: 27.8 4 7 33.9 'be 24'

.B....



transfer proc.odures, parts not properly decured or checked for security, and
.poor: control of brakes •wer e -te p.roninenrif error categories in .theP-I3 aircr aft
representing 62.0% of the total errox. Poor instrument scan, improper survival/
ejection procedures, poor elevator control, and misjudged safe distance or speed
were the significant categories in the F-4 aircraft accounting for 40.4% of the
total error.

Table IV presents the most significant errors in the P-3 aircraft. Loose
propeller oil caps, underserved propeller oil reservoirs, and brake applied
inadvertently accounted for most of the human error in the P-3 aircraft. Reined-
iation for these threc ee.rors involves primarily that of design, Since the time of
the initial preparation of this report, both thE propeller and braking systems
have undergone design changes, An examination by Lane (2) of the anthropo-
metric characteristics of P-3 pe,. sonnel involved in inadvertent braking mishaps
re'.ealed that the suat and rudder pedal adjustments were inadequate for pilots
with large buttock-knee lengths, and that thd location of the rudder pedal close
to the deck combined with inadequate instrument panel clearance encouraged
inadvertent braking, However, the effectivetiess of these design cthanges cannot
be determined until sufficient dsea have accumulated to warrant a new critical
ircident investlga tion.

The remedial areas of training and crew coordination were the most
important, as shown in Table V, in reducing the effects of the most significant
errors in the F-4 aircraft, Collisi.ns with other aircraft, ground or water dum
to poor altimetei instrument scan; poor external visual lookout; and misjudging
a safe distance or speed during formation, inflight rufueling and air combat man-
euvering are in mr~ny cases a result of ineffective crew coordination. These
errors could be 1.educed if each member of the crew properly monitors the
other's behavior. The crew concept in the F-4 is of utmost importance and
should be stressed at all times,

Elevator control is a recurring problem area in the operation of the F-4
aircraft. Excessive sink rate on glide slope and induced aircraft stall/over-
stress during tactical maneuvering indicate difficulty in the proper use of the
elevator control. Such errors may be reduced through a tr-C.n!ng program of
ground and flight instruction which strongly emphasizes the rlJosB' common prob-
lem areas of the aircraft and how to prevent their occurrence,

The 12 groups of errors in Table V accounted for 36,4% of the total error
in the F-4, while the eight groups of errors in Table IV accounted foir 71.3% of
the errors in the P-3, The diversity and frequency of human erro*,- in the F-4
as compared with the P-3 is Indicative of the difficulty and complexity of its
operation.

. i • . . . . . • . • . ...



Talble IV

Most Significant Airarow Errors in the P-3 Aircraft

No. of %grror Major Fatali. Remedial
Error Description Errors of Total Aceds ties Areas

A. Vigilance Errors

1. Poor preflight Inspection-discoepancles not
noted,

external carts loose or open 11 3.2 * .cc

U, Procedural Errors

1. Parts not properly secured by aircrawmsn,
not checked for security.

loose prop oil filIc" caps 79 22.9 . .DES

2. Improper ssrvW-'-q/refua~li.Z?#v,. transfer
procedures.

Ilow oil In prop reservoir 72 20.9 .. DES

3. Improper procedures used in a takeoff or a
landing,

landing gear raised too quickly af ter take.
off, inrdequate tire cooling period 10 2,9 . .TRA

C, Perceptuol -Motor Orrors

1. Poor control of brakes,

(is Inadvertmnt brake application along with
rudder during engineisl-out or rNgular
four-engine takeoff or landing. 47 13.8*. . DES

1b) poor braking technique during Ifoureangine
takeoff abort or landing 11 3.2 * .TRA

2. Misjudged safe ctlisvnce or speed.

*aircraft collisions on taxiwey or t ight line 10 2.9 .. cc

3, Poor throttle control,

*pitclilock Induced during aboried-takeoff/
landing by rapid manipulation of power
Into reverse 6 1,7 -2 DES

246 71.3 2 *. UES 59.1%

cc 6.1%

TRA 6,1%



Table V

Most Significant Airuav• Errors i1 the P4 AIrcraft

No. of % Error Major- Patali. Remedial
Error Descrlption Errore of Total Acods ties Armos

A. Vigilance Errors

1. Poor instrument soon.

of altitude indicator resulting In ground/
wdter collision 23 5.3 10 16 CC

2. Poor external visual lookout,

collision with other aircraft 8 1.8 1 6 CC

8, Procedural Errors

1, improper survival/lejvetior procedures.

(t) flight/survival equipment not worn 16 3,7 0.• Di8

(b) late ejection from an engine failure, unoon.
trolled flight or stalled aircraft 13 3.0 •. 11 TRA

2. Checklists not complete. (takeoff, landing, ete.) 17 3.9 5 3 CC

3, Performance of unauthorised actions.

flathatting, low altitude rol', unscheduled
ACM, acrobatics at lov'y altitude 7 1.6 4 8 W1

C, Percep'usl.Motor Errors

1, Poor elevator control,

(a) high on glide slop.), lowered nose, high sink
rate 21 4,U 2 •. TRA

(b) induced aircraft stall/ovarstrns during taoti.

cil maneuvering (ACM, bombing, et,) 15 3,4 11 7 lIRA

2. Misjudged safe distance or speed.

(a) collision during formation or inflight
refueling 12 2.7 7 1 CC

(b) collision during ACM 5 1,1 s 4 CC

3. Poor control of brakes,

poor braking technique during twoaongine
takeoff abort or landing 13 3.0 3 *. TRA

4, Poor throttle control.

high sink rate, not enough power on glide
slope 9 2.1 7 2 TRA

159 36.4% 61 59 TRA 16,3%

CC 14.8%

018 6,3%

S8 i :I
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A more detailed listing of the errors in tables IV and V are presented in
Appendices A, B and C. Appendix A contains all Vigilance errors for the P-3
and F-4 aircraft during the seven and five-year periods, respectively, which
are described ini this paper. Appendix B includes all Procedural errors for the
same time frame, while Appendidu C presents all Perceptual-Motor errors, Each
human error is desc~ribed according to number of occurrences, number of major
accidents and fatalities, type of aircraft, flight segment'and personnel involved.

Table VI presents a breakdown of errors according to personnel
involved. As indicated, 49.6% of all P-3 errors were attributed to the flight engi-
neer (YE), while 45,8% were attributed to the pilot. In the F-4, the pilot com-
mitted 77,5% of the total errors,

Table VI

Human Errors by Personnel Involved

% of Total % of Total
Airorewman P.3 Errors FP4 Errors

Pilot IP) 46.8 77.8
Redas Intercept Officer M) # N A 17.0
Flight Engineer (FE) 49.6 NA
Ordnanieman (ORD) 2.3 ONA
Flight Leader (FL) # N A 2.7
Crew . Pilot or RIO, not specified (CA) * N A 2,5
Toctical Coordinator IT) .6 #NA
Enlisted Crewman and/or Sensor Operator (CMN) 1.7 * N A

* Not applicable.

Table VII presents a breakdown of aircrew human errors according to
type of error and flight segment. The highest percentage of errors occurred
during Segment I (Servicing/Preflight/Postflight) in the P-3, and Segment III
(Takeoff/Landing) in the F-4. According to type, most errors were Procedural
in nature for both aircraft.

Table VIII presents a breakdown of major accidents and fatalities
according to type of error and flight segment, For both aircraft, most major
accidents occurred during Segment III (Takeoff/Landing) , while most fatalities
occurred during Segment IV (Inflight) . According to type, the findings were
the same for both aircraft, Most najor accidents involved perceptual-motor
errors, while most fatalities resulted from procedural errors.

10 4



Table VIi

Total Humdn Errors by Type of Error, Plight Segment and Aircraft

VIO PROC P.M Total

Plight P-3 - P.4 P*3 " FP4 P.3 F.4 P.3 p.4
Segment No-, tNo7 % WN7 % I No, % No,.- % No,- % No. % No," %

I 8erviciA1Pre.Plilght/ 14 4.11 13 3.0 157 45.5 I 31 7.1 -..... .. 171 49,6 44 1U.1
PostPllgt

II Start/Taxi/Shutdown .. .. I a 1.8 3 0,9 18 4,1 12 3,5' 11 2,6 1i 4.4 37 8,4

III Takeoff/Landing 7 2,0 27 6.2 10 5.2 , 66 15,1 84 24.31 96 22.0 100 31.6019 43,3

IV Infl•ght 17 4.Q1 55 12.6 33 9.6 7_1 16.2 . 41 9.4 50 14.5'167 30,2

Total: 382 11.01103 23, 211 61,2 1,6 42.5 06 27.8 148 33.9 345 100.0 437 100.0

Table VI II

Total Major Mishaps end Patdlities by Type of Error, Flight Segment and Aircraft

ViO PROC P.M Total

P.3 -7 .4 P,3 F.4 P.3 P,4 P.3 I P,4

Plight Me ataI Ml;j PatIi Mel atlil M Fata Mel Fatal. Mal Fetal. Mal Pietl.. Malj PFetl.
Segment Ace tias Ace Wtis Ace Itli I Ace Ities Ace Itil IAce Ittes Ace Itie Ace tels

I Bervioing/Pra. •• 1 .. .. .. 1 2 .. 2 2.. .. .. 2
Plight/Poet.
Flight

11 Start/Taxi/ .. . . . . . 1 . . . . . . 2 ..-

Shutflawen

IIITskeuff/Lend- ... .. j10 10 1 .. 17 9 4 7 131 9 5 7 58 28
Ing

IV Infltght ¶ I 1 16  14 2 25 0 19 .. .. 37 15 3 33 t2 48

Total 1 8a 27 24 3 25 20 30 4 7 59 24 8 40 1114 78



B AIRCREW HUMAN ,RRORS COMMON TO BOTH P-3 AND F-4 AIRCRAFT

Table IX presentis.a listing of human errors which were found to be com-
mon to both aircraft. Twduty groups of errors were found to occur in both the
F-4 and P-S, representing 18.8% and 22.9% of the total errors (F-4: 437, and P-3:
345) respectively. While common errors can be isolated across these two dis-
similar aircraft, they comp? ise a relatively small percentage of the total errors,
The majority of ezrors are concerned with characterist4cs 'which are unique to the
partiuular aircraft, Neverthelese, the finding that sotae -oommon errors do occur
indicates they should receive Zreater emphasis early in training,

If these twenty errors were to be restated as training objectives for stu-
dent pilot ectucatici.a, they would read:

1, Develop proficiency in the follcwing areas:

a, taxiing the aircraft on the ground.

be maintaining glide slope with the power control and the coordi-

nation beiweer, power and nose attitude,

c, maintaining line-up on the runway with the use of rudder con-

trol during both ncrmal and engine-out operations.

d. stopping the aircraft properly %dth brakes during the rollout.

a. maintaining altitude with a proper instrument and visual hori-
zon scan.

2, Develop an awareness of the importance of the following areas:

a. performing a proper preflight inspection,

b. insuring landing checklist completion,

c. computing aircraft weight prior to landing,

d. preventing inadver'tent brake application along with the rudder
while maintaining line-up on the runway.

e. cross-checking airborne position with the use of available
navigational aids,

12



* . Table IX

Alrerew Human Errors Commor to liath P.3 and P4 Aircraft

P,3 Aircraft P 4F1Airoraft

.iU I , 11-_
A, Vigilance Irrors.

I. Poor preflight inspeation~discrupancios not noted
external parts loose or opn, doors or panels, P .. .. 6CR 7, 1. .1 CC

2. Poor instrument san,
altitude indicator, eollision with water/
ground while en route to destination or fly. 2P
Ing In on a night turfcec ontuct, IV IP 1.3 1 J 2R 4,9 2 4 C#J

J. Poor monitoring, poor supervision,
checklist completion not monitored, gear not
down ftr landing, ill IP 1.3 2- 2,4 2. CC

4, Inadvertent/lraorrect actuation of cockpit con.
trols.
la) ordnance switches, rocket launcher jettisoned

due to twitch in drop position or wrong
station selected. IV 21P 2. . .5P 6 1 ..... DE

(b)dghine/fuel switches, main fuel tank valve
switch closed ur alvated "OFF" amusitng
angine to shutdown, IV 2P1..11 1 . .2.P 1, 1 .2 0. 0

Vigilance Error Totals, 13P 19.0 1 6 OP 21,9 2 42P1 411

OCR
U, Procedural Errors,

1, Improper ordnance hsndlIng/relussa procedures.
. bomb/napalm delivery below recommended

altitude, aircraft damaged from collision with 3P
trees or bomb/napalm blast. IV 1P 1... iR 4.9 .. DiS

2. Improper engine opersting/restarting procedures.
: engine restart.lack of knuwledge or poor pro. V 2P
ceduree concerning engine restart, IV 4P16 .0 . iP 12 .. T71

3. Improper Instrunmant/navlgation procedurex,
• poor Inflight navigation procedures, did not

use available navigational aids to crosascheck P
position, IV 2P 2, 1 12 IR 2,4 .. . TRA

4. Checklists not emnplete,
. gear up landing, landing checklist, III 11 1 1 .. 2P 2,4 1 " CC

S. Improper proceduros used in a takeoff or a
landing,

unauthorlsed overweight approach and land.
Ing attempted, Il 11 1 .. , IP 1,2 1 •. DIE

Procedural Error Totals: 7P 13, 2 12 8P 12,1 2
4FE 2R

C, Perceptuel.Motor Errors,
1, Misjudged sate distance or speed,

Is) aircraft collisions on taxiway and flight line
with other aircraft, revotment, indloator
lI g h t o r sa Iw h o rse . II O P . .. S P 8 .e 1 1 1 . C C ,

(b) aircraft taxied off taxiway, II 1P .1 . 21 2,4 ... CC
(a) overroo runway on landing rollout. III IP .. 11P 1,.,, ,, CC

2. Poor Throttle Control,
Is) high sink rate; not enough power on glide

slope, ill 4P 5 ..1.. 91S 11,0 7 2 TR"
(bi not enough power .'n glide slopij, low on

final, collision with drydock,'•awall or
landed short, Ill 2P 2. . .. 3 P 3.7 ;, - TR

13



Table IX (Continudd)

Air~mw Human Irrors Common to Both P3 and 124 Airaraft

P-3 Aircraft 04 AI craft

o!! il ! it 1
•high Wmfk rate on glide sllope, low powpir

#nA high note attitude. I 111 1.3 1 a OPI 9.8 3 .. RA
4. Poor conitrol of brakus,

(0, poor braking technique duringl takeoff
P.bort or lindilig lduir to too much brak.
Iag braking too early, and braking at
h0Itl opod, III 11P 13,1.. . 13P 13.0 3 .. TRA1

(bi Inadvertent broke oppliestlon with rud.
dier t",uring reglular (81U*4ngltis fullatlon.
I" ) tekqoff, landing, or aborted take.
all. III 21P 26,ouI 3P 3.7 1 iORO

5. Poor rudder control,
(a) swerve doveiopbd during regular takeoff I Ir

or landing, III I P 1.3 1 1 OP I1.o 3 .. RA
lb? swerve developed during snolnruls).out,,keoff/landing, ,lI L- g3 .. ,P 1,2 . TRA

f. InrsurC ng proper selection or Cockpit switchs to prevent Inad-
vertent ordnak oe drops or engine shutdown,

g. releasing ordnance at the recommended altitude.

h. know4n, "Irborria engine restarting procedureo.

Flight Segment III n Takeoff/Latiding), Perceptual-Motor type of error,
and pilot error had the most oommonality across the two aircraft, From the

table, It is evident that the remedial alrea of training its the most important to
those errors in common, This would re-emphasize the importance of over-train-Ing the bommon too earl dly in training,

h•p..l 1 .



DISCUSSION

The results of +his study indicaa.e that while common errors can be iso-
lated for the P-3 atnd F-4, their frequencies are relatively small. The majority
of hunman errors wore specific to the aircraft. Such r•rror specificity is most
evident in the F-4 As indicated by Table V. While these most significant errors
were numerous, they accounted for a much smaller percentage of total error
when compared with the P-3. These diifertinces in diversity are related to the
characteristics of the two aircraft as welt as to their flight missions. Tho per-
centage of commonality should increase, however, as the similarity of the two
aircraft increases. In a comparison between twn different fighter aircr'aft such
as the F-4 and F-8, human error ;.- mmon to both snould be quite high dun to
their similar flight missions.

As indicated earlier, the mission objectives and fEight characteristics of
the F-4 and P-3 ar'e vastly different. The demands placed upon the crew are
conseq.iently not the same, As Table VII indicates, the human error occurring
during Segment IV, Inflight, to much higher in the F-4, Tt is likely that inflight
operating procedures and characteristics are responsible for this difference, To
fulfili its mission objectives, the P-3 must fly "straight and level" at subsonic
speeds for extended periods of time, while the F-4 is often engaged in scrobat)c
maneuvers near or above supersonic speeds in which the aircraft is operated at
or beyond its normal f"ght envelope.

Crew coordination, which ti of great importance in both aircraft, is
further confounded by these differences in operating characteristics. The P-3
is a more forgiving aircraft due in part to the speeds at which it normally oper-
ates. Generally, there is more time to correct a mistake whenevei an error is
made, Furthermore, there are traditional influences which tend to reduce effec-
tive crew coordination in the F-4. The F-4 Is the first modern naval 'fighter air-
craft to have a crew member other than the pilot, Acceptance of the role of the
WVO has often been limited due to its broak with the traditional singlo-seat
fighter aircraft. Such begruding acceptance of the "man in the back aeat" has
been more pronounced among squadron personnel who have transitioned from
single-seat aircraft, Until tne team concept As accepted by both members,
ineffective crew coordination will most likely continue within certain crews.

Violations of flight discipline were more numerous in the F-4, Failure
to properly wear survival equipment and the performance of unauthorized man-
euvers constituted the major categories of such violations. Again, it is sug-
gested that such differences i eflect the operating characteristics of these two
aircraft. Proper use of survival/flight equipment is more critical in the F-4,
Violations, whenever they occur, a. a more likely to manifest themselves in an

15
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injury, Again, the F-4 is mort demanding and proides little tolerance fnz
human errors. Performance of .,mauthorized maneuvers most likely reflec•,
differences in both the aircraft anA the pilot, Obviously, the F-4 is designed
for acrobatic maneuvering, while the, P-3 is not. Par ly due to tradition, the
fighter pilot is more likely to engage in such displays of irrational individuality.
For the same reasons, there may be somee tendency among squadron commanders
to overlook such violations which reflecw combat aviation's history, Flight dis-
cipline, like crew coordination, represar,fs a problem in the F-4 community
which is in l.J•rt due to its heritage,

While possible design deficiencies accounted for a sizeable number of
errors in the P-3, it is encouraging to note they were involved in relatively few
major accidents and no fatalities. As indicated, several design changes were
implemeinted in order to eliminate certain service and braking problems, In
the F-4, possible design deficiencies were cited concerning the inadvertent
actuation of certain cockpit controls, Again, the design of controls in the F-4
is more critical due to the normal operating envelope of the aircraft, A human
factors appraisal of thi ,.)1"nance and canopy jetteson systems appears to be
warranted.

The last remedial area, training, presumably subsumes ill those
errors riot included under the other three categories, They include certain
procedural errors as well as most perceptual-motor errors. Ultimately, the
problem is one of a search for better training methods. For example, how does
one best train the psychomotor coordination necessary for proper glide slope
control? Two solutions are possible. First, the amount of training can be
increased. Xn other words, the training ayllabus can be lengthened. Secnnd,
the search for better traint?,g techniques can be continued. The use of flight
simulators represents a promising area for training research.

An alternative to better training prucedures is that of better selection
methods. Under the assumption that better pilots will commit fewer errors, is
it possible to improve the quality of the incoming aviator material? Should cer-
tain individuals be assigned to one pipeline rather than another? Improved
selection and training methods are necessary if hurmtn error is to be appre-
ciably reduced.

The value of the present stucy lies in its definition of those problem
areas which should be emphasized in training, A re-education of flight crews
concerning these potential errors may be of value, The most significant gains
should be realized in replacement air 'group training. Those aviators who ,are
first introduced to training in a particular aircraft are tý i most susceptible to

18
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Affect change. Emphasizing the consequences of these potential problem areas
may promote an awareness which may be instrumental in redu.ing future mis-
haps.

Despite their value in the study of human error, the techniques used in
this study have certain limitations, First, not all mishaps are reported.
Second, the technique is dependent upon the reports of people who are
influenced by such factors as motivation, perception, recall, and the desire to
look good, Third, some of the causes of a mishap cire based on conjecture as a
result of the aircraft being destroyed or the deaths of the crew members,
FoL~rth, the accident reports, though based on trained and experienced opin-
ions, are nevertheless subjective and open to error. Fifth, the content analysis
of the reports depends upon the subjective evaluations of the investigators in
terms of error classification, Sixth, there was no poasiblo way to relate human
error statistically either to opportunity of the personlnel to perform the error,
to aircraft flight time, or to number of mission sorties. Lastly, the numnber of
errors recorded in the commonality analysis does not truly reflect that one
error is more important in One aircraft than in another, simply for the reasons
statcd above.

At each of the above phases, the possibility of error exists. It is likely
that the pilot's humnan error becomes confounded with the researcher's humnz
error.

17
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APPENDIX A

ERROR A.- VIGILANCE ERRORS FOR P.3 AND F-4 AIRCRAF~T

(SEVEN AND FIVE YEAR TOTALS RESPECTIVELY)



I P4 Aircraft P.4AIrtraft

Human _Major Patall. Human Maoar Fatall-
firmt &aW&%Lilu AuAcL.Agaidit Alk

I. Flight Segment I.- Servlelng/Pre-flight/Poat-flight

A. External parts loose or open, poor piviflight
inspection.'discerancies not noted.
1. Doors or panels. 9F 6CR -

2. MALD boom fail COIDo. IP *. *

3. Tiedotvn strap buckles in bomb bay. I? . .

4. RAdomne assembly. ICR/ I
I1'

S. Z'Ab ballut. - ICR
TOTAL: I C

Ui. internal rarts loosepoor preflight inspection..
discrepancies not noted.
I. Election seat utl looked in place. IP
2. Parachutes..I

TOTAL: IT * . IP

0. Ports not removed fromn alrersfi, poor preflight
inspection..disorepanecis not noted.
I. Cooling air scoop plat assembly. IP . . -

2. 'Fire worn. . .. . ICR
3. Thrust neutralixers. . - * , 1 IC

TOTAL.: I P . 2CR

DI. Inadequale clearance between parts, Poor pre.
flight inspiection..-discrepasncicm uot noted,
1. Parachute flare (hispegnser daiatuged whent

bomab bay doors were closed. I P - .

TOTAL: I P .

E. Inadvertent actuation of cock pit controls,
1. Throttle lever insdvertentlý struck causing

flame (*ngsoilon fromt tailpipe. I.1p

TOTAL: . - IP

TOT"Al ERROR SEGMENT I- 13P' I. * 1
iT .. .. 3P

If. Flight Segment If.- Start/Taxi/Shltdown

A. Poor monitoring, poor 4upervisoion
1. Failure to notice wings uiot folded after

landing, poor checklist nionitor~ng. l. . . iR
2. Refuel probe extended while mainteanace. .. . . IP

man on wing checking radar scope, knjocked .. . . lit
off Wing.

B. Refuel probe extended catching RIO'n
finger, pilot not monitored, . * IR _________

TOTAL: . , . 1

Ao..1

..................... I...



P-,, Airraft . ... F. Alrorift .

Human Major Fatia Human Major Fatall.
Errors Aocdents tin Errors Accidents ties

I1. Flight Segment Ii (Continued)

H1. Misinterpretation of hand signals.
1. Signals of taxi director, collision IP

TOTAL- IP

C. Inadvertent engine ingestion.
1. Safety pius (face curtain, neat pin, gear

pins) ingestld into engine. 3P
TOTAL: ... .. .. 3P

TOTAL, ERROR SEGMENT II: .. S.. . P
31

Ill. Flight Segment Ill: Takeoff/Landing

A. Poor moniitorJing, poor supervision.
1. Gear up indication not noticed, poor

checklist monitorinig. IP 211
2. Flaps not down for takeoff, poor check.

list mIonitoring. 2.. .... ..
IP

3. T.O. checklist an Jt complete, runlup not
done, pilot not challenged. IR

IFL
4. Poor supervision, failure to take control

of A/C in time to prevent mishap. 5P --

TOTA LU 6P t51
Ip
IFL

Ii, Poor Imistruimeni sean
1. Altimeier Indicator

(a) Break for laliding at field/ship. ground/ .. . 2P 2 8
water collision. 211

61) 904o position durLig field approach, • . .. .. IP 1 2
collision. 1R

(c) 75o heading ehange during CCA .. .. .. IP 1 2
approach, collisioll, I I

(d) Wave.off fronti field landing, collision
on up.wind Imurn, l. 1P 1 2

(e) Bol ter, did not rotate, collision. . .. IP
(f) Engitne secured after takeoff, preoc... IP

cupied with enterency, collision. 1R
2. Angle of Attack andAlrspeed Indicators.

(a)Wtreak at field, preoccupied with air.
4-,aft traffic, stall. .. . .. .. IP

(b) Instrument approach to field, stall, • . .. .. IIR
8. Vertigo/diorientation, overall scan.

(a) Night approach to carrier, hih rate of .P I
descent, raanp strike., h

Fa4. allure to recognize pitchlock condition. FE .

TOTAL? IFE 1... lOP 9 10..

A-9



P4 Aircraft P.4 Alrokaft

Human Major Fatali. Human Msj,;r Fastal.
errors Accidents ties Errors Aocidents ties

C. Inadvertent actuation of cockpit controls.
1. Canopy jettisoned by arm brushli cock.

pit release lever. 2P
2. Autopilot actuated, aircraft over.rotated

on cat shot, stalled . iP 1

TOTAL: 8'P 1

TOTAL ERROR SEGMENT III: 6P .. .. i4P 10 10
IFE 12P

I FL

IV. Flight Segment IV: Inflight.

A. Poor instrument scan
1. Altimeter indicator.

(a) Water collision while en route to des.
tlnation or running in on a night'iur. 2P
face contact. IP 1 8 2R 2 4

(b) Bomb pattern, recovery too low, dan.
Se from bomb. .. .. .. R

(c) Bomb pattern, aircraft too low, over- 2P
stressed on pull.out or water collision, . . . . . 211 1 22. Air combat maneuvering, low fuel warning 2P

light Illumination, flameout ... .. .. IR 2
3. Al rscod and ingle of attack indicators. 311

(a) Bomb pattern, aircraft stall... .. .. IP 1 2
4. Disorientation, overall scan.

(a) Holding pattern In turn, stall. IP I
i. Cabin p~ressure climbed unobserved, I I0E .. ..
6. InflIght refueling, refuel pressure gauge

not seamiued .. .. . IP .
TOTAL: IP 1 8 9P 7 8

irk I111
B. Poor monitoring, poor superviior;.

1. Poor supervision of trainee. 1 FE .. ..
2. Inadequate monitoring of another aircraft's

fuel. flameotd ... .. . * 2FL
3. Failed U, question flight leader'm erroncous I P

position. .. .. .. R

TOTAL: IFE .. .. 2FL
I P

Hi

C. Misinterpretation of hand signals.
1. Misinterpretation of hand signals between

wing and lead aircraft while in formation,
collision... .. .. IP .

TOTAL: .. .. .. IP .

~. A~t



Sp•.Alrarh .... FA Alroraft ..

Human Major Patall. Human Major PFal,IIrrors Aeoldents ties |rrarm Accidents tles

D. Poor external visual lookout, aircraft collision.
1. Bomb pattern, another F4. I .P .

IR
2. Cli,..oout, KC 130 and F.4. IP 3 5IR
3. En route, F.8. .. . . IP 2 1

IR
41. Iflight refueling, A.3 mid.air on break. IFL

away from tanker. • . .. .. IP 2 .

TOTAL: .. 4P 7 6
1FL
8R

E. Navigation Equipment, Inadvertent/incorrect
actuation of cockpit controls.
1. Wrong TACAN channel selected, wrong IP

position computed, flameout In both IR 2
aircraft.

2. Navigation error due to movement Of
AIIRP control from slave to free position. 3P

TOTAL: 31P .. .. IP 2
Irt

F. Ordnance switches, inadvertent/incorrect
actuation 'of cockpit controls,
1. Rocket launcher/POD, wrong wing station

selected, jettisoned. . .S... P . .
2. Missile fired, Inadvertent actuation, . .. .. 2P .
3, Bomb dropped, inadertent actuation, air.

craft's wing damaged by bomb fragments. . .. 2P
4. Rocket launcher dropped, switch lI drop

position., IP
5, onobuoy inadvertently released while

chute pressurized, airspeed abo ve mnaxi.
mut. retonkigended for release. IT . .. ..

6. AGU 12 l1.railsjettlsooed during ditching
drill. IP

7. Wrong switch selected on bomb run, bomb
not released, preoccupation with correct
selection, ground collision, • 1.. .. IP - _ -.

TOTAL: 2P .. t.. lop
IT

G. Fuel/engine switches, inadvertent/ineorrect
actuation of cockpit controls.
1, External fuel tank jettisoned, fuel lank

switch mistakeh for fuel transfer switch. .. .. 1P .
2. Inflight refuel probe extended. • . .
8. Main fuel tank valve switch closed or

seleýcted "OFF", engine shutdown, 2FE .. .. -IP .
4. Feather switch bumped, engine

feathered, ICMN .. .. .. .. ..

TOTAL 2FE .. .. 4PICMN

AA
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P-3 Alraraft P4 Airwraft

"Human Major Patali. Human Major Patall.
Errors Aseldema Assa Error" Aeldeatn tis

II. Canopy jettiooned, inadvertent actuation of
cockpit controls.
1. Umed lever to pull/steady/turn body. .. 4R
2. Brushed lever with arm to changu radio

frequency or manipulate switch on if,
miulle control panel,. ... . R .. ..

TOTAL: K.. .. SR
IP

F Engine fire extinguisher, Inadvertent/incor.
rest actuation f cockpit controls.
1. HRD bottle discharged on simulated

engine fire. wrong circuit breaker pulled. iFE ..
2. Fire extintuishing unit discharged into

wrong engine during transfer. IP .. .. ..

TOTAL: IP .
IFE

J. Electrical switches, inadvertent actuation of
cock pit contrims.
I. AU bus ciruit breaker popped from being

brushed against. 2CMN_.. .. .. .. ..

TOTAL: 2CMN .. ..

K. Prop control, inadvertent actuption of cock.
pit control..
1. Power levers moved during prop indexing

for a pitchlock. IP

TOTAL: IP ..P..

TOTAL E3IROR SEGMENT IV: uP 1 8 31P 16 14
SFE 21k
IT 3pFL
3CMN

TOTAL ERRORS (ALL FLIGHT
SEGMENTS: 27P 1 8 53P 27 24

6PE 36K
2T, 4FL

3CMN lOCR

A4



APPENDIX B

ERROR B1. PROCEDURAL ERRORS FOR P.3 AND F4 AIRCRAFT

(SEVEN AND FIVE YEAR TOTALS RESPECTIVELY)
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P43 Airaraft P4 Alrraft

Human Malor Patui , Human Major Patll.
Errors Accidents ties Irri•s Aidaents Wtes

Flight Segment I: Serviclng/Pre-flight/Poat-flight
A. Improper surival/ejeetion procedures

1, Helmet chinstraps cut off, .. . . IP
2. Helmet not brought in for check, earphones

wiring loose, vior krewom ain. iP .
.i. Pasenger no. equipped with fligt boots or

flight suit ..... 2P
4. Passenger allowed to have suitcase on lap. .. .. IP
5. Alternate seat ejection guard set "up", IP

detertnined not to be used. " .. .. .. iR
6, Lo straps out off survival vest... .. .. IR
7. Survival vest not worn. IP ..**

8. Ejection seat leg restraints not used. .. .. .. P
IR

9. "G" suit not worn ... .. 2P
10. Failed to carry required ign, devices.. 2R

flares, strobe light, emergency radio, IP
11. Reflective tape not worn on helmet.. .. .. IP

TOTAL: .. .. 18P1 .. .
SR

B. Improper servicing procedures.
1. Low oil In prop filler reservoir, 72FE .. .. ..
2. Overservicing caused prop oil reservoir leak, 1 FIr .. .. .
3. Overservl ing caused engine oil tank leak. I FE

TOTALU 74FE

C. Improper ordnance handling/unloading pro.

I, Straps grabbed, blade tripped, lORD .. .. .
2, Did not wait five minutes with 0 psi prior

to unloading inechanisnm, buy fired, lORD .. . . .. .

TOTAl,. 20RD)

D), Improper briefing procedures, per'inent infor.
malltn not eomnmunicated.
I. Not briefed for carrier break at field, -.!u to

1500' vice 800' break, collIsui. .. .. .. kPL
2. Not briefed as to proper forniation position

for wing aircraft, collision ... .. .. 1FL
3. Not briefed properly concerning lead change,

collision ... .. .. I FL
4. Passenger not briefed properly for inlight

election, used seat vice face curtain ejection,
thought he was too tall for curtain ejection... .. .. iP

TOTAL: .. .. .. 8FL
Ip

E. Ini poper instrunent/flight planning procedures
1. F t lit planning conceming didtance

sind fuel. farieout .. .. 2P . .
2. Fnllitre to be aware of hazards in area,

collision with mountain... .. .. IP

TOTALt .. .. .. P I

-t1.e.



3J

P4 AIraraft P.4 Alraraft
Human Major eataI. Human Major * Fatall.
Urrotr Aeuidant, two irrors Aeedenu Itln

F. Improper post.flight maintenance i roceduar.0 ,
1. Engine not visually inspected anter shutdown.. . ICR
2. Downing gripe (fire warning light illumi.

nation) not reported on yellow 4heet. IP

TOTAL: .. IP
ICR

G. Poor judgment, flight should not have b~en
flown.
1, PNlot and pasenger not NATOPS quclified

to fly F.4; . . 2P
2. Impaired thinking due to heavy drinking,

hangover, fatigue, collision. ._ .. .. 2P 1 2

TOTAL: .. . 4P 1 2

H. Parts not properly secured by aircrewman, not
checked for security,
1. Loose prop oil filler cap . 79FE .. ..
2, Loos engine oil tank filler cap. IPE .. ..
3, Loose fuel tank cap. IE ...

TOTAL: 801E .. ..

TOTAL ERROR SEGMENT I: 1I5 FE 22P 1 2
2ORD 5R

ICR
$FL

Flight Segment II: Start/Taxi/Shutdown.

A. Checklists not complete
1, Pitchloch reset circuit hreaker not pushed In. IFE .. ..
2. Wings not folded after ianding.
3. Abbreviated preotaxi chocklist, flight con-

trois not checked. • .. .. 1 p
4. Canopy improperly aecired, tape not checked .. .. ...

fr alignment. 2K
5. Post.land checklist, throttles in idle vbce

cutoff. IP
5. AFCS engaged, pre.taxi checklist, • .. .. IP

TOTAL: IFE l.. .. lip
21

B. Poor ground einline operating procedures.
1. Power addeld without direction, man

injured. • .. .. IP
2. Engine not secured prior to tow, collision . . . . . I P 1 .,
3. Compressor tall/overtempnrature due to

engine oeration In low RP/I/ISh ambienttemperature, 2P . . . . .

TOTALs 2P .. .. 2P I

0.4



P4 Aircraft P4 Aircraft

Human Major Patall. Human Major Pstall.
Errors Accidents ties Irror. Atildent. tin

C. Pooriudgment, flight should not have beenflow .

1. F light should have been cancelled due to
taket ft delay, inadequate/faulty starters,
fuel sda•rvtion, collaieon. iF "

TOTAL: ... iFL ...

D. In toper refueling procediures.
1. -Unauthorized actions by pilot duriag hot

refueling, refuel etw ditracted/confused.
hoae removed prior o shlutoff, fire. • ... IP .

TOTAL: I.. .. P . .

E. Poor communication procedures, pertinent
information not commnicated.
1. RIO not notifLd of refuel probe extension,

finger caught. •_. .. .. 1P .

TOTAL: 1 P
TOTAL ERROR, SEGMEN'' Il: IFF .. .. 1FE'

2P IFL

Flight Segment III: Takeoff/Landing. 2R

A, Improper Emergency Procedures.
1. Hydraulic failure, aircraft landed prior to

LSO on radio. IP .
2. 180 too close for slitle engine landing, .. I P
3. Failure to wlect optimum runway for field

arreetment, runway selected was shorter said
had a cioswind. •. 2P .

4. Bird ingested during landing rollout, engine
should not have been secured, aircraft
swerved.. IP ..1

5. Engine problem, single engui, approach not
performed. •. P .

6. Merest cable snap, engine not shutdown, IP .
7, Drag chuie strenmered on landing, tailhook

not dropped. IP
8. Blown tire. now- gear dteering sol tised. • .. .. 2P.
9. Fire warning lig!J illumination, warning

light circuit breaker aidd possible engine .. IP
malfunction not checked. 1lR

10. Flameout on takeoff, external stores not
jettisoned. IP

II. Bridle failure oat take' off, failed to follow
proper procedurus... .. .. IP .

12. Gear d id not retract on takeoff, landitis cir.
cuit breaker not pulled, 1•P

18, Engine secured during takeoff, afterburner
not maintained on good englie,. 1P .

14. Takeoff aborted, tallwind not considered, . IP

TOTAL: .. 16P 1 .tR



P-3 Aircraft PA Aircraft

Houme" Maor. Fatall. Human Maow Fewa.
Irmoa Uednto tisa Errata Auldnan 0"a

R. Inproper nsatrument/Navigation Proceoures
1Aicatbelow minimuma on approach and

2. Did not mantain assigied altitude. le.. 1
IR

S. Radar altimeter not tamed on. *.IP

4. Instrument departure not performed, a.t
.tempted to reqpaln VFR. IP I?

TOTAL: . IR I
4P

C. Improper aurvltrai/ejction procedures,
1, Ylar up onejection, .. . . IP

2. Gloves not wora on ejection, * 2P
8. Late ejection from an engine failure. lIM/2P .

TOTAL: *. SP a.
211

D. Drag chute not deploy'ed, improper proceduresa
used In a takeoff or a landing.
1. During ana#boiled takeoff. IP
2. During landing, . .. . 81) 2

TOTAL: .. . . 9p 2

E. Checklists not complete.. 2
1. Gear up landing. Ip I2
2. Haurness not locked onl landing, lit
3. Wings folded on takeoff. .*IP

4. Flight controls not checked for takeoff,
loiked controls. . 2P I

5. Engine rulk-Up nlot COanPlOte IP
6. Flaps up on takeoff, aircraft ovem.rotsted. .. .. 4p 3 8

TOTAL: iP 1I * lop 5 3
IR

F. Improper procedures used lit a takeoff ur land.
Ing, landing lights not turned onl when vialbihity
was poor. iP 1

TUTAL: . * IP I1

G. lin rope~r naainteiinance/troublealiooiltng pro.

1. Low lip on No, I engine, possible evcraft
malfunction not checkied. IP . . . .

2. Anti-lee light Illumination, cause not inveati.
oi 81,.3p . .. .

S. roselblo brake problem noticed, not In.
veatiated .. . .* iP *

4. Engine instruments not checktil. catapuilt
oficer iAluted, engine failure on takeoff. . . P 1 1

TOTAL: 4P . 2P 1

84-



P4 Airwaft P4 Airraft

Human Major Paltal. Human Major Patll.
IError Aidents tim Irrors Aeldsnts tim

H. Aircraft controls released/raised too quickly on
take-off, improper procedures used in a take.off
or landing.
1. Flaps raised prematurely, collision IP 1
2. Brakes releaaed prematurely, after.burner

selected, wing aireraft thought lead had com-
menced takesoff, collision, • IP

8. Gear ralsed prematurely, tire. blew upon
retraction d:e to an inadequate cooling
period. ' lOP .. .. .. ..

TOTAL: lOP 2... 2P 1

I. Poor conununicatio;: procedures, pertinent in.
formation not communicated,
1. Failure to notify pilot of pitchlock. I FE .. .. ..
2. Proper verbal ejection command not stated. .P
3. RIO ejected, pilot not told. . IR
4. S•ip not Informed of engine difficulty. I P
5, Tower not notified of field arreutment

desired. IP
6, Wave.off lights for No, I aircraft, No. 2

with low fuel state waved off without check.
ing with LSO, colliion. •. .. .. p 1I

TOTAL: iFE * 4P I

J. Overweight landing attempted, improper pro.
cedures used in a take.off or a landing.
I. Overweilht landing necessary due to

diminiaking weather, rollout not computed. IP .. ..

2. Unauthorized overweight landing, tire failure, IP
S. Unauthorized overweight approach to a

landing, stall, hard landing, fire. • . .. .. IP 1

TOTAL: 2P .. .. IP 1 -.

K. Wave-off not executed when aircraft In poor
situation, improper procedures used in a take.
off or a landing.
I. Section landing, wing aircraft had an exces-

sive sink rate .. . . . 2P 1
2. Aircraft set up to land on wrong runway. . IP .
8. Morest cable snapped. .. . IP
4. Tire blew on touchdown. .. .. IP 1

TOTAL: .. 5P 2

L. Performance of ,'rauthorized action.
i. LSO waved aircraft off due to being high,

pilot disregarded and landed. • . .. .. II 1
TOTALt .. .. . IF 1

TOTAL ERROR, SEGMENT mIs 17P 1 60P 17 9
IFE 611

.'4 .

.•: !• - • -. . . . -. * • ,- .,.- -t . . . . .5 ... - .. .-. . " . : . • . ; .. • . . . . ,



P4 Alraraft PA Aircraft

"Huma Meajt PAtUH. Hu1mon Major Patali.
Error A04cidents ties EIrta Accidalnts ths'

Flight Segment IV: Inf light.

A. Imroe emrgency procedures.
1. imrope stall recovery, failed to raise fleps,

drPag ht deployed prematurely. I
2Smoke n cockpit, front canopy not jetti. i

S. Fire warn light illumination, did not land
immediately. .. P.

4.E ie ureti prior to determining If actual
"nm~afun~' ..-n, erroneous reading2 oni IT
gauge and nonexistent fuel leak. 2P *' .

5.FIlure to secure engine with low bleedi air I
6. Failaure to. disconnect when Inlet discharge

gage indicated 0 differential. WFE
TOTAL: 8ip . . 4P

1 FE
B. Improper survival/ejection procedures.

1. -Necks on exposure suits open during tjection, *. . . IP
exposure from cold water I R

2. Ejection lever on seat Pan not pulled far
enough, no ejection. .. . . 2P

3. Face curtain not pulled far enough, no

4. aih eed ejection, face curtalin not used. . . 11 .

5. Lt 4 ectionl fromý an en1ginie failure, uncon* . .. * 411 . 8
trollIs flight, or stalled aircraft. 6p

6 . Ilelitiet visor up. eyes dainaged froma a bird . . I P
strike. 111

7. Helmet chinatraps loose, helmet lost on
e1ectio1. 311

8. 0Z mask not worn or not attachied to both I.. 1R
aides of helmet. IP

9. Gloves muc worn during ejection, Imanda
burned. .. .. *. 1

10. 1185K said raft not deployed durii~g descent,
hard lanin.. . IP

I. Survival 'iIi.kit I at during ejection, not secured
to torso harness. . . . R

12. Raft not Inflated, drowned. 1 R .

13. KOCK fitthigs not unfastened or released
quick enough, en tangled in parachute. *. . . 21

TOTAL: lap.11 . 1.0
16R1

C. Checklists not complete.
1. IFR penetration descent, pitot heat off, no

'I"~ ecd or altimeter Indications. 1. .

2. IIWbottle discharged on simulated engine
fire, circuit breaker not pulled. 2FE . *

TOTAL: 2FE . IP



*.rirnm rai ;'o rimas ari Pal4a. .. . .P..all.S . .. . ,.. a,.IO , . ! t ~ l • .
a•, . . . 3;' ..... •.. i ",__ - .~

D. Poor cptvmstlcatioo procedpreo,Derdt"M-nformation not 00o4undcated, .

I. Valliae to tell pilot andTACCO of Inflight . ."-
maintenance oi*nobuoy, chute. ' . lORD .. . .

2. ICS mal(Unction, RIO .jicted, tiought pilot.
said to eject, nothing wrong wlik aircrat, I
ejected without checking rieraft or pilot.. 1

8, V'ailidto advise replacehient pilot of proper
stall recovery technique. . .K . .

4. RIO disoriented, pilot asked to rollout,
pilot thovght something was wro,, because
of RIO bi ing eicited, iN'a' pulledTon air.
craft. IR . • •

S. inexperienced wing flying complicated man.
euver, lead failed to brief wing of proper
position, collision. . . . IP .

TOTAL: lORD • ., R
1P

E. Improper instrument/navigation procedures.
1, Failure to maintain Minimum Obstruction

Clearance Altitud4 over mountainous ter.'
rain, to use all available navigational aids
and to remain within limits of airway. 4P 1 12 ..

2. Poor inflIght navigation procedures concern- .. .. 4P 3 .
ing spied and fuel'ohecks, flameout. 1FL

dii
6, Other navigation equipment not used to . iP

check wrong 1' CAN'readouts, wrong chan. IR
nel selected.

TOTAL: 41' 12 1 P S 4.

4R
IFL

F. Performance of unauthorized actions.
1. IJnauthorized/unscheduled low level flight,

flothatting, reckless flying. • . .. . 3P 2 4
2. Aircraft roiled while performing authorized

low level pas by tower ... .. .. IP 1 2
8. Acrobatic maneuvers at too low an altitude .. .. .. IFL

and too close to clouds., IP
4. Unscheduled/untauthorized ACQ. • .. .. IP 1 2

TOTAL: .. .. .. 6P 4 8
IFL

G. Improper engine operating/restarftIng procedures.
1. Engine secured in Icing conditions,2 aener.

ators overheated. IP
2. Lack of knowledge concenalng engine re& . a

start procedures. .4 .. .. I
S. Engine restart of decoupled engine. IP .. .. ..
4. Prop. dedoupled due to excessive. airspeed on

engine restart, I" .. .4.. .. .
31DurnV ellne restadflop totaled with oil . . . . 1

44W, i Q-Mvel0Nd tandl phutoff iir. ' ... .... "
uit breakernot reset.' 2F9FI , . a ' "

( .

•.3I• . , ., ". . . 'a . , • . . + -•.. . . /aia~ . 3 :..a -..K aa: a. .a a .a

S. , : + . " • , +! ai 1 .3+ %



P-3 Alreraft' 11 Airoraft

Human Major Pa01441. Huron a M ajr. •atall.'-" ". Ir~i ' .... • nts tlis-" se _!rMo I.e

G. Improper engine operating/restarting procedures. S(Continued)
6. During engine restart, feather button not re.

leami and, released prior to fuel and ignition
"ON". 2FE -.

TOTAL: 4FE IP
ap
3

H. lmpm, per ordnance handling/release procedures.
1. ,Violations of SOP for flare dropping, drops

continued after problems aroe. IP 1 18 .. .. .
2. Aircraft damage due to bomb/napalm delivery IP .. .. 2P

below recommended altitude. IR
S. Bomb delivery at low altitude, aircraft col.

lision with trees. I P
4. Improper dive recovery, turned left vice pull.

up, bomb fraMaentary damage. IP
5. Rocket pack jettisoned, bullpup selected pur.

posely on weapon selector and pickeled, con-
trols mismanaged. .. .. 4P

6. Improper sono'buoy handling, failure to diarm
chute. lORD .. .. . ..

7. Improper sonobuoy hazdling, failure to secure
valve and bleed trapeed air prior to buoy re-
moval or inflight malotenance. 4ORD .... ..

8. Flight entered hot fire area, aircraft struck by .... F I
dummy missile. 1FL

TOTAL: 2P 1 13 IFI, I I
SORD IR

9P

1. Improper maintenance/troubleshootlng procedures.
1. FPiled to use stop/cut switch when overapeed

noted on target reel launcher system. IR .
2. Crewman entered electrical load center with

power on, panel csm~e in contact with
Itenerstor. 1CMN ... .

3, ailure to depreaurize R/T unit prior to re.
mourl during inflight maintenance, crewman
struck In head. ICMN .. .. .. .. .. ,.

4. D)isregarded deicer warning indieation, deicing
equipment used Intermittently. I P

5. Vacuum cleaner hose In wrong hatch, fitting
lost in slipstream. l _CMN_ .. .. .. .. ..

TOTAL: 3CMN .. .. IR
IP

J. Improper refueling/fuel transfer procedures.
1. Crosscountry, internal tank used before ex.

ternal tank, transfer malfunction, no trans.
for, flameout. . .. .. 1P I

2. Prop decoupled during fuel chop due to low
alrpred andlIP. IP ..H..

a. ftcfel probe extended in excess airspeed. - ... ... iP .
4, VIoWitt SOP, tight win.. position following: ~ ~~~in•light refuelini.•. . . . .

TOTAS iP BPS3.



P4 AW"f F-4 Adraaft -

IV".. mol Faualk HUniW MaA"eal

K. Improper procedures within & thunderstormt

1.ý Entered thu~dorutonn aom without Ascertain.
Wiigaoragecoimpicte. *IP *

Thunderstorm area entered without using
radar. TP . *

8. Failure to circumnavigate thunderstorm area. IP . .

TOTAL: ap *

*. TOTAL ERROR, SEGMENT iyl 8CMN 2 32 43P 9 19
17P 2511

7FE 8FL
6ORD

TSTAL ERRORS (ALL FLIGHT SEGMENTS) 164FE a 25 140P 28 80
8ORD 88R1

86P 1CR
3)CMN 7FL



APPENDIX C

ERIIOR C. PERCEPTUAL.MOTOR ERRORS FOR P.8 AND F.4 AIRCRAFT

(SEVEN AND FIVE YEAR TOTALS RESPECTIVELY)

4 ., -4 q L. . . . . . . .

8 I
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Human Major Patall. Human Msjov Patll
Erro Aaccidens tiss Error Aocidens tdes

Flight Segment I: No discrepancies noted.

Flight Segment Ih: Start/Taxi/Shutdown

A. Aircraft collisions on taiiway/flight line, ml.6
judged a•i. distance or speed.
1. Another aircraft. 8P 2P I
2. Revetment, iP .. IP
3. Indicator Light. IP .. .. iP
4. Saw horse IP .. .. IP
5,, Checktand IP .. ..
6. Fire bottle IP .. ..
7. Starting unit .P
8. Blast fence . .. iP ..

9. Snowbank' 2P .. .

TOTAL: 10 P .. 7.. P I

B. Aircraft taxied off taxlw.4y, ramp or into carrier
.- twaik, misjudged wife distance or speed.
1. Catwalk . . . IP
2. Taxiway IP 2P
8. Ramp (field) .. .. .. iP .. ..

TOTAL: iP .. .. P

C. inadequate clearance between aircraft, misjudged
safe distance,
1. Close proximity and reverse thrust of one

aircrdrt caused damage to another. lP .. .. .

TOTAL: IP .. .. - "
TOTAL ERROR, SEGMENT Ih 12P .. .. lip

Flight Segment Ill: Takeoff/Landing

A. Poor power/nose on glide slope (combination of
both controls)
I. H Xh nose attitude, poor power, high sink

ra'e. IF 6 eP a
2. Poor power/nose control, landed fut at field. - . .. P
3. Rough power/nose control, could not get

aboard, barricade necessary. .rIP
4. Fioild landing, lead went high, poor power/

howe control, poor lead, w 'ng landed hard
due to a high mink rate. . .. .. 1 FL .

TOTAL: IP 1 6 IFL a
laP

B. Poot elevator zontrol,
1. Aircraft started high, nose lowered, high sink

rate on glide slope, • . . 211P 2
2. Throttle malfunction, high all the way, passed

over wire du* field "ading. .. IP
8. During field takeoff (ialed to recognize locked

eontrolh AFCS was ensged. I?
4. Over.rotated none ungl aerodynamlo'brakng

duri landing rollout 1P
5. Over~rotated ndoe on take.off, stall, ... ..
6. Failed to roita nose off catapult.

TOTALi IP ' -.6 ..

S, T.. .



P-3 Aircraft 0-4, Iraift

Humnan Maor Patall. Humran Major Fa~s
Error Awants tiws Error Awolde s

CQ Poor power control.
1. Poor power control, high mink rate. 4P *.9P 7 2
2. Poor power, pilot Induced pitchiock by rn p d

power manipulation Into reverse, high sink
rate, swerve on landing. Sp I

S. Poor powler control, low on finial, collision..
with drydock, seawall or landed~ short at
field. 2P B.*. lP 2

4. Pitchlock Induced, rapid manipulation of
popwer into reverse during aborted takeoff. SIP 1 *

5. Maximum power added too rapidly during
takeoff, torque flopped over mausingI
fluctuating engine WP.iE *

6. Improper power reversal technique, swerve
developed during landing rollout. 2P '

7. Bolter, slow to add power, water collision. *. . . IP 1
8. During field arrested landing, power added,

thoughitwire missed when wire was engaed. iP
9. Throttle not closed, aircraft fast on landing

rollout. S
10. Inadvertent engine shutdown during field

landing, thrcittlesretarded to cutoff. .. IP
TOTAL: 14P 2 18ilP 10 2

D. Poor elevator control - E
pilot Induced stall during high performance man.
euver, or the break to land due to poor elevator
control/slow airspeed/high nose, attitude.
1. Maintained high rate of climb on high per.

formance flied takeoff, stall, collision. .. . P* 1 2
2. Field broak to land, Aircraft over-controlled.

inverted, stall, collision. . . . I P 1 2

TOTAL .. . . 2P' 2 4

E. Poor control of brakes, poor braking technique
during takeoff aborts/landing (due to drag chute
not deployed, braking at high speed, hr~g too
early, and/or heavy braking).

1.Drag chute not deployed, aircraft too fast. *.4P

2. Poor braking. lip____9_____a

TOTAL: lip . . 13P 3

F. Poor control of brakes, poor braking on landing
rollout (due to no or little braking until too late).
1. No braking, norest cable snapped followed

by heavy braking. .. . * P . -

2. No braking and chute not deployed on wet
runway, hook skipped, followed by heavy
braking, . * iP

S. Landed with blown tire off centerline, oppo.
uite brake not used, sircraft left runway. *. . . IP I

TOTAL: Sp I. i I



P.3 Aircraft F4 Aircraft

Human Major Patall. Human Major Patall.
Error Accidents tin Error Accidents tin

G, Poor control of brakes, brakes Inadvertently ap.

plied along with rudder during takeoffs, tire

1. During simulated engine failure, swerve
developed. 7P .. ..

2. Four.englne takeoff aborted, engines reversed. IP
3, Catapult shot. .. IP
4. FIeld takeoff, swerved off runway. •? I

TOTAL: 8P .. .. 2P

H. Poor ecntrol of brakes, brakes inadvertently ap.
plied along with rudder during landings, tire
blew.
1. Regular four.ongine landing, five mishaps

needed a crossw*i1d correction. lap
2. Regular two.engine landing on field. 2P
3. Improper reversal technique on four.engine

landing, swerve developed. lP
4. Four.engine landing, differential reverse power

used to correct back to centerline, swerve
developed. IP

5. Two.engine.out landing, swerve deve!oped
when engines were reversed, two mishaps
required a crosswind correction. lop

6. Ote.engine.out landing, swerve developed
with engine reversal. I _P.. .. .. .. ..

TOTAL: 39P .. .. 2P

1, Poor rudder control.
1. Regular two.engine takeoff, swerve developed,

lost control, departed runway. • .. .. 2P
2. Regular two(F.4) or four (P-3) engine land.

in%, over.corrected rudder, swerve developed,
left runway (all F.4 mishaps landed in cross.
wind or crab/skid). IP 1 1 4P 2

3. Bird ingestion, engine securedon rollout, swerved . .. .. .. IP
4. Regular two.euglne landing, landed off center.

line, rough ruudder correction back to center.
line, blew tire/sheared gear. - .. .. 3P

5. Two-engine.out landing, swerve developed
during engine reversal. 2P

6, Simulated engine failure on takeoff, swerve/
skid developed. 3P .. ...

TOTAL: 6P I I lop 3

J. Poor aileron control.
1. Regular four.engine takeoff, crom.wind cor-

rection used, prop contacted runway. IP .. ..

2, Landed off centerline, struck carrier catwalk
on bolter. - . .. .. IP

3. Regular four.engine takeoff, lost control,
wing struck runway. IP ..

TOTAL: 2P .. .. IP

C.3



P-3 Aircraft FA Aircraft

Human Major Patchi. Hum~an Major Fatafll
Error Atcieldnts ties Error Atohients tvea

K Mispjudged Wae speed and distauce'on landing
1. ve'rran runw du IP . P
2. Attempted 7toluofdt una thgspeed, gear collapsted. tyrwyathg

TOTAL: IP * . 2P

L. e safe speed and distance on section
NO ud shia midair.
1.Whlig alrcraTt overtook lead, midair after.. .2

liftoff. _________ 2__________

TOTAL: .. . . IP 2

TOTAL ERROR, SEGMENT IIl: 11331 4 7 951 31 9
I E, IFL

Flight Segmient IV: Inflight.
4.Poor elevator co.;,trol -

pilet Induced aircralt OtialI or overntreag during
violent or unus~ual flight mei~nnuivers due to poor
elevator conlrol/slow airspeed/high nonc attitude.
1. Durnng "SAM" radar breaking, tactical Man-

euvering. . . 2P I
2. During dive bomtb set-up, dive recovery, bootb.

Ing pattern, tactical maneuvering. 3 P 5 3
3. Duriiig ACM departure and maneuvering,

tactical (I mishap included overstressed air-
craft). 71P 4 4

4. During muissile firinig and aircraft Interception,
tactical maneuvering. .. . IP I

5. 4 uthorized, low level, highatpeed pass, iaon-tae.
ticol mnueig P I

6. D~uring wingover acrobatic nin:ieuver, non11
tactical maneuvering. . .Ip 1 1

7. Evasive action to avoid inid-air collision whit-le
flying straight and level, non-tactical inanou.
verilg (1 misihap included overitressed air.
craft). .. . ' 2P 1 2

ToTAL: . . 19P 14 t

BI. Misjudged sale speed and distance during foruma.
lion: islflglit refueling, (-r tactiu~l mhaneuvering.

Il.6tring ACM, becaine disoriented or did wAj
reCOgnize a dangeroum situation, causing mid.
air or water collision. 4P' 5

2. IDuriog~ formit lion flying, aircraft too close,
wing flying It. orrect position, mid-air colli. 4

3. During hinfight rcfUelin, poor relaive move.
ment while'being ret%.;Je , d- ~ue daniagd. * 3

4. Poor closuire rate during rendezvous for0 Ilna-
lion flight or inflight refueling, mild-air on join.

5. During missile firing and inter-CeptIon, z'uor .32

closurý rate on flare, midair. I . . P
6. Poor depth/altitude perception during bombh.

Ing, aircraft too low, damiage fromn napaai. ox. 2plosion or collision with trees. .. .. .. 2
TOTAL. . . . 19P 12 5

C-4



PH3 Aircraft r- Airarcft

Human Major Fatali. Human Major Fatall.

Error Accidents tie Error Accidents tl_ _

(. Poor elevator control.1. During dive bomb recovery relaxed pull-out,

aircraft too low ott recovery, damage from
bomb explosion. IP

2. Used posmtive "G" on bomb release, bomb
collided with aircraft aftei release. .. IP .. ..

TOTAL: .. .. 2P

D. Poor throttle control.
. hIadvertent engine shutdown during forma.

Vo'n ft,.dLyzvous, high closure rate, throttles
s,.apped closed and were retardedto cut-off. • .. IP 1 .

TOTAL:. IP I

TOTAL ERRtOR, SEGMENT IV: .. .. .. 41P 27 15

TOTAL ERROR, ALL SEGMENTS: IWE 4 7 IFL 59 24
95P 147P

C-5


