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" pilot-error” accidents by designing equipment in accordance with human

" vecorded Interviews and wrilten reports.  The following question wvas used

. nircrafl cuntrols 5o as tw improve pitol eflicicicy and reduce the Requency of

ANALYSIS OF FACTORS CONTRIBUTING
TO 460 “PILOT-ERROR” EXPERIENCES
IN OPERATING AIRCRAFT CONTROLS®

by PAUL M. FITTS
Professor of Paychology, Unlvarsity of Michigan, Ann Arbor, Michigan

snd R, L. JONES
Systems Planning and Research Corporation '
Reckville, Marylond

A, Purpesy
L. It should be possible to climinaie & large prupostion of so-called
vequirements. In order to determine meihuds of designing and locating

accidents, accounts of 460 crrors made in operating controls have been

collécted and analyzed, Resulis of this anatysis are presented in the presemt -
' © repost. '

B. Factual Data

2. Accounts of errons in using airczalt controls were obinined lhrouill
to elicit the dasired information;

Describe in detail an error in the operation of a cockpit control (flight
control, engine control, toggle swilch, sclector switch, wim b, eic)

which was made by yoursell or by mnother person whom you were :

watching at the time,

3. Pilots.. b~ V- Materiel ("-nmmir?d, the Alr ‘I'raining Command, and
the Army Air Force lustivate of Vechnology, snd former pilots in civitian

universities contsibuted eriur azcount®.  In order to minimize personal
opinicen, only detalled factual imuintiis, furnished by an eyewiiness or by

the pifot who made tie crror was accepted,

4. T way found that all ertors in wing controls could be classified uader
1ix major }tegotia. Thia clawification is given in Exbibit A, In order to

epeinted fiom Memocandum Repors TSEAAGI-12, Arra Mridical Laboratry
siet Commund, Wright. Pauesson \is Foree Baie, Daylon, Ohie, July I, 1941, Iy
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.pcovide examples of eerors in each category, for
are reproduced verbatim in Part 11,

5. Subslitution e1sury, in which the wrong contral was operated, constitnicd
exacily 50 per cent of all the esror descriptions collected.  The most common
whtypes of esrors wimber this genernl entegiry were ‘confision of theoule
quadrant contenls (19 per cent), confusion of flap and wheel controls (10 per
cent) and impleinentation of the wrong engine control or feathering button
(8 per cem),

6. Adjusiment ervors and Feegelling ervers each accounted for an additional
i8 per cent of al} erron.

ty typical crror descriptions
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7. Three additional categories, Renersel ervers, Unintenlional sctivation, and
Unabls o rasch accounted for the semaining 14 per cent of error reports.

Q. Conclustons

8. Praciically all pilots of present-day Asmy Air Force aircralt, regardless

of experience or shill, veport that they sometimes make errors in using
cockpit controls,

9. The frequency of these essors and therefore the incidence of aircraft
accidents can be reduced substantially by designing and Jocating controls in
accordance with human requirements.

10. ‘The most likely cawses of each type of error are discussed in Part 1.
Nincteen supgested design changes for climinating or reducing these erron
also are fisted In Part b, ‘The principal conclusions sad suggestions arrived
at ave listed below. Credit for originating the various suggested design
changes bs duc to many different egencics and individual. The present
sepost simply cinphasizes the support given these suggesions by the faciual
data coliected fiom pilots.

o. Morc than half of si. . ..ur In operating cockpit controls can be attri-
buted directly or indirecily to lack of snifermily in the location and modc of
operatiun of contvols, o

b. Substitution errors can Le reduced by: (1) uniform pattesn arrangement
of controls; (2) shape-coding of controt knobs; (3) warning lights imside the
appropriate feathering L...«un; and (4) adequate separation of controls.

¢, Adjustment exrors can be reduced by: (1) automaltic fucl Aow control;
(2) simplificd one-step aperation of wheels and Aaps; (3) ensily accensible and
continuously operable tim controls; and (4} improved throttle locks.

d. Forgetting rrors can be reduced by: (1) making it impossible 10 etart the
take-off run until all vital sieps are completed; (2) uniform **ofl** positions
for all switches; (3) more funciionsd chock lists; and (4) more effective
wa:.nm’y::::".“n be climinated atmost entirely by adherence to uniform
and “naturst” directions of control movement,

1. Unintentional activation of sontrels can be reduced by adoption of u=*‘orm,
thoroughly service-tested cockpit designs, by “cleaning up™ the cor ad
4 Ly adequate separation of controls.
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8 Inabibly ts 10ack conirols can be remedicd by applicntion. of exisiing
anthroporietric data on body size, and use of a maximum reaching
distance of 28 inches from the shoulder for all contrals used during critical
procedures. .

A. A number of problems salsed by this investigation such as oplimal
location and separation of controls, optimal directions of conirol movement

for special functions, and design of warning dev uire addilonal
meuchbetbteldeqmuldmunmbun:.' - oo require » "

:. PAUL M. FITTS and R. B. JONES

D. Recemmendations
11, That the Airerall Laboratory review the suggestioug listed in Pag 1

. with respect to early incorporation into the curzent program 1o improve

cockplt design,
12. That the Equipment Laboratory, Componcnts and Systeins Labors-
tory, and Power Plant Laboratory review the suggestions fisted in Part |

with respect to the implications for equipment modification or development.
13. That the Army Air Force member of the Aeranautical Board Sub-

" committee on Cockpit Standardization sulunit the findings and suggestiom

contained in the presen} report to the Subcommittee for review and
appropriate action,

14, That the present report be reviewed in Headquacters, Asmy Air Foreos
by the Research Division, Office of the Air Surgeon andd by the ‘Training
Divislon, ACJAS 3, and in Headquasters, Flying Safety Service bn order that
implications of the findings for policies and procedures fur sclection and
training of Army Air Force pilots and for Rlight safety can be considered and
appropriate action taken il indicated.

Exhiblt A

CrasuricaTion or 460 Earons Mapz ay Pivors v Oranaring Aircaarr
Contnors

No. of Pt
Em’: &

1. Substitulion srroes: confialng vne control with snother w 'y
.“"du ; cud ’ control w s o Talling 1 Mdeunily

& Using the wrong thewithe

uadvast control (confsing mixi
Whroltle, e, . ¢ o prop

|
b fap and wheel conlsole n w
e or.mln. a ¢onirol for the wyomg engine (fenthering button, kgnition,
minlure, ptz pitch, theotile, J:f % Y
d. Fﬂl'n' "ml iy the landing light switch or confislng It with sne
othey cuni ] 1
¢. Conlusing othes controls {starm bell, bomb-bay door, carluireive heal,
cochplt heater, dr M tanks, lmﬂlcu"bmub releaw, cogine L
weat, lmercooker, ol cil cooler, parking Leake, pltot hest, radiy £
tuniae control, wive swilch, trim 1ab. walilite vump) {1 d

L
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L. Adjuwsiment evears: upeenting & conivol too slowly or 100 rapidly, moving &
mw:mwm.uﬂhwh‘hw{qqmtwwn&q
"

“Turning Ruel sclector swlich to lbemw
Fol wiong sequence Ia ralsing o¢ fowering wheels |
lnﬂhudunhﬂdﬂ'npzm o ui
mﬁ‘mhlluddcn - change lo trim
Fallieg to bock or unlock theoutien peoperty
Faillng to roll in tim fast enough

Faillng 10 sdjust sther contrals propeely

Total

L S U o ]

3. Forgriting srrees: (afling 10 chech, unloch, or uae & conteol at the proper time
1'uhu¢|l wiih Night controls Jocked (alleron, clevator, rudder, o all
tonteals fuched)

Fesgelling generalor or magneio swlich

Fosgetling te walke proper cogine or propelles contsol adjwiments
minture, prop pitch, &8

g ¢ loz:"oc heek landing gear
. TOERe o » ] L1
Taki -'ﬁ

whth wrong trlm scttings
Faking off withuut removing plind cover
Furgeiting tn opesate othes contiols (bomb-bay doars, bomb-rockes
seiecior switch, condant shutter, Raps, ausitiary fuel pump, fucl selectos,
hydeaullc sebecior, lights, P swlich, pltos heat, 1ail wheel boch)

Telal
4, Regvssal arspes: moving & contrel [a & ditection opposite (o that necessary 1o
produce & desieed resnlt

8. Making reversed trim covvection

§. Mabing revesed wing fap adjusiment

'3 rﬂulr: movement of an englne or propelier control {miniuce,
tic.

' *.-ml minvemend of soms ather control

ansa e »

Mak
Totad

s tia.u::'a astivation s Inadwericatly operating & conttol without being
Awe :
B ecior hes) i faps, wing fia encrator, ignliion,
‘L;:.::'. tl:dh. gear, l“hll:.-ug‘ w‘la, L Ln, nJio. super-
ges

anlls 00 reach @ conivel ; nccident o mear-accident resuliing from * putiin
. ﬂuumﬁ*um.mwmw‘mnﬁ.m nuﬂ

Casbercter heat, Guck sthector, hydeaulle ewlich, landing gear,
lecnﬂ.nl‘dm) e
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Detalled Analysis of 460 Errors Made by Pilow in Operating Aircran

Controls: Probabile Cause and Suggested Remedies

1. Iutroduction

b Abereaft arshibenty vanalty are clanified s due o vitot errar
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accidents autributed to the “pilot-cssos® category. 1y has been customary
to assume that prevention of accidents due to materiel failure or

maintenance iy the responsibility of engincering persounel amd that acd-
dents due to ersors of pilots or supervisory persunncl are the sespoisibility
of those in charge of selection, training, and operationd.  Rheputeces stwdd

. 1 - - - . N ?‘i‘
! t ST SR
Ao Me et b i T sl
LieTellmidAted by (8 bl el

2. Not only should It be possibie to reduce pilot-esror accidents by de- .
signing more funciional equipment, but It should be possibile to ficrease the
over-all performance of alreralt through proper comideration of pilot com-

ort aud efliciency. ‘Flis polut of view agrees witl the statement on Human

Faciors contained in the ninth edhition of the Hamlbook of Instructions for
Alrcealt Designens i which veada: “As alrerafl heeome ninse compies, and
ag their performance characieristics make greater demands on the physical
and mental capabilitics of the crew, the designer wunt recognize awd cater
to these definite limits teat the best ennceived afrceall froin the mechaniceal,
acrodynamic or tactical standpoints fall short to the cxtent that it makes
inordinate demands on the flyer” (par. 0.12). !

3/ The method employed in the present study invalved collevtion of
accounts of actual expesiences of Aviny Air Force piton in vsiing existing
equipment, and analysis of thiese expericnces to determine what the inajoe
types of errors are and how such errors can be prevented through betier
equipment design. '

&, The study was inltlated in December, 19437 1t has been conducied
by ineans of individual and group intervicws with pilots and by colleciion
of welttén veports.  The resulis tepoeted liercin are based on transcriptiom
of recorded interviews and on weltien reports describing errons in tlic opers.
tons of aircral controls. Ench description concenu a specific expesience
that happened to or was wlly obsceved by the ndividunl repawting

the event. In order to minimize the eflect of persunal opinion or precon.

celved ideas, the study has been limited to dl'::ll:ul l|'¢|lll’ll of actal flyhyg
enperitndts. “Although the preseat:report deals only! with: cdntrol errorg
,ﬁﬂluwe -hc‘ben cullecied on errors made in ing
ulequerit reports in this series will deal with errors in reading Imtruinents,
and with general " peeves™ regacding the cockpits awt ciguipnwents bn present.
type Anny Air Force aircrafi,

5. The findings of this stucly have many Implications For selection and
wraining of pilots. While these applications are mn cinphasized in the
present repost, they will be readily apparent to lilividuals wiw desire ©
wse the findings in improving sclection sl training, .

G. ‘The methods employed in collecting and analyzing *pi* * coror®
records are described in the following section.  Later sectiom e :
coninin & summary of remdis and & discussion of proball T and
gumgester) remedies Ior evinre in nsine cockiit cnntiek

I i3 1)
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If. Methods Empleyed In Collection and Analysis of Data
t. ‘The first siep in hegluning the study was 1o develop suitable questions
s procedures fr obitnining critical factunl Infonsnntlon Rom pilus,
Different questions were tried out and a list of seven finally selected. ® Ve
present report is concerned only with the answen 10 one of these questions,

" which reads as follows:

Describe in detait an ervor in the operation of a cockpit control (flight
control, cugiue control, toggle switch, selector awitch, trim tab control,
elc.) which was made ipy yourself or by another person whom you were
walching st the time. ’

2. Fifty pilots were interviewed Individually using sl seven questions. {

T feend: Wm sa each pilot » day ox n‘%,uu. injeryicy
R SoGid thak ,@ﬁlfﬁémwﬁm time ta olteyt

el AlLghifaholll 5 thucf Everything that was said during the interview
cither by the pllot or the Interviewer was recorded on a magnelic wire
secorder and sulncquently teanscribed.  Interviews carclully refrained from
wggesting suswen to the questions and limiled themselves to comments that
would elicit additionnd Information when accounts were not clear or compleie.

Y. Filly additionat pilots were intesviewed in groups ranging from five 10
ten persons.  The same seven questions as before were used. Al individuals
in @ group were given an opportunity to contribute an experience in answer
o a question hefiwe the group went on o the next.  Scveral one-hour
mectings were held with cach group in order 10 cover all of the questiows.

4. Alce preliminary analysis of the interview data sccured from these
100 pilots, a printed form was prepared which gave a brief explanation of the
purpose of the ntudy and provided 1pace for writing answers to three of the
otiginal list of questions, These three questions, which were chosen
because it was fuund that they elicited the geeatest amount of wseful informa-

_ tion, included the one on errors in using controls, a similar question on

instrument reading ¢rrors, and a question asking for ' pet peeves* regarding

. the cockplt. “Thicse printed forms were then distributed to pilows at Wright

and Paiterson Fickds and 1o pilots auending the Army Aic Force Inatituie of
Technology, Colouct B. 5. Keley, Chicl of Base Services, Air Matericl
Command, arsranged for distsibution of the forms at all outlying bases of ilic
Comuanl.  Atrangements were made through the Surgeon and ihe
Director of Training, Air Training Command, for circulation of form
within thar Commamd. In addition, a group of former Acmy Aic Force
pilots in wnlversitles armund the country were confacled and mked to com-
plcte the forms.  Submision of information was on & voluntary basis and
replies were anouymeus,

*Q)y. Witse B, \Webh anlstedd in trying out the initial list of questions,

1Thare and other batervbeun were conducted by one ol the following individusts: Dy, P AL

Fitis, (tapt. R. P Jomes, Capi. 0. Kowieek, Lt, R. Showalier, and 1), \V, B. Webb.

Rﬂi from Fuawy pilets were olialned through the saatbon of the fulluning
I'Jh' usls: k. C. W, (hmmllhﬂlhad Univenity; Ue. D, G. Ellson, 1 sna Univenity;
n

Dr. 8. €. Frdchaen, Vaderbih vershiy; Dr. B, ven 3. Gilmer, Ur v of Virginia;

Dr. N. Hollbe, Cdumids Univenity; (v, R, F. Jaereit, Univenity f nia; U'r! G 9
b, University of Maryland; !)c W. E. Rappaul, Princcton Wy e £, L
lly. Uaiversive of Michigang Bv. K. B, Loucks, thniversity of \Wa  on: 4. A WY
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i 3, Over 500 pilots sent in veplics to the prinled.lbmu. Some did not !

snswer the question on control error, and a few described enperiences thint
were due entirely to mechanical fallure, or to erron of judgment.  The twe
{nter types of experiences are not Included in the present snalysis nor are
aswens to the questions an instrument interpretation or “ pet peeves.”

. likime denids arna st nat e b of. e

o » . - a
R e A L

u. Summary of Resnlts

1. $1 was found that 86 per cent of all reported errors in operating afrcraft
controls could be ciamified in oue of the Jollowing three categories: Swb-
slilution srvees ting the wrong control s 3 sesult of failuse to ddentify
& control y (50 per cent); Adjusiment srrors—fhiling to sdjust & control

ropesly (18 per cent); and Forgeiting covors—forgetting 1o operate a control
t the proper time (18 per cent).  The remaining 14 per cent of erron could
be placed in ane of thres additional categorics: Risersal trros (6 per cenmt);
Unintentional activation (3 r cent)s and Unable to reach (S per cent),
" 2. The frequencies with which different types of error were described by

tie pilots who cooperated in the study do not represent precisely the true

sclative frequency with which each type of esror occurs.  Pilots were onl
atked to describe one esvor in amwer to each guestion and inddents wh

they chose to describe were ones which happened to stand out In memory, -

T is believed, howgver, that the frequency counts indicate in a general way
the relative frequency and im of different crvors in using conrols,
'3, Complete frequency counts and definitions of major ervor eatrgories and
subitypes are given in Exhibit A.  Forty tative ersor descriptions are
reproduced in Part 11 exacily as given dusing the interview or In the weittea
reparts. At least one example of each subtype of error ks included, and
several examples ave provided for the subtypes with highest frequency.
\

1V. Diacussion of Results and Recommendations for Reducing
. . Brrers
A. Conrusion Ennons
" 1. Operating the wreng theoitle guadrant contsol (19 per cemt of errons). In
any skilted motor activity, such a walking, driving an antonmwobile, or pitor.
inn an sircraft, the highest tevel of pesformance Is reaclicd when movements
" arms, hhnds, and legs occur simultancowly or successively in coord’

tternp appropriate to the,task st hand, with 8 minimum of conscio
w trel sedavate acte  The obilled aninmohile drion- P sonmnts

339
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pedal.  Safe aircraft operation demands similar skill. ‘The Handbook of
Instructions for Alrerpht Designers, i for example, containg the following
requireinent: * Lisofar as ponsitile, all conteals shall be shaped and located so
that & crewman vesnnably Gunitiar with thelr arsangement will be able to
operate them withutivisual cefereuce.” (par. 2.01).  Yei, in spite of this
requirement, the results of the present study show that pilots of Army Ais
Force alrcraft schdond are able to become sufficiently familiar with the
focation of controls in the cockpit of & particular alrcrafl to avoid occasionally
operating the wrong control.  ‘This Ia pasticularly true of controbs on the
throttle quadrant. ‘The ervor occurs moat frequently in multiengine
siveraft, but in some cases ls reporied by single-engine pilots,

2. Careful sy of accounts of pilot-error eaperiences and consideration of
relevant cesenrch studics femds to the conclusion that three principal reasons
sccount for most erron involving operation of the wrong throttle quadrant

control.  They are: ki o Dibemity lnllnplw?; erpept,of coatrols; (2
: { yomrols) and (3) lack of & coding M
W Aivg: ieatiicaion s controls by the seoec of wuch alone.§ .
3. Differences in the thmittle quadrant arrangements between the B-25,
the CA47, and. the €-82 fllusteate the lack of uniformity which leads to fre-

aucnl and serious cockpit evors, The arrangements of controls in these
wee alrcrafl ase as follows:

. Contnd Begqurnce oo Theutile (uadrant
Alccralk
_ Left Center Right
13 Theotile Propeller Mintute
44 Punpelicr Theottle Mixture
e Slistuse Theotile Propeller

It s ensy 1o underatand why pitots who are tequired to fly these three typea
of sircrafl report that they have cut the throttles or mixtuse contiols just
sfier take-off when intanding to seduce rpm.  The need for uniformity of
tocatlon exisis for alt conteols In the cockpit, but is believed to be especially
acute for throttle guadiant controls because comatant use of these controls
results in weli-cstablished habits which are s constant soutce of conflict and
confusion when the pilot changes to an sircraft with & different pattern

arrangement of controle. L icbelleved shat pilots with thousands of hiourt ¢
ST weaetives fiykig in'a neve alecrall aflcr yoany
YR T g T However, the writers have no evidence on this

point. Imagine the difficulty most car drivers would expericnce in teagning
. 1 hrahe swith Ve telt fuot and (o use the clutch with the right.
4. I achieving unikwmity, the ovr-all patten of contrel arrangenens, aud
10t the precise bucation of any conrol, la biclicved to he the csential o
nent,  Recent F’thﬂlﬂ'i::l’ research has shown the great impocts
" . [T TSP Vo s A

v teiial e mma?
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. though the specific elements are varied consideeabily.  Applying this to
aiveralt design, it"appears that it is important to maintain aniformity of

- vight-lelt and up-down relationships, but that rigid standardizimtion of all
dimensions Is not absolntely nccensary.

5. Another imporiant factor which may lead 1o uperation of the wrong
throttle quadrant control s the close proximity of contsols.  Wien a pifot
- reaclies out fo grasp a control without looking, he will uot position his hand

to exactly the same location on succemive tries,  Acenracy in locating a
control vasies with the posivion of the control, with practice, and with
different individuals, but liwits of accuracy can he established.  Just s
visun! acuity can be defined in terms of the visnal angle subteinded by the
smallest lciter that can be seen on a teat chard, a0 lucation discriminntion can
Le defincd in 1exms of the vertical or luwirmtal anguinr sepasation necessary
to avold confusion of contrals.  An Investigation of this prahilen lins hicen
. winlerway at the Aero Medical Laboratory fir the past year and the resuly

will be published in the near fature. '

6. In addition to lack of uniforin location and spacing of contraly, it is

. bclicved that controls are ofien confised beeawse pikits have no pusitive
method of identifylng a control by the way it feels withant lonking st i,
"Thisis eapecially fikely to lead to an error during take-ulf and landing, during
combat, during night flight, and at other times when the cockpit is dimly
lighted or when thie pilot docs not want to fook duwn inte the cockpit.  Mest
of the necessary rescarch on shape-coding of contruls has alvendy been carried
out, In 1944 and 1945, the Army Air Force School of Avintion Medicine
reported studics which showed clearly that the manber of ervors made in

. learning & uew control arrangement is greatly reduccd when shape coding

. of knobe Is provided.¥. % 19 “The Aero Medical Laboratory has eecently
published threc reportst® 4 & on the ability of pitois 0 recognire diflerent

shnpes thiough the sense of touch, and one repost ) an the preferences of

‘pilots regarding which controls should be cuded and which shapes assigned

to each control. As is true for uniformity of pmshion and separation of

controly, coding also should be extended to other cantrls than those on (e

- throttle quadrant,  Actlon 10 achieve shape couling is now being taken by

~ the Aircrall Laboratory and Is under discussion by the Acronautical Bloard's

- Subcommiitee on Cockpit Standnrdization. O

1. Confusing wing flap and landing gear conteols (16 per cemt of errors).

" Confusion of Nap and wheel continls wns not reprrted as frequently as

. mistakes in operating controlr on the throttle quadeamt, but the Hap-gear
substitution error was described more ficquently than any othier error

. invalving a single pair of controls. ‘

8. One reason that is frequenily given for confusing wheels aud flaps b
the proximity of the two controls. This source of error has now been cor-
rected in most aircraft, and the requirement for new aleerafl is that “ihe

* flap actuating controd handle shall be located above and at least 12 inches

the landing gear contrut handle |, 8 reo. 8800 Rigoarai enfine

¢ of this requirement at all mock-up inspections shoubd imnterintly red ¢
¢ incidence of this error, Tonfusion of wheels amd Haps atill ocer. -D

i
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that ather psychtogionl fictae besides spatinl proximity contributed to this
errar.  Piling chemsclves oty do ant uy to explain the cause of this
particatr error bt refer 1o i as an example of *heads-up-and-locked ™
behavior, or of seacting withont thinking.

9. Lt is proposed that n Iuwic paychological cause of tie confusion of
wheels aud Haps mny lic in the lact that these controls frequently ace
operatcd in sequence, the nwst common sequence being operation of the wheel
conivel immicdiately preveding epevation of the flap control.  Aler wnhe-olf, for
exmpple, the seyuence iy 10 rnise wheebs, then flaps. Lo preparing to land,
the wsond sequenee ognin is 1o lower wheels, then laps.  Alier landing, il o
piot is not attemling carclily 1o whiat he is duing, he inay start 1o repeat the
sequence which he has jun completed prior 1w landing.  ‘Fhis theory, of
course, dics ol explain the errar of vaising laps instead of wheels immedi-
atcly aficr 1ahe-oll ur in a gu-areund nor dues it suggest a practical sulution
to the prohlem,

10, In adddition to causal tacturs already mentioned, it is believed that
ap and wheel confision mny be duc sometimes to the fact that the mode of
action of these two contiols is very similar ; fur example, a toggle switch.may
e nscdd fir bantly,

V. Opesating the wrong engine control {B per cent of errons).  ‘This ervor may
be wmanch nuwe scrivus when it happens than the two types of errors discussed
in the preceding pavagvaphs since it frequently occurs in an emergency
causcd by loss of one engine. ‘The error includes feathering the wrong
engine, ur operating thc ignition switch, mixture, or throtile for the wrong
engine.

12, ‘Fhe eanse of crvons in which pilots operate a control for the wrong
engine of multicugine aiverafl are complex.  In training, emphasis is placed
on the necessity for “thinking Defore acting,” but in the case of an engine
allure, the urgency of the situation gives many pilots & case of *' feathieritis.*
I the case of mnny accidents it is not clear whether a pilot became conlused
as 1o which engine was out {an error of comprehemion), became confused
a8 to which control phould be opevated lor the engine that was out, or
whether e inndvericoly pushed ane feathering button when intending o
hit anuther,  Esvors In reading engine instruments aud suggested instruineut
desigu chimisges are discassed i a scparate report {MR No. TSEAA-694-12A}.

13. Some piluts commient that feathering buttons are two close together,
I miny De possible that sumctimes a pilot will hit one bution when actually
reaching ot i another,

14. When an engine gocs ot suddenly, one of the first indications of
trauble oficn & an lnerense by back pressure from the rudder on the opposite
side 10 the dead engine.  When the right engine goes out, for example, the
pitat must compensate with el rudder pressure. 11 is suggested that this
may be a souree of confision, since the pilot may instinclively sense “get rid
of the drag on the Icli sidle,” and hence reach automatically for the lefl
feathicring butiun,  However, the weiters have no direct evidence in ot
of this lypothesis.

15, Action of mat feathcring buttans Is ambriguous with respe the

b
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forward movement of & contvol shiould be assoclated with increase b power
or decrease in drag.  Feathering an engine reduces drag if the cugine &
swindmilling, but if & good cugine ks feathered by minake, then power b
reduced.  This factor, sdded o possible confision bn interprcting the ruider.
pedal cue, may account Rar susic crrovs,
16, Unable so identify landing light swiiches (2 per cont of crvon).  dnstances
,are reported of {andings maje without lights because of {uability to locate
-fight switches during the final approach, or of near secidents duc 1o turning
_aif some other awitch thnu the landing lights inmediately afice take-off. “Fhis
iditfieulty is easy 10 undersiand, since the ereor ls made a1 a time when pliots
o not want 1o look down inta the cockpll and when there is 10 incans othes
+ than vision for identifying the fight switches.
37, Confusing other controls (3 per cent of ervons), A large imunber of
‘additions! controls are involved in une or mate pllot-esvor reports,  Many
of Wiese controls were focated where it was difficult to see or to check them
. befure they were operated.  The causcs of such esmis ace siinilar (o thoee
» discumed in connection with other subwtiwtion errors. .
10, Suggarsed dusign changes for peewenting substitution eveors, ‘The bdens
: represented by thie following Mat of suggestions have heen collected from many
dilferent piiots, engineers, and agencica, It would sot he possibile 10 anign
credit 1o any ane Individual or group for mot of the proposals.  The writers
. of the present seport wish to make it clear, lwwever, that s oviginolly is
claimed for the lis. ' 1y s belleved, however, that all of the suggestions
fullow Sugically Gom aud arc supported by the anatysis of gilot-eyvms in
, waing controls.  Ombited frimm the Bist are requieements already inchuded lo
the Handbook of Snstructions for Aircrall Designers

Suggestion 1. " Provide uniform pattern-arsangement of ull cockpit contruls,
" pacticularly of throttle quadram controls.
© Suggation 2. . Provide uniform shape-coding of all control kiubs which
must he grasped quickly or without fooking.
 Suggustion 3. Peovide warning lights inside each feathering bution 1o go
on whcn::i the throwte for an engine Js forward and engine torque falls

" helow o critfeal value, Scparate feathering buttons sullicicnily to prevent
unintentiond) operation of an adjacent bution,

Suggertion 4. Tnvestigate the speed and accuracy of pilots in reaching for
comtrels in different cochpht aress without the ald of vision.

,  Suggution 3. Investigate the desielility of designing wing tiap aud land-
: ing gear contruls which have distincily different muddes of operation.

. Anjustant Eanons

). Selasting the wrong fucl tank ($ per cont of cvvus). ‘The most comnon

cvors in this category are turning the fuct sclector valve so that it is hat” -+
sen hwo tanks and leaving it in a position where fuel can How ~
e sanb ne artally tutning the vatve to the weong tmnk,  Inbothe. 2
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tight-wing and le-wing tanks, especially in sicciaft in which selector vatves
arc on e teR-hand dide of the cockpit with the sclcctor for the Jeft-wing
tanks forwanl, so thit as the pilot turas sideways 1o Jook a1 the controly, the
one fur the teft wing is un hia tight and the one fir die right wing is on his
fefi.

2. luproper sequence in lawering wheels (& per cent of ercors).  Esrors in
adjustiient of wheel contrels on tauding and iake-oll can be attributcd
principally to the wwmber of different steps required in some aircrall to
lowee, kick, and cheek the lnndlag gear.  Errors of this type are made most

frespnetnly hy pilots not theroughly cliccked ont in the aircrall.  However, it

sppears that & swbatantial sumber of cockpit esron can be elimiaated il the
procedure sequidred fr howering the wheels can be simplified.

3. Dificuliy adjusting flaps (& per cent of crsors).  Errons involving failure
to olitalns the desiredt Hap seiing appear (o hie due to difficully in operating
the flap contand in cases whese thic pilor does not make careful and frequent
visuol checks,  Dilow repeatedly detcribe errors which are made when they
rely an foed of the Hap conteul position to tell them they have wmade the
desiced settiog. 10 severnt cases, pifots thought they bad placed the control
In » "westral® pesition but actually had it in the *up® or the “down™
pusition instead.

4. Adding power toa sudddenly without proper change in trim (2 per cent of erron),
Scrinus difficuliies may occur as & consequence of the sudden applications of
power when an airceaft Is s propéely trimined, for example, when the ais-
ctnft han Jeen Srimuned for Dssdingg aand the pilit siebicnly decides he wanta
1 gv arowwd.  Alihomgh covors such s this can be reduced tivough bain-
ing, trim controls that work rapidly and arc easily accasible might abo
prevemt many secklents.  Necdless to say, it would not be desirable to make
the trim comtrol uperate tou rapldly.

S. Dificuliy lacking throtile (§ per cant of ercors).  The prescnt design of
throitle Jochs cnntsiliites o several kinds of evrors. 1t is common practice
fur the copilst to opesnte the focks while the pilot keeps iy hand on the
thrattles. ‘This wse of @ sccond person Is & cockpit procedure which somc-
simes contributes direcily (0 an accident.  Alio, it is often difficult for the

Jot to obinin the ennct teuslon he wanis,  Serious mistakes in interpreting
band signats during take-olf have been duc directly to confusion accompany-
ing clfosts of a pitot to onmrect for inadequate throtde bucks. The accident
in which the Comnanding General of the Second Air Force was fatally
injured while pitoting & B-23 during the was was due to misunderstanding »
hawd signad which was intended to mean “hold the thoules.”

8. Failing te roll in trim fust enough () per cent of ercon),  “This diflicuity is
due 1o the fact that in roiting (n u large change in trim, it is neccssary in
many alrerafl to tuin the trim wheel pant of & sevolution, then remove the

_tiand and “hitch ™ it to@ nes pusivion before turning the wheel again, Ina

nunber of sluationts, such as when an engine cuts out, a pilot may want (o
granp the trim evistrod egrivkly and 1o change tim eapicly. Vb ulty
hecomes more serious in cases wlicre & pilol cannot compens: the

+ . 3 L L] L] ' . O © e
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position, as recommended in Engineering Division Memoraidin Report

' No. TSEAA-GU4-4F, in arder 10 increase the accuracy and case of checking

switch poditions, '

< Suggestion 15, Investigate the usefulness and practicability of » mechani 1 |
abbreviated chieck list for use before take-oll and Ianding nr. lnldicntq.:\:;:& '

“items have still to be checked.

“,u. Revensar. Ranoay

+ L. Moving 4 control in & direction
result (3 per cqnt of ervons).  The m of moving a control in the dircction
apposite to tHe appropriate one is closely related paychulogically to reversed
interpretation of an instrument reading. - Buch ervors occur when the control
:?uvawrequlredkamlcuhrw Is the reverse of what s most

natural® or ¥ * or when the disection of control muvement con-

Micts with haliits which have been eatablished fn fylng other alrcrafl,

Lrtors occur frequendy when there is & conflict hetween the respansey
vequired in operating different controls (sce Bugiucering Division Memoran.
duin Report No. TSEAA 6844C).  Such a conflict in direction o mavement

relationshi uires i} lot 6 ¢l his
from one I'::l '::l e ﬂtc pi i change his mental sct each thine he goes

, L Suggested design changes that swoonld prevent veversal p— :

" Suggeition 15\ Desigu controls 90 that the redationships be
control-alrcrafl-indicator mavements are the “natural” or "zpec:::'e'.:u:e.:

a1} no mental pruces s required hesween comprehension sl respise,

Where » conduct research 10 determine 1 i L
"‘Wmm;l{uuﬂp, ne the opiimal direction-of-

p-. UMINTENTIONAL ACTIVATION
V. Unknowingly activating a control (3 per cent of errors). The number of

+

different controls which are sometimes activated without the pitot's bel
aware of operating them ls very large. Such errons usually m':cll from t;‘::
¢r;:;v:ing :l' nlu% e:nkltz: into |lu:. small space available In the cockpit
wvhich makes h a swiltch to be aciiva Y ‘
qlc;vekuhhoul his knowing i1, Aettvatod By the pllt’s arm o
. 2. Reduciion of this type of error should result from deve
carelul testing of prototype cochpits.  Te-ds betieved that the mll:.:mem
way to minmize unintentional activation of controls & through continued
modification of cockplis on the basis of pllot-error experiences involving
Inadvertent control activation.  Since this Is & stow and custly procedure if
accomplished separatcly for each type of sirceaft, it is concluided that the
most peactical alternative s development of uniform “ideat” enchpls
which can be thoroughly service-tested bofore actual use b niew aircraft.
'!Isi: geueral approach to development of uniform cockpits s nuw being
owed by the Aircraft Laboratory of the Air Matesiel Command.
wited design shanges for vedyring wnintaniional activation of conirely ;
don 17, Bubiecs the *ileat” cnclnite Brine develaned b oe Al

ol

{40 o Ghat sobich sowald prodce e intended

L
-
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actusal flight tents in order to discover and correct any tendencies loward
uninicational activation of cuntrols,

Suggestion 18, Accelerate the present program (o *'clean up®” the cockpit
through such means as the use of consoles, flush mounting, and smooth
alges.  Euchioe all conpceting tnbies st ealdes,  Pravide sudliclent separa-
tion of controls 10 that any control can be operated independently without
probability of hittdng an adjacent switch or lever, even if the pllot s wearing
gloves.

F. Reaciino Contaors

Y. Failing to veack @ control when needed (3 per cent of errors).  The errory in
this category are hiclieved to arise from two wurces: inability to reach far
enough 1o grasp a contzol, and necessity for reaching so far down that vision
outside of the cockgpit or vision of the insfruments s momentnrily restricied.

2. Antluopological data collected by the Aero Medical Laboratory
indicate that il it is desived to design aircrafl so that Acmy Air Force pifots
can grasp & control without moving their eyes from the normal position, it is
necessary that contsols be focated no farther than 28 inches lrom the point of
yotntioms of the anm wing it.  "This relerence paint is approximately 7 inchies
10 the side of the mid-line of the Lody,  ‘The distance can be extended for a
few inches direetly aliead ol the pilot il he is fice to lean (orward,

3. Suggested design changes that would dliminaie ervors due to difficulty in reaching
sontrals: )

Suggrition 19, bawate all contrals mud switch pancls that must be used
during tekc-ofl, landing, and other critical mancuvers within 28 inchcs of
the point of arm rotstion at the shoulder. ‘This is pacticularly important for
conirols located near the floor of the oockpit,

V. Summary

). ‘The cesults of thie prescut analysis, based on 460 detailed accounts of

pilt crrors in using cuchpit cunteals, Indicate conclusively that the incidence
" of human ettor can be reduced substantially by designing controly and
cockplis in relation to iuman requirements,

2. An occmsional pilot may claim, as one did in the present study, that he
hins never made a mistake In cockplt procedure.  However, the facts show
that peactically all pilots, scgardicss of thele training and experience or their
Jevet of skill, somctimes make crrore In using cockpit controls,

3. ‘Phe prescent study does not cover sll humsn problems In e design of
controls.  Some pruliltms are not recognized by pilots and hence arc 1ot
desceibed.  Other difficufiics may be encountered so ofien that they are
accepted as & aormal part of flying and therefore are not seporied.  Forsuch
sensous, it s Telt tint e present Tist of errors hias some imporiant gaps.

4. Many of the suggestions which are included in the present rerrt have
already heew generally vecognized nnd accepted.  The engineeris inges
necessary 10 meet many of these suggestions sre obvious ones,  Ju 1any

. : , L
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has since been modified along ihe lincs indicated.  On the other hand, some
of the remedial design changes suppuried by findings of the preseut sudy
cau be stated only in very general terms at the present time and additional
vescarch will be necenary before specific human requirements can be
formulated or engincering solutions found, ‘Lhe tnoad requirements
indicated by the prescnt analysis are summarized in the following paragraphs,
3. Uniformify. One of the most obvious sequirements is uniformity in the
location and aperation of controls. The difliculiles of achicving uniform
cockpits are great, but the beuefits in terms of human life and equipment will
Le sremendous. 1t has bieen pointed out that uniform principles of arrange-
ment and mode of action, together with a similarity in the pattern of conteol
location, will achieve most of the benefits desired. 14 is obviowsly desisable

to use the best arrangements and designs of controls.  Therefore, standardiza.

" tion should not be so rigid in the beginning as to prevent future sefinements.
It is conservatively estimated that over half of all of the exvors made in using

- cockpit controls sesult directly or indirectly from lack of wniformiry,

© give the required

6. Sperd and precision of operation. Aircrall controh should be designed 10
pa-j of precision of action in selntion 10 the functions

" which they perform.  In some cases, it is necessary to provide both for rapid

! ndjumpcm. lm! for slower and mose prechse seitings.
1. Simplification of sequensial opsrations. Contyols should be arranged so

- that the steps of 8 complex procedure are minimized, and s that each

operation follows logically after the preceding one.  Wihenever ponsible,

- only one control movement should suflice for any ane opezation Juch as

+ Jowering wheels or seiting flaps.

B. Natural directions ¢f mesemunt far eontrols, Ve divection of conirol
movement required for cflecting a desised vesponse should bie the “ natural”

. or “expected” one, so that in an emergency the correct movement can be
. made rapidly without unnecessary deliberation,

9. Efficient location of swnirals. Adequate Jocation of control requires
consideration of maximum distance from the operator, adequate scpasation
between controls, and fucations permitting most accurate geasping and

© manipulating.
10, Autompiic sstuation. Too often in the past, whenever the technical

solution of dutomaiic or single-movement actuation has been difficuls, the
tendency has been to “let the pilot do it 1n an ideal design, the pilot
shionld decide what he wants and whm he wants it, and should usé the simplent

, and most direct contro) movement ponsible 10 achicve the desired result,

; The pilot's responsibilities ace too great 1o burden him with unnecessary
mechanical operations, '
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PART I
Schected Accounis of Pilat Esross in Operating Aircraft Controls

{Ersor expericuces are grouped by type and are given in the exact words of
the pilot.) ‘

1. Operating the Wrong Control

Using the Weang Throttle Quadsant Contral.  *'This was a case of misiaking
prap pitch comteols for hrotle controls in C-47 while the pilot was flying
& GCA approach under the hood.  We were on the final approach at abouwt
G Frer whicn we noticed an unusund smand in the engines,  What had
tasppened was that the pilat hud then Ikl of the prep contids mnt was
wsing them for throtdes, ‘Fhey were next (o the pilot while the throitles
were in the center.  ‘This was a bad lastallation also because the gauge for
the props was on the cight of the manifold pressure gavge while the prop
conirnls were on the left of the throttle control.”

“f was acting a2 contral for basic students shooting a stage. At comnple-
tion of the day's fying sud afier all swudents had been dispatched 1o home
base, L stasted up my airplane, BT-13, taxied out to the take-ofl srip,
ran tlwough pre-take.off check and procecded to advance the throttle. |
held the plane down ta pick up excess sipeed and as it left the ground,
proceeded to pult hack Whe prop contral to fow rpm.  Immediately, the
engine cut out and § conlit see nothing but fence posts at the end of the ficld
staring me in the face. Luckily, 1 immediately pushed the prop control
Forwasd to high spm's and the engine caught just in time to keep from

plowing into the ground, Vou guemsed it. It wamn't the prop control al
all. 1t was the mixture control.”
" wThis eeror occurred in & C-47 aircraft.  The pilot, afier the usual pro-
cetlure of lowering the gear and other landing checks, turned on the final
approach leg and reduced power,  Shortly afterwatds, he found it neceasary

to increase power io avoid undenhoating.  In ceaching for ©° “wotile,
the pilot grosped the puyprelice contild.  Aalvancing the pap d, the
engines sounded g il pawer were being applied.  This vcewrren aough

b
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occurred.  The pilot was Gmiline with control panet of » 1-25; hence, he
.~ automatically grasped the sl of controls nearest or, In otlicr wards, thuse un
_the Jeht side +. . . .
Confusing Fiap and Wheel Contedls,  “*A B-25Q with ful) bomhs aiub gas Joad
was taking off from a 3,500-foot stelp with trees at both ends, We ¢rossed
! the end of the runway at an aliitude of two fee and were pulfing up aver Wi
trees shortly ahead when | gave the ‘wheels up® signal, The alrplane
mushed and continucid to Leush the tree tops at a comtant 125-mph speed

-w::::':'..'o. power. The copilot had pulled up the flaps imstead of the
W
**Normal take-off was made in & heavily loaded F-13.  Aller leaving the
ground, [ gave tlie signal to the copifot for gear up.  The alscraft began ¢
1 scitle back toward the groumd as the flaps were setracied instead of the grar.
" Elevator control waa suflicient to prevent contacting the ground again and
 tying speed was maintained. The copilot, in 2 scramble 1o get the gear up,
* was unable (0 operate the two safety Iatchies on the gear switeh and 1 was
- fweed 1o opesate this switch o ralse the gear.  Everything would have biecn
- all sight bad not the number-one engineg quit at thia point.  Fult suddee and
* nileron would not mainiain directional contrul and the sirspeed and shitude
- would not permit any retarding of power on the oﬂ:-ne side.  As the genr
retracied, the airpeed buitt up sufficiently (0 enable e 10 maintain divec-
- tional control and finally to gain o few feet of altitude. The combination of
difficulties almost caused & crash. I believe ihat the ersor of rabsing the
* Naps instead of the gear was caused by inexpericnce of the copilt aud the
. location of (wo switches. Numcrous instances of this error were reported
by members of my squadron while averseas although no accidents were
< known to be caused by it. However, it could result in very dangerows
situations capecially when combined with some othier failure.” ’

“In a B-17-1ype aircrafl, 1 know of five instances where the copilot

ceteacted the wheels instead of the faps.  In one instance, the offender was
, a0 instrucior pifot with over » thousand bours in @ B-17 and, who had alse
- served ® tour overseas,”
. Operating a Contred for the Wreng Engime. “Ou take-oll in & C-47 wlth
* approxiinately ity persans on board, the right engine quit.  The pliot and

copilot bath teached for the leh feathering switch and finally got the ket
« engine feathered.  No one was close enough, or reafized in time, 1o prevent
- this mistake, It was very fortunate that several apen flelds were atraight

aliend—no oue was killed but sevesal persons were brulsed.”

*“On a routine combat mission, ® recently checked-out copitot flying s
ficst pilot hiad been given a position as wing man, Gulng over the target,
.an cngine was damaged by flak and heated up and lost comsisterable oil.
-Therefore, he had his copitot feather the engine.  He remained In furmation
cover the targer and afl the way home. On ardving at the field, he re.
“nucsted the copilot to unfeather this damaged engine. “The copilut was »

ilot on his initial combiat mission, and had the benelis of teany
and comiderable experience in emergency proceduses,  Jle tol

“PILOT.-FAROR" EXPERIENCES IN OPERATING AIRCRAFT CONTROLS

procedures sl Jmisted on the engine being unfeathered.  The argument
continucd and finally the fivst pilot became angry and reached for 'lhe
feathering button, He bit the weang onc, featheriug the second engine.
At thds time, Toth pitota put thelr hends in the cockpit trying to get their
engines unfeatliered.  All this time, they were still in formation, Ase rc.sull
of concentrating on the unfeathering procedure, they skidded inta the ﬂlgl!l
feader, cullln_g?uh fisclage off Just in front of vhe ventical stabitizer and his
plane plummeted (0 the earth 1,000 feet below kilting the eleven occupants,”

“1 was flying with » buddy in a B-26, demonsteating the facs that it could
Ny as well on one engine as any other alvplane.  He feathered one engine all
sight. Then hie stasted to shiut the ignition switch off on that engine and
gt hold of the wrong switch and shut off the good engine.  Alter he realized
the cugine was off, he turned it hack on again and it cante hack to life.  “That
is a seriows ceror when pou have only two engines.” .

Diffenity Wentifying Landing Light.  “ARer a night take-ofl in a *follow-
tirangh® fanding in an AT-G, § turned off my battery -m.i genceator switches
instend of sy Innding lights.  § then became sattled, thinking | was having
engine failure, as well s electrical fallure, and befly-ianded.”” .

Confusing Uther Contrals. A capiain with 18 mouths’ combat expetience
In P40 was oul on & rocket-fising mission in a P-51-D. Ina dufr. on the
target, his airspeed was In the vicinity of 400 mph. - As he sagted his pull up
Grom the targed, it is believed that he reached for the rudder trim tab and by
mistake ok hold of e pileron trim.  His lefl wing was seen 1o fai ll.u:
growml, killing hive instandly.  Evidence showed the aileran Irin 1o be in
the full lefi-wing-down position, and It is belicved that 'I'c. sudder Inm'a‘nd
allcran tehin were placed 100 close together for immediate and poitive

iflcation,” ’
ﬁll:l.;i\l:‘ :I:e sime, the pitot hiad abiout 40 houss in F.5E aircralt. “The occur.
rence ook place at & depot in Tndia, whese the pil?t was test-flying ships on
» TD satus. The ship had been fucled the evening before, except for the
dioppable ‘belly® tanks, under the pilot's supervision. Ovemighy .thc left
main tank had drained into the ‘belly* tank,  Upon starting the engines the
nexs morning in preparation for a test flight, he noticed the left fuel gauge
indicated an empty tauk and because it had happened & few times previowly,
supposcd that the gauge was inoperative. Pt?cceding to take off, he stinined
about 500 feet atthude when the kel engine died.  Emmediately recollecting
ihve Indicated empty main tank, he ceached down to switch 1o a full nn‘h and
did nvot feather the propeller biccause it should have picked up immediately.
Hosvever, the engine failed 1o ‘catch’ and following a ‘hnd_-upomd-locllcd'
prucedure, the pitot tost all biut & very few feet of altitude trying to restart the
teft engine ticfine he finally ‘feathered” the dead prop.  Afier climbing to
5,000 feet on the ccaining cugine, he (ound that he hiad been changing the
fuel selector of the vight engine while the lefi engine rcmumcfi on &N emipty
tank,  All grigees and continls in the rockpit, \.vhh excepiion of 1he fucl
selectors, are For the vight and leit engines, teapectively, a1 you e vk
sithough many mistakes were inade, in 'th‘r's imifmfc. .'r.u.e_ Iy .'m'

.
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1. Falling to Adjust a Control Fraperly

Turning Gas Selector Switch ts the Wrong Tank. ** We used gasuline from the
nain tanks of the A-20 until we tumed on the bumbing rmin. At that time,
we always turned our gasoline selectors to the lunnh-hay tank because we
were sure that there was sullicient gasoline in the 1ank to see us through the
bombing run and well on our way home. On my fisst comban mission, |
thought that } had turned my gasoline sclector 1o the bumby-bay tank, but
just before bombe away my engines suddenly stopped. . | was a hit excited,
and finally noticed that the gasoline selectors were Wirned to avxiliary,  1'd
used up $Hl the gasoline in my auxiliary tank. While § was discovering what
wan wiohg, the rest of the formation got ahead of me and 1 was unalile 1o
drop my bomba the same time they did.”

“This was the first combat mission of this partieuiar P-47 pitui.  He had
flown well and been chay sl the way through the misslon.  Hiswever, about
15 miles from our home base in Burma, he reportod & fluctuntion in his
carburetor pressure gauge,  He grew very excited aned tricd everything he
could think of--changed the prap 10 manual; put mixture on il gich; then
leaned minturé out, He did everything but the binportant thing—tie
didn't switch gas tanks wntil told to do so by the Hight leader.  After switche
ing tanks, he still reporied the same troubile, and about § wiles out his
engine quit. He was advised to jump by the ilight teader; however, not
whiing to sangle with the jungle, he decided to belly in on n sl bar in a
river below. The river banks were about 13 feet high.  He misjudged the
bank and stalicd out so that his plane hit the bank with the i8il, consequently
nosing up amd goling straiglit down into the river,  “The pitut diwned,

*When we pulled the damaged plane frim the river, we foumt the cause
of the accident, The switch lever on the emply tank hiad heen turned
toward the reserve tank, but not far enongh (v lnduce adequate gas supply,
i.e,, it was halfway between the two,  This accident was c:‘led 10U per cent
pllot erroron the basls of the abiove. However, it scems 10 me under the
circunstances the pilot was not totally to blame. He was upsct and ex-
cited because it was his first minion. He thought he turned the sclector
switch all the way, The man who wrote *pilut error® an the report was an
inspecior and safely man from Headquariers who found it easy 10 Iaugh off
the *foolish thing this pilot did” as 100 per cent pilot ervor, but never thought
ahaut the fact that something covld be done about selector swirsches, I it
hasn't already been done, the scleclor switch should be dorigued so that
there can be no possibite way (o awitch it part of the way.”

Selecting the Wiong Flap Setting.  ** 1 tonk ofF in & B-25 with a student pilot
on a 50-foot authosized low-fevel cross-country mission.  Since | intended to
maintain 50 feet the entire mission, vight alter wke-aff, | retracied the gear
and fNaps normally. However, being at o low slitude, 1 did not visually
move the flap handle to the neuteal position, rather phacing it in neutral by
feel. In doing so, 1 inadvericntly placed the hamlle alighily hey '
neutral position 1oward flapa down, al the samie time making a medi
tn teave the traflic area,

&L
Being in a bank, | did not notice the Maps going ~4
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As a result of improper movement of the handle in this manner, | found
mysell at this luw altitwle in & faisly steep bank with 120-mph ainpecd.™

* We stavied dowa the runway and we didn't have any llaps, so the copilut
tried to put them duwan,  You nced 15° fisr take-ofl.  We had a new copilot.
Jle didn't kaow his wiy around Inside a 325 and so put than down adl the
way.  We couldn’t get any aiispeed then so he tried 1o pull them halfway
up and they just kept coming up.  Pretty soon we were at the end of the
sunway with no flaps.  We were just hoisted off the ground.”

Weang Segquonce in Raiting or Lowering Wheels, “1 put the landing gear
handle of & 147D to neutral instead of to down position while in the
teaflic pattern (or & night landing. The landing warning light failed 10
function properly—consequently, a wheels-up landing was made.”

“When returning from a day practice formation flight in a B-24, wid
nuwmber-one engine feathered, duc to the prop governor being inoperative,
the following errar in operation of conirols occurred.  The pilot planned 10
make a chine paticrn amd to drop his gear on the final approach. Turning
feom = short biase leg, with plenty of allitude, the pilot placed the gear handie
in the down position.  After the main gear had extended, and before the
pilut hiad received the *gear-down-and-locked® sigaat from the engineer, the

ilut pitaced the fiap haudle i the down pesitien.  The Hap selector valve
hypassedd all the hydravdic Anid from the main gear selector valve and ay a
result the wose genr failed 1o fully extend and lock.  As the landing ruit
sluwed dowvn and the nose gear tauched the runway, the nose gear collapscd
sl cansed considerablc damage to the nose section of the plane.”

Adding Power Too Suddenly.  **The trim tab had been set for landing.  The
caulet overshut nud husd to go arouad agaiie.  Me hit fill thecottte and the
B1-13's nose went right up,  Belore e could get the nose down again, e
had sialled and ceashed.”

Failing te Lock or Unlock Throtiles Praperly. On take-off, thie copilol of a
C-47 hailcd to tighten throtite tension sufliciently, so that throttle control
stipped back the instant she first pilot released it,  Recovery was made in
sufficient time to prevesn serfous {ose-of power.  This has happened several
times and might easily prove fatal.”

Failing to Roll in Tvim Fass Enowgh. ' On a B-29 mission out of India, 1
was 10 Iake anuther airplane 1 wasn't famillar with, 30 1 went down in 1he
alernoon of the night Might and cliecked everything in the aircraft. |
noticed that the clevator isim had been sct 2° afi, nose high, and 1 assunied

" that the pilat who had flawn the aircraft last had set il that way in landing.

On take-off that night, 1 gained Aying speed around 120 and tricd to get the
nose ofl the runway but she wouldn't give. | gave hier more trim, Dy that
time, § was at 130 ainpeed and running out of runway. Finally | had 10
take my lell hand off the thirottle, put it up on the wheel, and jerk her up by
force.  Aler the mission, we checked and found out that the trim tab control
wheel had slipped about 4°, The trim tab is down to the leh of the pilot

andd is aliont an O-inch disk. It 1akes a good deal of time 10 5¢: ‘gwn these
amd s it Ddsay it takes about a revolution to put in a of trim.”
Failing ta dedjust Othes Controly l’ropu!y. *The switch fur i, < and autu

I
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foot, In some B-17's this switch ls spring loaded in the automatic position. .}
In others, it is a 3-position awitch—manual, off, and automatic. 1 was

familiar with the former type and got into the embardaning position of having
no hydraulic pressure when § needed 6"

IiL. Fergetting te Operante ® Control

Taking Of with Flight Contsels Locked. **We were headed overseas in

B-24, taking off at night. ‘There were other planes taking off ahicad of us
and It was a fairly windy night so § locked my roatrols.  The runway was
rather short, We turned on the runway with full power and started down
with the wind 1aking us off to the left. 1 tried to use my rudders and found
they were locked. For @ second, | thoughit it was the wind. | tricd them
again, then tried the aileron, and found it was locked. 8o [ liad the copifot

. unlock them. By that time were going about Afy or sixty miles an howr

but we Anally got off okay.”

“Fhe only ersor 1 can recall st the moment is one Ume wlicn two aviation
cadets were killed in an AT-17.  They took off with the rudders locked, |
suppose a more expérienced man could have gotten off and coime in with just
the aitevons, but in this case they didn't get off the ground more than ten feet
and then went back in." ’

Forgetting Generator or Magnets Switch.  *'After scramble take-off in & P-40
for a night defensive mission and normal climb to altitwde, an interception
was altempted on enemy bombers. Some thirty minutes later, complete
failure of the clectric system occurred. After aliempling 10 solve the
difficuliy to no avail, the pilot circled the area uniif the alert was over and
afier some difficulty, managed to pump the gear down and elfect a landing.
Later investigation found the trouble to be in the generator awitch. The
pitot had missed it in his cockpit check pelor to take-ofl."

Forgeiling to Make Proper Engine Contvod Adjusiments.  ** Student wason a dual
iransition Aight in an AT-6 letting down from about 7,000 feet whiere we hiad
been praciicing acrobatics. The minture control was pulled Linck for a very
fean minture at 7,000. Student forgot mixture durlug let dowa, so at 3,000
feet engine began cutiing out.” He went through alt of the cmergency gas
procedure—changing tanks, using wobble pump, cutting throtile, sll to no
avail.  Swdent was preparing for forced landing at 1,000 feet when | puslied
mixture Fmard and restarted engine. At the time, he had completely
given uplrestarting the engine.”

Forgelting to Lower, Lock, or (heck Landing Gear. “*Wlhile at an English
gunnery school, Aying Spitfires, we always made very shost pattcrns coming
in for a fanding. As a result, we became a little careless on checking our
gears.  One day | failed ta check my gear sclector, came in, and Janded.
11 was a fairly decent lnnding but when § touched. 1 rolled about 10 feet and
the gear just folded up, and all of a sudden the props Legan flying evesy
which way. [ skidded about 30 fect on the runway and there T sat.”

Teking Of with Wreng Trim Seftings. 1 was returning from my fin' ~

At in the P-42. | had réceived landing insiructions and had m
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trim 1al was turned a considerable portion to the left as 1 broke my glide
preparatory to landing.  While upstairs, § had given quite a bit of thouglit 1o
this particular landing, my speed down the approach, when 1 would stact to
break my glide—cverything. As it happened, | made g pesfect three-point
Ianding in the it hundred feet of the runway.  Frankly, it surprised me for
1 had not expected half as good for my first dry. 1 suppose it halfway con-
vinced me that all my fears upstairs were ungrounded where landing was
concerned, 90, the Innding over, | forgot everything except the fact that |
had made a pesfect landing on my first night fight.

“After having smoked n cigareite and shot the bull with the fellows, )
entered the ship again for my second fight of the night. This time, |
wasw't worried, only bored because | had to hang around the line so latc at
night. | taxied out to the take-off sunway without a care in the world,
still congeatulating myselfon the perfect landing.  After checking my engine
instruments, | received the go-shead signal and gave her the gun. At about
80 mph, the ship tried to leave the ground but settled back down again so |
gave It more mercury.  Alt the time 1 noticed the stick pressing harder and
harder back in my stomach and the plane had a tendency to veer viciowly
totheleh.  Inasccond, the ship was ofl the runway and bouncing acroun the
grantothelen. Then—100 Inte—1 realized that | had forgotten to set the trim
1als for s1ake-olf. They were still in the 1ame position | had wrned then for
the previous landing. By this time, 1 had forgotten about the rudder (1
conldn'y puasibly hold it) aml was concentrating all my ctfort on holding the
stick down and keeping wings level. 1t took practically all my strength o
do this In order 10 kecp the plance from going straight up. 1 could only
veach over and urn the elevator tab a little at a time until it was back 10
nounal, ‘Then, aller also adjusting thé rudder tab, 1 took stock of my
shwuation and found that | had taken off 30° to the left of the dircction of the
sunway and hiad narcowly missed a jeep a2 | bounced across another runway.
Unce {gol those tabs akay, 1 had no more trouble and there were noserious
resulls,”

Tehing Of with Pitot Cower On. **‘The following experience can be directly
atuibuted o carctessnces an the part of the pilor; however, it has been
expesienced by most pilots and some instrument could probably be devised
to remedy the situation,  The pltot took a P-47D off witls the pitot cover on,
thereby necesitating an exwremely ‘hot’ landing due to the fact that no
indication of the airspeed was available, This camsed & potential hazard
to hoth the alreraft aud the pllot. Some sort of warning light could be

aced on the Instrument panet which would light up when the master switch

wencd on and the pitot cover is atill on.”

_ Furgutting te Operats Other Conirels.  * Our plane, a C-47, had a load of 33
persons with Laggage. At the time, we were flying at 4,000 fect with a near-
solid overcast at §,200 feer.  This happened in India and there were no
regular alsways or radio facilities in the vicinity. Approximately an hour
and @ half after take-off, the left 0i] pressure sarted 1o decrease. A few
minutes bater, the ek prop ran away, It way immediately wed. A
leidown was made through the nearly solid overcast so v mnight
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cnum_i by my mixture-control being pushed into *Idie cutofl® acchlentally
by my arm when 1 was siruggling with the bomb velease,”

Vi. Unable to Reach a Contrel when Needed

"1 was taking off from Clark Field on Luzon, Philippine luauds, in a
151, - As I left the ground, the plane nosed down and the prop alimost hit
the ruvway.  The reason was that the gear handle in the P-5) s 5o far for-
ward that when the pilot reaches for h, he ls flying blind from the time he
veaches for the handle untid he is in an upright position again. This defect
has catsed several accidents that § know of, I my opinion, the gear handle
should aiways be wliere the !rilol can reach It whihout going on insiruments
or ‘sear-of-the-panis® fiying.® -

“Thisis an experience | had flying P-51's in Germany, O this particular
misston, we had gotten a litle bit off course and flew divecily aver a large
city in the overcast.  They shot up some flak at us.  In hweaking away, §
1an ouit of gas on ane of my drop tanks, Reaching down 1o change over o
an internal tank, b stuck my head way down in the cockpih and a1 the same
time | leveled ont of my turn.  Unconsclowly, § must have pulled back on
the stick, because the next thime 1 looked out of the cockpit, 1 had coine up
vight beside another P-31. 1 was inches from hining Wln.  Just had my
head down In the polt and wasn't watching what | was doing.”

Paper ? .
PSYCHOLOGICAL ASPECTS

OF INSTRUMENT DISPLAY.
1:—ANALYSIS OF 270 “PILOT-ERROR™ EXPERIENCES

IN READING AND INTERPRETING
AIRCRAFT INSTRUMENTS®

by PAUL M. FITTS

Profersor of Paycholagy, University of Michigan,
Ann Arber, Michigan

and A, E, JONES
Systems Planning und Resenrch Carporalion
Rackville, Marylond

A. Purpose

1. Tn order to determine methiods of designing sircraft instruments so as
to linprave pilot eMelency and reduce the frequency of accidents, accounts
of 220 esvors made by pilots in reading and interpreting instruments have
been collecied and analyzed. Results of the gnalysls are preseated in the
present repori.

B. Factual Data

2. Accounts of errors were obtained though recorded interviews and
welien reports. ‘e Rullowing question was used to elicit the desited
information:

Describe in detuil some error which you have made in reading or inter-

cting an alrcral fnstrument, detecting & signal, or undenstanding
Eauucl{om; or describe such an error made by another individual whom
you were watching st the time,

3. Pilots in the Air Materlel Command, the Alr Training Command, and
the Army Air Force Imtitute of Technology, and former pilots in civilian
nnlnnilL contributed ervor accounts.  Only detaifed factual information
furnished by an eyewitness or by the pilot who made the crror was accepied.
A teports wese given anonymouwly.

A ed from Memoranduin Report TSEAA-694-12A, Acra Medical Laborainty,
il?l‘::::l'rl O;mlund Waight-Fatterson Al Fosce Base, Dayton, Ohio, October |
| T

A
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on the right engine to maintain 115-120 mph.  The right cylinder head
temperature 1an up to 230 degrees Centigrade aller five minutes of operation

ot this setting. The passengers were then told o jettison their baggage.

Anfr this command was effected, the plane held altitude st a lesser power
setting. We were able properly to orient ounselves and gnocced to a British

. emergency {anding strip some 50 miles dittant,

“A long, high sieaight approach was made and at an altitude of 1,200
feer, the pilot ordered gear down.  The engineer put the handle in the d:bwn
position. | waitched the pressure gauges on thie right of the copilot and after
a few seconds saw the pressure was not building up at all. !y this time, the
(W1
to the engincer and asked him what the hell wan the trouble. At :;leadt
instant, he remembered he had not changed the hydraulic selector valve to
the right engine, This was done immedintely and the gear was down and
tocked just a few seconds before the plane touched the ranway.  The pilot
landed the plane in the first two-thirds of the strip.  No damage resulied 1o
the plane or 10 the personnel aboard—but it was wrp close indeed to being
another story."”

“AC-109 that took off in front of our C-4G in India did not use landing
lights and al.mou ﬂe.w into the ground out of a turn immediately afier take-
off. 'l‘he. pilot straighiened the plane up in time, however, and made »
normal climb from the field. Checking on this later, it was found that the

f.im:'n'd takeh og' n::t'lz gytos u;e:l.. § have heard of this happening on

1V. Moving a Control In the Reverss Direction

, Making “Reversed Trim Correstion.  “‘During 'a denonsteation flight of
single engine procedure in a B-23C type aircraf, it was necessary to make the
rudder adjustment using the sudder Lrim 1ab on the floor hetween the pilor
and copilot seat.  To make this adjusiment, 1 had to take iny cyes ofl'of the
instrument panel and bend down to reach the trim tab contral. The trim
tab contsol trims in the oppasite direction for which the corregtipn i desired.
Becauee of the design of the trim tab, opposite trim was put in, giving the
alreralk @ Jeodonsy g smap roll.  An negident was narrowly averied.™
~ Making Rawerscd Wing Flap Adjustment.  **As an aviation cadet, | was mak-
ing an instrument take-off (under & hood) in & B-25-type nitcrafl,  The take-

. off luell was uncventfut. . After becoming alrborne, | retracted the gear,

made power reductions, ete.  Aller reaching 300 feet and at least 16U mp)

!::d down for the Aap liandle to raise the Nlaps. Duc 10 the m'::::n.i
strain that simn_alned instrument flight under an exacling instructor has
upon a lowly aviation cadet, I mistakenly moved the lever to the rear, instead
of forward, putting the flaps all the way deun,

*Naturally, the aircraft slowed down and 1 was quite busy keeping #* -

‘der control while the instructor scarched for the trouble. He four
tily and everything turned out all right but we both had a few an

waments because of my erior™ <

TR N "n oA

r

157
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nucmal cruise fur aboul ose ieur when a change in altitude of cur 1-24 was
needed. “Vhe pitot renched for the mixture controd and, probably thinkiog
he was in & conventional type, pushed one mixture in idle cutoll and started
to push the uthers in the same psition.  The copiton immediatcly noticed
this and corvected the mistake before anything happened. 1t scems (o me
that the B-24 sud the 88-17 nre the only planes whose mixtures worked from
fromt tn rear instead of rear to from.”

Making Reversed Aovement of Seme Qther Conteol.  * Pital's coolant was very
1ot s he wie instwucted to open conlant shutters,  Instead of opening then,
hie clused them which made things hotter and he was fosced (o bait out.”

V. Unknowingly Activating a Control

* Coming in on the final approach in a B-17, the pilot asked for landing
lights. ‘The flaps weve one-nll down st we were about 2,500 feen shont
of the runway. When reaching lor the landing lightts the flap switch was
accidemally hit, knocking the flaps up causing the ship to mush inte the
ground. Major damage was done to the plane. [ think this coutd have
ticen prevented had the switches been further apart.”

“ While llying through a cold front at night in a C-47, icing conditions
were encountered il it was necessary lo apply carburctor heat to the right
engine.  While bandting the carburctor lieat conteols, the copilot unknow-
ingly moved the right-engine gas sclector switch out of its proper position.
‘I'ie gas sclector switch vibvated around ta the ofl position and approxi-
matcly two minutcs alfier the carburetor hieat had Leen adjusied, the right
engine cut vul. A possible tragedy was averted by the quick thinking of
the cngincer who turied his flashlight on the gas sclector gauge immediately.
The engine caught agnin as soon as the selector swilch was teturned 1o its
correet peaition, ‘The rest of the flight was uneventful”

“My P-31 syuodron wos inaking the first fightcr-escort mission (rom Jwo
Jima to Japan s escort for & sirike force of B-29", Al went welt unitif we
rearhed the rendczvous point with the bombers just south of the mouth of
Tokyo Uay. At this point, the tignal was given for the fighters to drop
enternal gas tanks, My altitude at this time was 21 000 feet. Beloie
dropping, 1 switched to au interual tank in the prescribed manner.  When [
pullcd the manual relense, only one tank dropped, 3o [ gave the release
another and harder pull,  Almost immediately, my enginc cul out without
warning. 1 called the flight leader, told hitn of my trouble, and turned ot

toward the ocean, for by that time we were about 3U miles inland.  As [

over the bomber siream, some Irigger-happy gunhier gave me a help
writh his 50 caliber, 1 was very puzzled s to the trouble with my engine
aund did ot finad the trouble until 1 was down to 9,000 feet and all by mysell
over ‘l'okyn lay.

#On the P-51, the mixture conteol is on the lower hall of +*» thioitle

quadrant, ‘The masual boinb release iv on a straight line frc = pilot’s
shoutder past the mixture contiol. If the pilot gsasps the 1 release
walin vn e in oo itouble, bui i b giasps the telease G gwrn, hi
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