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'YlLW.EHHOR" EXI'WIIENCeS IN OrEMTlNO A I R C M  # -  CONtR a- 
povidc cnnmpln of erron In each cotegory, lorty typical error dacriptioru 
uc rcproduced verbotlm in Part II. 

5. fibrlitmtiwn trisr~, in uhich the wrong control w u  operated. cotuiiiutcd 
cmrlly M) Irrrriitu(al1 the error dacriptioru colleclcd. The moot common 
u l i t y p  I$ rrnin iuwlrr Ihk "rurrnl rn lw iny  wrm'mnfiuliur d tlirntlle 
quadrant conlrds (19 pcr ctnt), mnrwion d l h p  and wliecl mntrub (W \'er 
cml) ud Impleincntotbn d t l ~  wrong engine control or feathain# button 
(8 pcrrrnt). 

6. A & h l  n n r g  and F m g d I i ~ ~  mnr uch ruauntcd Tor on d d i h n a l  
I6 per cent d ail tnon. 

7. Three additional categories, R,ur~.l arm. Unin(mli.mI ~ ~ m ,  and 
Uublr b r s d  amuiiled br the renuinin[ 14 per cent or error rrporu. 
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8, Ractiul ly all pibu dpracntday Army Air Force aircrart, regardlcu 
d exarknce or shill. rep011 that they sometimu nuke crron in wing 
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accidents attributcd to the "pilot-error" rntqory.  I) Inns lrcn ~ l t q  
to assume that yreveiitinii or accident: due IO inateriel l i i l i i r c  w pm 
maintenance u the raponaibility of cnginari i ia ~ ~ ~ ) ( i i i e I  a i d  tlut ml. 
denu due In crmn d pilots or rupcnhry (mui i i ie l  are the ra~nnu iWi t r  

I 131 

*riurr.mnon- IIXPERIU" IN OPERATINO AIRC" MMKOLS 

11. Methods hplsyed  L. C.UecUom u d  Aadya la  of Data 
I. a l e  nnl r lcp  hi Iq l i in in#  tlic m d y  w u  to develop ruiuble qucitinns 

~ n c l  pnumliirm CW ulitnliilitg crltiral Tnctanl I i ikwwntluii ~ U U I  p i h w  
DiRrrnt quahta were i rkd  out and a Ini orreven fimlly ~c l s l cd:  Y ~ I C  
pracitl rcport b cnnccmcd only with Ihe aNWCR lo one of thew quotions. 
whkh rerda u blloin: 

lkscrilm in detail ail error in t l ic operation of a &pit control ( f l ig i l~ 
conlrul c t y i ~ c  control %k swicch, relector rwikh,  trim tab contrul, 
de.) wiiich was nude by younelf or by another pcnon whom you wcrc 
watclilnR at the time. 
2. Finy pilntr were Interviewed Individually using all :even gumiO,,,.t 

w#eatiisg aarwtn In tlic quatDN and limitcd ittcnuclva i o  cornmenit 111ai 
wild elicit additionnl liikrmaibn wlicn accounu wcrc not clear or comptcic. 

J. Piny additiatd pilou w a c  lntervicwcd in ~ m u p  rangin8 from nve io 
ten p(miu. Ilieumc M n  qUCllioN u bdore were used. All individuals 
in Rrntip i v e ~ c  Riven an opportunity to contribute an  upcriencc in an3wer 
III a i ~ ~ i m t l ~ ~ i i  IICGW tlic ~*twir wciit on  in the ncni. Scvcrnl oiic-Iwir 
nect i i ip  wcrc lickl with each 8muy in order to cover d l  of the qumtiuiu. 

4. Aner preliminary a i ~ l y l b  d t k  inleaview data tecurcd from ii lcsC 
I00 pllou. a prlnld rorm w u  prepared which nave a briefexplanation or II,C 

pur- d t h e  itudy and ptuvidcd :pace Tor writing ~ N W C ~ .  to i l m e  (IIc 

bcuwe it w u  Cuund that t k y  elkiced the grutat  amount wrui  inrotma- 
tbn, liieiudnl tlic one on ermn in win8 contmir, a similar quation on 
Instrumeat rudina crmrn. and a quation uking Tor '*pet pceva" regarditis 
the oakplt. 'I'liae printed Cornu were then dbtributed to pi lou a i  Wright 
and Pattenon Fkkh and to pibu attending the Army Air Force i N i i l U l c  01 
Tcclinolqy. coboel D. S. Kclwy, Chief of Base Services, Air h.latericl 
Camnud, uraiqccl Tor dLt r ibu lbndthe  fornu at all outlyina bucr or II,C 
Cmnnuid. hran~aneiii~ m r e  nude tlirough the Surgcon and i h c  
Mrcctw d TmininR, Alr Trainin# Command. Cor circulaiion or r o r m  
witlii i i Ilia1 Chm". In ddilion, a @up of Ton"  Army Air Forcc 
pibu in iinlverJt*r annind Ibc country were conlacled and uhed io  CUIII.  

pkte tlie Twins.'$ Submhbn d Lnbnnrlion w u  on a voluntary buit a i d  

~ I i i a l  Iul uf quaiionr 'Ihac ihrec qUUlioN, which were C ~ I O I C I I  

rrF4ia were amnymnw. 
O h .  \l'b I). WeM dun1 h i r d  out ih iniil.l Id d gun!ion!. , , 
t 1 * n r u d ~ c t n b m ~ ~ n n ~ u r ~ ~ b l ~ i k b ( o r i , ~ ~ i n d n d w I ~ : U r .  P. hi .  

nii'T h.l .I maw, '3 h m  rm & . I d  lhrov h Ih w r a i l m  d ah ~ * d l u w i q  
d!l$.I~: lh. C W. emncll M W  Unis*cGl).; A. U. C"TIyn. I "m. Uninwv; 

I(. C. 1-1- I. (1. K-h. LI, n. % ~ ~ w d I t r . m d  11,. I V .  B. Wrbb. 

a. 8. Q T&L*n. VawkrWti b111dor; lh. 0. v m  I t .  Gilnxr. UP 

nl lh  I t n l v m d i ~  4 h4ql.d; b;. W. E. hmppad. P r l n u i a  
k 4 v .  ~bl\mllr dMkhiimi th. R. 0. l a r k , .  ( h i w r d y  4 \La 

I d \ ' i t p i * :  a. N. Hdb, trlunldr Unlrrmi . VI. R. 1. pitrli ,  Unlrwdiy d "I.; " . d ,  1:. a 
I\,,&. 1.. 
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iliiiugh the spceilic elements are varied rivuidcral~ly. ,\pplyit*R h i s  IO 

nircran daign, i t 'appcan thnl it la impnilant Iii nininlniii i i i i i lni i i i i ty d 
~ rimlit-left and up-down relntiniuhip, but that rimid suiiilnicliriitii~ii ul  all 

dimensions la nnt a b l i i t e l y  ncrcrury. 
5. Another important factor uIJJ, m a y  l ad  IO i i p ra i inn  nl ilic w r q  

con t rd  b IIK e h  pmnimity damtmla. Wliei i  a pikc 
a amid without boLiiin. lie will INII Innitinn h i s  haid 
I i u t k w t  m "ive trim Arriuncy iii IncntiiiR a 

riiiitml v r r i n  \v i l l i  IIIC! p m i t h t  d the miitrd. with Iirnriicc. aml Will1 

dil lerrnt iinlividuals. lint limiu d accuracy rail IIC ntabli i l ir i l . JIIRI L( 
visunl acuity can )a dcliiied in t c m  d the viuial aiinlc aiibtriii~ci~ 111 IIK 

' smallat letter that can Ir -IC MI a tat chart, NI l i n t h i  dlseriiiiiiiniimi can 
: k defined in l e m u  d l l i c  v c r t i u l  IW Indmlotal aiy(nlnr nqnrnti~rn iirrulry 

t u  a d  cwibslon of miitruln. An i n v o l i ~ n l L m  nf thh priililriii Iias l m n  . tiiiilcmay at the Aero Medical L.lontory OW the IN ,year riid ilic rntilu 
wi l l  be publlrlied in ~ h c  near futiire. 

6. In addition lo  lack d miibnn louliu~b aiul q i n c i n ~  id rmilrols. it b 
. k l ieved tliac coiiimlr are d e n  main4 ~ I U C  piklca Iinc.c! itn Innitive 

n i e l l d  of ideniifying a milid by llie wry  il klr tvillmil knikisK at it. 
'Ililr la apechlly likely to lead (0 an error duriug crkculr~tnl IniitliiiR, dttrinB 
'combat, during night fliglil, mnd at other l ima rvlien the cockpic i s  d i m l i  

I lighted or when llie pilot da, MI want l o  Imk ckiivn i i i to the cnrkpil. hliot 
nf tlic n-ry r a u r c h  on diapc-mding dciiiitiiih lins alrcnily IICCII cnrricd 
nut. In l94i and 1945, OK Army Air Force &Id  o f  Avintiii i i hlcdiciiK 
reported s tud in whicli alawcd clearly that tl it  iiiiinlrr d crinn mndc in 
'icnrning a tiew control arrati~einent b grratly r t i r r d  rvheii s h q r  coding 
d knoha i~ pmvided.a* ** I* 'llr Aero M d i l  Irlniratnry liar rrcently 
piihllrllcd tkrec reprut'. on ilie nliility d pilnts In nccqnirc dilrerent 
dinpa Ilirnuah the #ewe d tnucli, and one r e p t  (8) 1111 the prrfcrcrca d 
pilots regadiiiR which cnntiola should la n*M air1 which ahnpa nuiaiird 
In each mntrd. AI i8 Ii i ie br uiiitnrmily d pa i th i  a i d  #elinrathi d 
cnntmlr, codin(( a110 tlinuld be extended In otlw rnntnh than t l m  nit t la 
tluoctle qiiadrant. Actinn 1 achieve t l ialr  mliiy b imw l r i i ig tnkcii by 
the AircraR Lluratnry and i s  under dlrcuniun Iiy t k  Arrorautical Ib.ld'8 
Sulco" i t tee  MI Cockpit Standnrdlxation. '. ' 

a114 Irndiiq g8.r cuilrdr ( I G  Irr cent n l  errors). 
C*nihtion o f  flap niid whrrl niiiiitlb WN no( rcpatd N rreipeiltly u 
i i i istaka hi oprratiiia cnntinh in1 the Iliriilllc iliindraiil, Iiiit the Ilnp.Rur 
sulniitution errni w u  dnrrilKil mure fiquaitly tliaii any other c r m  
i i ivdving a aingle pall ofeuntiuls. 

8. One r u n  tliat ii rrqiiently given Tor confiuinn cvlicelr atid f l a p  b 
the proaimily of the twn controls. This source d e m w  lima now hen cor- 
rected in mort aircrnn, and the rhpiremcnt fur i i n v  nircrnn i s  tlint "the 
flap actuating contrnl handle shall he located a h v e  nnd nt lcnii  I2  i i i c l ia  

' 

1. Cq/iuring win# 

t l i e  latidine m a r  control Iiaiidle . . ?I* c. *.*I*. Illnnrmis cnfiirv 

l d l  

4 ~ ~ ' l l . ~ ~ l ~ l ~ l l H l " l ' '  l ~ X l ' l ~ l t l l ~ N l ~ L S  IN 0I'I:HA'I'INO AII ICI IAI .y  CON I'IIOIS 

hat iithrr psyrliidi~iriil fituioir l r s i d c s  s p i i n l  Inoaimiiy cutttributcd c0 t I t i i  

mu. l'ilutn t l i r i i iv lvrr iiniiillr dii iiiit i I y  tn ciplaii i  ihc cause ihii 
prlii:nliir riiiir bill Irlcr III 11 11s nu caaiiiylc 111 "lie.di.u~~-aiid.loched" 
khiiviiir, or ur i ineti i ig witluiiit thiiihiiig. 

9. 11 i s  p q m u d  i l ini  n luiric Iisycliiilugicnl cause or ilic conruiion o i  
*hrrIs nncl I l n p  iiinr lir in the b c t  h i  ihue cu~trut r  lrcqucntly air  
qwrnlcil iii srqiiciicr. tlir in101 common reqiicncc bcing o p r d o n  e/ ai whrrl 
isntid iinnirdiatr!, prnrdittg opmlirn .I' the flap eoiiliof. Alicr iaL.ol1. h r  
nniiililr. tlic ucpriirc is tii mile wlirtlr, tlicii Ilaps. 111 preliaring IO l a i d ,  
tlir i is i i i i l  myi ir i iw naiiiii i s  to h iwrr  wliecls, tlicii llaps. Alicr Iaiidinu, il n 
pilut i s  iiut aiirinliiiR carcliilly tii rvlint he i s  duiiig, he  inay stnrt IO rcpcat i t te  
uqiieiirc whlrli he lint j iut  mniplctcd priiir IO Imndin~. 'I'lds thcory. or 
NIIWU, h c ~  iiiit calilniii ihc crriir nl rnisiiig Ilalw instcad w l ~ c c l s  iinmccli- 
i t c l y  iilirr tnkcull'iir iii a gu-wruiind iinr dclu 11 niggat a practical sulutiuit 
tu the 1irnlilriii. 

IO. I n  niklitii i i i tu cninil Inrlurs already ineiitioiicd, i t  u LKlicvcd ilia1 
Or11 ani1 wliccl ciiiiCisinii niny he due lumetima to tlie fact that t l ~ c  mode 01 
actiiiii ill'tlinr twii  rmitruls i s  very similar; fur cnamplc, n tugglc s w i t c h n a y  
Lr iilnl CN Iniili. 

II. OJprirlin~ thr iirong en# iw~8~ l l# l (O  per ceiit olcrrors). T h i s  crior may 
Ir iiiiicli IIHWC srriuiit whcii it happen8 than thc two l y p a  ofcrron cliicuucd 
iii the prcccdiiig p:trngialilia i i i c c  i t  rrcquciitiy occurs in aii ~ i i i ~ r g ~ i i ~ y  
eaiilnl I iy kar i t 1  uiie eiigiiic. T h e  error includn kathcring ilie wrolig 
eiqiiie, ur opcratitiR the ignition switch, mirturc. or throttlc for tlic wroiig 
eiiqiiie. 

12. 'Ihc caiix of rrron iii rvliich pilots operate a contrnl lor t l i c  wroiig 
Cii&illC idmi i l i i c i i~ i i ie  aircrnn are comlilca. In training. eniphwu i s  placcd 
011 iht ileccnity Cir "~IiiiiJiiii~ Wore nctiii8." but in tlie use or a11 cngiiic 
failtire. tlic urgency ~ I I K  i i~ua t iun  K i v n  maiiy piluu a cnsc o~" lca i l ic r i t i~ . "  
Is tlic rnsc dn inny  accYriio i t  b 1101 clear rhci l ier  a pilot l ~ c a i i i e  codLscd 
u In wli ir l i  eiiRiiic WN out (nii error of coinpreliciuion), l rcamc c o d i i i c ~ l  
an IO whkh cinilrul,hnukl br u p r a l d  lor the ciigine that  was VUI, or 
rhrtlirr Ir iiindvcririitly ~iiulicd nile leathcring button whcn intending to 
hit aimtlicr. Rrioir is rcacliiiR ciigiiic insirumcnts and auggcitcd i iuiruincih 
da~~i ic l i~ i i~aaredLc~uvcl i i ia~paratcrcpnr~ (MR No.T.SEAA4WH-12A). 

15. Suine piliitn nimnleiit that reatliering buttons arc tu0 cloie tf lgCtl lCr.  
11 limy Ir Iwmihlc that u m c i i m n  a pilot will hit one button wlicii nciually 
reachiiiR INII Cw aimher. 

14. \VIKII an ciiaine nut suddenly, nnc 01 t l ic I i i t t  indicoliuni or 
troulilc IJ\CII b an i i lereuc iii b c k  pro lure Cam tlic rudder on the opporiir 
,%, 10 111+ dead etigiiie. \ V h m  the right engine g ~ a  out. lor eaainplc. illc 
Pitot mtffl com~rwlc with Id rudder prcuure. It i suggested that lliii 
lnny a ywree ~~IIII~II~IIII. since t l i t  pilot mny i i i itinctivrly ici i ic " R C I  rid 
01 ~ I I C  IllDg (HI t l ie lcl i side." and iiciicc reach aulomaiically lor iltc l c l i  
featlieriiin biitiuii. UII Iiuacvcr, tlic writcis have no direct cvidcnce i i t  
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iRliI-wliig am1 Icn-iviiig tankr, q r c i a l i ~  in aircran In wliicli ~elcctur valves 
IIC on llic lrn-liwd dC)e d tlic cockpit with the selector lor OIC krt.wiiig 
auks fiinranl. n thnt aa t l ie )iIiit tumr aideivaya IO Itwk at the cuiitrols. die 
IIIP Iiu the (m iving is  UII hi* ri&t and the inic liir tlir i i K I i t  win# i s  on Itis 
kn. 

1. lu iYr)n uqwur h /uwtrimt dnl t  (4 per ccni O f  C I I ~ ~ ) .  Errors iii 
i ~ l j i ~ ~ l ~ n r ~ i t  d wli r r l  aiiitnih IIII IaiidiiiR and takc-nlT can lr atcrilutcd 
p l i ic i~mi ly  tii t l r  tiiiiiilrr r# tlill'ereiit s ~ c p  required in IOIIIC airctan to 
birer. kuh, "I check tlic I~IIIINII~ gar. ):rroa uf thu t y i r  are made must 
knpiriitly 111 plkdr INII t l ~ ~ u n n ~ l ~ l y  eiiecked on1 in tlie aircralh. lluwcver. i t  
tppran Ikl a Sn~INantiat llulldrr Orcachph erron can bc c~imiilaced if the 
ptanliirc rm~ii lml kw kweriug the WIINIS u n  bc rimplled. 

3. t>i&~l~ rqiriringJlaps (4 (m cent d erron). Errors involving tailure 
tntditnln ~Iudc~Irnl Ilnpsctdiig appear In IK due IO diniculty in opc rahg  
cln llny MIWIII in cnw ivlicre the (iilut Jar iiut make carcrul and heqiiciit 
vbunl clKCLr I'ibu ICIIC~INIIY duerlbc err011 whicli are made when they 
d y  mi kl 18 c l r  I(up wiitinl (uitiuii tu tcll them they have inadc die  
d a i d  wlti~i(c la atveml CUYI. yHoU tllorigbt tliey Lad ylarcd rlic control 
In s "irntral" pnitinii ltut aclwlly lid i t  in (tic "up" or the "down" 
pitki i i  iiutrul. 

4: A ~ i ~ ~ ) u w l m r 8 ~ n ~ ? u ~ i * l u l p r ~ ~ r d ~ n ~ r  in him (2 pcr ccnl  ulerruii).  
&r&iitstl l l lkult in may mur IU a coiiuqucnce of tlie ruildcii applications 01 
pnvrr wlvn aii a i r c t d  L snit piupirly trimmed, For cxsmple, when 11ic air- 
nnn lut )avo) ~Iliiiiiril Iiir hiiiiliiy( a i d  tlic pihit ciiihlcitiy i l i : r i i l rr  he i m n i a  
to 81, ~ruund. AIt Iwi~Is c r w n  ruth u l l h  call IIC rc~lurcd Ili~uagli tiaiii- 
kig, trim anitrub tlut wiirk rapidly and are eu i ly  acfcrtibte might a110 
pcvciit maiiy aer&ksU. Necdln, lo uy. it would not bc desirable 10 makc 
& trim ~~IINII iiytrate IIIU rrpidlp. 

5. IJ#+ Whf *rrllk (I p cent uf erron). The prucnc duign of 
tIn*rk Inch a*itrilnito 11) rcveral hinds of crron. IC IC common practice 
L* t l r  copikw tu rqrrmtc t l r  lalr wl i i k  the pibt hwp h is  hand on tlie 
thndtk 11th IUC d scc~id p c m  Is a c+pic pmrcdurc wli icl i somc- 
JN) auitdhta directly tn aii accident. Alm. i t  u often diniculc for t l i e  
pika toch in the CMCI crtuloli he wanw Seriow mistake in interpreting 
haid j s l ~ b  duriiw talc.nNliave Imn due dircctlf Io  confusion accompany- 
lnl b~ tu ~IRCII tor inadquatc throttle keb. Tilc accident 

i,,/ur& wliUe 1Jbtiiig a b25 during tlie war w u  due lo misundentanding a 
h l w l  dg-1 ~IICII wu l n t c i d d  to IWM "ldd the t l i ~ u ~ t l ~ ~ . ?  

6, )su*r b df h hi~JhI m g A  (I per ccnl of crmn). Thu dillicully i s  
dw 10 the k r  ilul in mlling In a large change in trim, it it ncccuary in 
many .Imnn lo twin the trim wlicel par1 d a revolution, then remove the 
, hand aid "hitch" k (0 new Indtkn k f u r e  turnin8 the ul icc l  .Rain, In a 
n ~ ~ n J ~ d J t c u t L W ,  t ~ t c l i  n i  sheo an cnainc cuts out, a pihi  mny w u i t  lo 
al,,y~ I)* triiii i in i t id  qiiivklg ninl le cliniip t i i m  rnpirlly. ' h i  d i y  

tllc (muma I I ~  KI~UUS in Cam wlcrc  a pilot c.iiiiot coinpcni. * I .  

d a 
h wIIWC the y' ~l~nuulliig <;enera1 d IIK Second Air Force was faidly 

. ., . ,  
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acliirl flinlit ta t s  i t 8  order to discover and correct m y  tendencia toward 
unintciitiunal actlvatinn daintmh. 

A C C ~ I N ~ I C  the p r e l l l  prqrrm lo "clean up" lhe cockpit 
tliniiinh ciiclt nicaiu N OK UT d eon+mln. fluh mountinn. and s m m t l ~  
dies. l?twkm all nntiirrtitw tithm awl rnhln. I'rnvido sellicinit leltnin- 
tion d cuntmk LO that any mnlrd UII k operated isdeycndcialy willtaut 
pmbaWli:y dltittlng an adjacent twitch ar kver, even il the puDt h wearing 

F. RsAwttno Cotrrnou 
I. Fdi& Ir rcuh r rhd  w h  NIW (3 per cent orerron). T h e  erron in 

tltb sategory are l d i c v n l  tn a h  ltom two Y)UICO: lnal,ility to reach hr 
etlnu~h tu firasp a cuiitrul, o i d  nctar l ty  lor teaching so far down that vision 
outside d t h e  cnckpit ur visiuii dthc instrumenu Is momentarily rcstrictcd. 

2. Aiithrupnlugical data cnllected by the ACIO Medical Laboratory 
indicate that f i t  is daircd to ddgn aicrran M that Army A i r  Force pit011 
-11 grarp a ~ t ~ i t ~ i i l  withnut nlnving their eyes from the tiormal p i t i o n .  i t  ir 
tmrnary that c i~n t rds  IC lucatd no Qrtlter lhan 211 i ncha  Lam the point or 
rtltntiraid~itc ann tisiiig it. 'Ilitt rcrrrence pint it approximately 7 inchcs 
to tlir sidr dthr mid.liiK d t l i e  M y .  'Ibc dicuntc can k cxtcndcd Tor a 
Rw i i i c l m  directly ahead d t l i e  pilot If lie i s  h e  IO lean forwatd. 

¶. Su#aId h i # a  h g t c  l h t  #Id cliniulr n r w  luf la dmlb in rrubiiil 
UalidI: 

.Tu~t8tin /!t l r rnte all IIII~IIII~ aid switch pnncls thnt nt i i s t  be used 
duriii8 l ahu l l ;  laiuliiig, a i d  utlier crltlcal n t a i m v e n  within 28 inciics ti1 
tlic point d a r m  mtatbn at tho shoulder. Thu L particulaily important Tor 
canud h t c d  MU (I* lbor d d ~ ~  corkplt. 

$wg$tI#iM 18. 

ghva. 

V. Sununary 

I. 'Ihe results ol  the practit analytb. baud 011 460 detailcd accounts or 
pikit " v u n  in wing cuckpit cuntroln. indicate concluivcly that thc incidcncc 
nf human error can k reduced subtantially by da i~ i t i t~g contrub and 
cockplu in mlatht to liuman requiremenu. 

2. An a c " i a 1  pilot may clalm, u one did in the present study. that he 
I t u  - d e  8 rp&akc In cockpit paedurc. Howcucr. the k u  sliow 
tlut practically all bU, mgardla dthelr training and cmpcricnce or ihcir 
*ve l  d&lll. 

r 
make e m n  In u l n i  wckpit controls. 

¶. ' I l v  yracnl uudy Jm 1101 couo all humm prolilcrm in llic duign or 
mntrdr h e  pd~lemr are not r e q n i a c d  by pilola and hence 8 r C  it01 
Jcurilrd. Othn dm~ulikr may bc encountered M often Ih8l they &re 
aeccpml u 8 iwmal p N  d l l y in#  and therefore are not rcportcd. For such 
rraw~u, i t  b rtlt tliat tlu pmnt 1111 d e r r o n  Iiu same important g a p .  

4. hlaiii d the iiiRRcntiuiu which are iitciiidd in thc pincnt r c v - t  h a v e  
8IrCadU Imii antctnllr iccigtiiscd n~id acccptcd. I l i e  cqi i iccr io  q n  
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has aince been modifled *\On8 the l inca indicated. On the oihcr Iiaiid. IOIIIC 

or die remedial daign ~ h a i i p ~  su1il'urtc-d by 11tidiii81 d the y r e o t  study 
C ~ I I  bc st+tcd only in *cry geiieral terma at tlie prcnt titnc atd dditionrl 
research wi l l  be nccaury ldiore tpci f ic  humnn mlttirementr cait b 
Brmulrted or cn&aring r u l u t h  fouiid. *~I(LI lnuad rcquircmctiu 
indiulcd by the prcrcnc a d y h  ueaummarhd in the follow in^ paragraplu. 

5. U g i i p .  One dthc noltdnrbua rquitrmenta i n  uniformity in die 
loution and operation d e ~ t m l r  The diflkultia d achieving uniform 
cockpiu are #rut.  but the l e i ~ ~ R t a  In ~CIM ofhummn lire and equipmcui wil l  

' h tremendow. It h u  lac* pdntod out thmc uniram principln of asrange- 
mcnt and mode oraction, twetlier with a timilwiry In the pattern orcontrol 

' 
location, w i l l  achieve "1 d t h e  lcnefiu daired. I 1  b ubvioiirlr desirable 
IO uw thcbo~aNangcmmtartddaignrdmttmfr 1 ~iercliuc,sltmd~rdita. 

' tion h u l d  not k )O rigM In the bqlnnin8 u IO p rcuw future tcfinemcnu. 
I t  b conurval~vdy a h i d  that over IialfdaU dthe cnora made in wing 
cockpit conImh mutt directly OT lndlrally Tmca Iwk dunitormiiy. 

. ' 

I 

~& I .  A h a  mtrob should le r)cdgitd IO 

praUon OC r t b n  (n dation to the runcibm 
' which they p c r h .  In )OM cum, il h nccauw lo  pmvidc Lath for rapid 
' adjwttncnt and br dower and mora prcck r t t l i i ~ .  
' 7. .%@i+& (I rcpnt id  walim~. Con8" sliould Iw mrranpd IO 
that the a k p  d a compla procedure I I C  minimlrnl, and IO that each 
ope~~tion rollom l a g i d l y  ancr ilia prardini one. Wluwver pmiblc, 
only one contrd m o v e "  lhwld D U I ~  kr any otic optratinn ructt u 

8. M w J  d i r n i h  qf -mi f i r  cdrdc. 'IYIc diicction or control 
movement required kw cKating a d a i r a l  reapanre should be the "tlatural" 
or "capeted" one, IO that In an cmcpcncy the COTICC~ movement can bc 
made npidly without unnreaury dclllmtion. 

9. k i # i e h ~  kr l im mlrda. Adquate bcmtiun d conirols rcguira 
coruidcntloti qf maximum dbtattcc from the opcrator, adcguate separatlon , between cantrdr, and l u m h  prmlttlng mat ~CCUNIC grupin8 and 
nunipulatin 

IO. Awmfk r ~ u a i k .  Tm onen in  the p u t ,  whcncvcr the technical 
aoluih oC utomaik 01 tinglemovement actuation hac h e n  diWiult, the 
tendency hu  been to "let the p i h  do it." In an Idcnl deaiun, the pilot 
shoiild drelde USIt he wanu aid urk* he wanta it, and rliwld UIC h e  stmplat 

~ arid most direct control movrmrnt pomible IO achieve lhc d d r d  reguli. 
, ?'he pilot's rapoluibiliika u e  (00 great lo  burden Iiim with unnccuury 
' mcchanlul operatiom. 

I lowering wheel, or riling hp. 

PART II 

Sclcctcd Acntiintc of Filut Errora in Operating Aircraft Coiilrolr 
(lhur crycrirncu arc ~uniU"y"J by type atid ate Riven iii the cnaci word, u l  

the pilot.) 

1. Opcratlng the Wroog Control 
Urbi thr IV raq  7 h t h  Qulbrnt Clnlrd. "'l'hu wan a care or mislshitig 

prqs pikh c o i l t d  61 I~wntt~c controh in c 4 7  while the pilol WPI l lyi i ig 
a W A  npplt).cIi under the Id .  We were on the final approach at about 
CdIb frrt r v l i ~ ~ t  we i i i i t i i n l  mi nnurnnl uiiiiid in tlie CiiRiiics. What I\ad 

iris# tlirm rnr tliruttlcs. 'Ily were neat IO tile pilot while the ilironlrs 
were i i t  the CCIIICI. 'I'liir wu a bad irutnllatian nlao hci\uac i i i c  gauge fur 
the pmp VJU on the 11filil d the mnnifold prururc gauee while lhe prup 
contrnb were on IIK len d tlu throttk contmls." 

AI cotnplc- 

tlm d the day's Ilyiii8 and aner all studeiitl had k e n  dispatched IO I m n c  
luc, I slnrtd up nay 8lrplane, W-13, lnricd out lo the take-oll strip, 
tan thmugli pe.takc.r-oll c l d  and proceeded to advance the ihrottle. I 
held the plane h n  tn pick up u c e u  airspeed and u i t  Icn  the ground, 
prnt& to pull b c k  IIK pop control to low rpm. Immcdirtely. rhc 
engine cut out aid  I miihl KC notliing but fence poats at ilie end of c lm licld 
ntarin# me In thr fnce. Luckily, I immediately pwhcd the prup control 
hnrard lo 1ii#h rp"8 and the enmine u u e h l  just in I imc Io tccp h i n  
plowing Into ilic ground. Vw guclled it. It wun3 the prop control .I 
.!I. 11 w u  the mixture contrd." 

occurred in a c I 7  d r u n k  The pilot, ancr thc usual  pro. 
cnli~rc d lowerin( the ((car nnd other laitding ch&. lurncd on t he  Anal 
.pprwdl k g  a i d  rduccd power. Shortly ancrwarb. hc  found it necwary 
In ilwrrasc I I I ~ V N  tn nviiicl tiiiden1K"infi. In rcachiiiR lor 1' 'voltlc, 
,lie yibt #rnqnl  tlir (iicqdkr ntnlltd. htlvntititig tlir p i 1 1 1  d. tlir x 
eiigiimcounded at  ilpowtr were bein8 oplihd. Thii Uccuirw , i o u ~ l i  4 

h l l ~ l ~ ~ l l r l l  $VIIS Illnl t l a  Iliklt hlld lII)L).ll llllltl Id'  lllr lllllp FIUl111,l. nil11 W;b. 

"I w u  actin(( u cnnrrnl ~IW basic studenla shootin8 a stage. 

-*mi. 
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OCCUII~. The pilot was faniiliar wlth cnn l rd  (MIUI d a ICZJ; hence, he 
automatically grupd the e t  dwntruh nearat ur, 11, dlur wurds, OIUK UII 
tilc ten tide." %. 

lmd 
was taklng ON from a 3,593.- ttrlp with t r m  at Imtb ends. We cri*ced 
the end ofthe runway at l allltdc dtw leet a i d  were p u l l i ~ g  UP over ti it  
trees shortly ahead when I gave the 'wlucb up' dpial, 1l1e airplane 
mushed and continual lo kcah the wee lop at r caulant IZS-mpb speed 
with T.O. power. nu opuol hd PJkd up 81s hp Instead of tlic 
whcclr" 

Cq/iiin# Rlt, a d  H'W "A D-ZX1 with fidl L * m I  a~id 

L 

"Normal take.olT w u  mdc In r h-vlly &kd F-IS. Aner leaving tile 
gmund, I gave the MI to t k  coplbt h w u  up. The alremfi k n a u  MI 

r r a  rrhwlr4 inifre4 r/  r l r  par .  
Elevator wntd wu wl lk lcn t  to prevent con(.cthig tho ground agaiii and 

, #lying I@ w u  mln(.lncd. Tkc mpih. In r uramhte IO get the near up, 
' w u  unable to opcnte the two uPty Intclu, mi tlw Rrar swlich a id  I was 

Lmcd IO opuato this awltcl~ IU nhc the gear, Bvvnythlty wmlhl I~ave  llcr~~ 
all right I d  nc4 tlic numlu-one cn&e qult at thb . Full raiddrr rnd 

would not pumll m y  r e a r d i q  dpom on tlm op le ddc. As t l ~ c  Rcnr 
retracted, the rinpd h i l t  up sullkkntly to am 1Rd me in maiiitaln dlrec- 
t io lu l  control and (Lully p i n  few k t  ddtitudc. ll~ conrWnatinn of 
di(lkultia rlmat awed I umh. I Wicvs hi 11s mor d rrLitlg IIIC 
Ilap instud of I& gear w u  uurd by lnupuknce d the cullikr a i d  h e  
lnutlon o( two tw i ccha  N~unuwu I ~ a n c a  d tlib mor were rcportd 
by ntcmkn d my u.dmn while 0- although no accidents WCIC 

a hnown IO be uvvd 3 y it. Ilowcvcrl It could saull In wry dangerow 
t i luatbnr a p a ~ l l y  whur coralrincd wlth "e Ocher failure." 

"In a &It-type rhnn, I know d Rve lnstanca whnc  the ~0pi10t 
rctracled tlic wh;ccl, inatud d t l K  hp. In one instaiuc, the ollcndcr w u  

,8n ins l rucw pibt with Over lhwud hau, in E17 uw). who ltad atso 
served (our ovcncu." 

0)arring a o l b d / u  t& H'rq Eniiu. " 0 1 1  take.oC in a 62-47 w l t l ~  
' a p p ~ ~ d i ~ t d y  finy ~CWN on board, ikc rlgbt ccyinc qdt, I l 1c  pilot and 
copilot both ruched br the *II t u t h a l n g  swlcch aiid finally got the I& 

* engine feathucd. No one w u  c l w  enough, OT did In time, to prevent 
this mbulc. 11 w u  wry h w t e  I h l  seven1 open OIlCb were sualght 
ahead-no ooe w u  klllul but wurl penom w m  INuM." 

"On a routl~re umbt mission, rrctntly c l u c k e d ~ t  mpilnt flying u 
t in t  pild Lad k e n  &en a poddon u w h y  man. W i i g  over the target. 

I an engine wu damyed  by flak and huted up and l o t  coiuhlerable oil. 
Il~ncCOrc, he had hb copilot featlter the engine. He remain4 in furmation 

.over tlic targel and all the way home. On arriving at IIU Iield, lie re- 
qluaied L e  copibt l o  unRnther tldi damagml eiiRine. '1 be rqiilni wni  P 

t scllle luck loward % I 

a i l e m  would not nulntdn dlrcrtbn* emu ud I P Y a l n l m l  a ~ ~ d  alt i i ide 

gwnd u t& 

;lot on his ini t ial  combat mluion, a i d  had ILL k i te l i t  ul traiiii 
and considerable caperlcncc In cmcr#eney prucedurri. I l c  IUIL 

.4  , .  

W W T - F ~ R O R -  l !XFEHIWC~ IN OPERATINO AlRCRAm CONTROLS 

ui~cdurn r iv l  iniictcd nii the engine k l n g  u n l a t h e d .  'L'lic argtuncnl 
oliliiiunl a i d  finally the h i t  pilot became angry and ruched for t he  
!rtliniiil( Inittr~~. I l e  hit tln? wmng ow, fcnllieriiiR the secoivl engine. 
LI this time, InuL pllutr IIIII dulr Iunds III the cuckpit t ry i iy  to get t l i r i r  
nginn unleatlicb. All this time, they were still in formation. As a result 
fcmicentratin m8 (In? uufeatbcrin# procedure, they skidded Into the f l iql i l  

Jane phimnwted IO the earth I,UUO fwt below tilling the eleven occupntr." 
"I w u  flylng with a buddy In a EZG, demonstrating the fact that IC could 

l y  as well on one cngliic u aiiy other airplane. He kathercd one cn#inc all 
iglit. l l u n  lie started In sliul the ignition switch ollon that engine and 
pi huld d t l ~  w n u q  switch nnd thut oWtlu good engine. nncr h e  redizcd 
111e CIIRIIIC w u  utr, he turned I t  Imek on again and it canla hack IO Iifc. 'L'limc 
8 a w r b  "NW w l u s  yiu~ have only two engina." 

IJYrCp I h f f i n #  I r n d i q  I j lk l .  "Afier n ni(lh1 inhc.n(T in a 'follow- 
il~nm~h' IandiitR iii an AT-6. I turned ollnty baflery a14 ecncralor switcl iu 
lnctcnil #+my Inluliug I i~hts.  I then Iucamc rnttled. thinking I w u  haying 
rngilie b ib rc ,  1) well N electrical rnllure. and belly-landed." 

(sllrr,tm~ Uthr Lbulrd~. "A uptal i ,  with I O  montha' combat crpcrieiicc 
la F.1Cs wu iwt nn a rocket-firing miuion in a P-51-U. In a diwr on l h e  
larget, I t i s  aimpeed WIU iii the vicinlcy nf 400 mpb. h Itc I tar icd h i q  pull up 
hont tlrr IarRet, i t  i s  M i e v d  tltat IN reacl~cd for the rudder tr im tab and by 
mitl,& lrdd d the ciilcron trim. Hit len wing wns cecii IO t i i t  the 
~ r l l l l l d ,  LilliuR him liatrntly. Evidevce tliowcd the aileron t r im IO Iir iu 
tllr: full Icn-wilgdown pdt i im,  and It is lwlieved that ihe rudder tr im and 
a1le11~11 t r lm r w e  plaml tm clorc togctl~rr lor immediate and p i t i v c  

d e r ,  ruttlng f <u fusclnRe iilr JIINI In lmnt ul the vertlcal stabllker and I l i a  
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11. Fallin# to Ad]uat a Control Properly 

Turnit## Car Srlular Swikk t# Ihe I~ran# Tank. " Wc ttud K m h e  linin ilie 
tnain t a n b  of the A-20 until we lumd on tlie IwitnliitiR rittt. At thnt h i e ,  
we alwayr tttrtted our g d i t t e  wlccton to the l k i i n l ~ l i n y  tnttk kcause we 
were sure that there w u  tullkknl ( d i n e  in tlie tniik to see na ~ l i ~ u ~ g l t  the 
bombing run and well on our way home. On my flrtt cntnhat miuion. I 
t h ~ ~ g l i t  that I had turned my (UoHnc selector tu the lumlrlmy tank. imt 
juat kbre bomb away my cnglna iuddenly ttoppd. . I ivns a hit encited, 
and find y notiad tlint IIK gUd i tK  r l r t o n  were tttnicil tn  niiRiliary. I'd 
tucd up 11 the gud l i t~  In my auxiliary tank. While I was d imvcr i i ig  what 

drop my bomb 114 PIIIC tima  OH^ did." 
"Thb w u  1118 (in1 mmlut mMon dthb p r t k t i l a r  P-47 pilnt. He had 

flown well and bm, okay all the war tltrouglt the mh*m Ilinvcver, nhnut 
IS mila r m  our tnmc IIUC in ~urnu, IK relmrtal n IIiietttntiw in 11" 

carburctnr prature p t t p .  He grew very crclkd and trleil cveryth ln~ lie 
could think d--ch.nged the pmli t e  mnttual: piit nii itt ire IIII fnll rich; alien 
Irand mixturC out. He did wcrytIt ln# but the itnpirtnnt ~ I t i n ~ - l i e  
didn't twilclt MU tanks titilll lnld tu do mu by tlte l l i ~ l t t  kadcr. Allcr switch- 
in8 tanks, he s t i l l  reported I l~~um tmulik. ancl ahnnt H tniln niit h is  
cnaine quit. He was advhcd lo jump by the 11i~ht Ieatlcr; Iiiiwcver. IUJI 
wbhln# to.UOnlC W i t h  llK jllll~k, h C  &CklCd l i t  I d l y  hl tilt n MINI lmr i a  a 
river k l o w .  The river bib were ahout I5  fmt I t i ~ l i .  I l c  tniijinlged IIK 
bnk  a n d t l a k d  nul 10 lltnl ltb phne 1111 the httk with the In& r w u n ) r ~ i t t l y  
d n g  up awl goin# ttni&t &twit itttu tlic river. 'Ihd pihit d r i i ~ t i ~ l .  

"When we pulled the dam& plane hm the river. we f i i ~ ~ t w l  IIK c n w  
uf the mccidcnl. TIK awilcli lcvn nn the emlily tatik hid lrcn tamed 
tnward the racrve mnk, but not far eno i t~ l t  tu induce adc tiate nu supply, 

pilot crmrhn tI# luah d t l ~  above. However, It KCM to me under the 
eircunutanca the pi101 w u  not totally tn blnmc. Ne waa uprt and ea. 
cited bccaule i t  w u  lib flnt minion. He tlii~cglit IK turned tlie selector 
awitch all tlte way. Ilte man who wrote 'piltil nmr' on the rcport was an 
ilupcctor and safely nun frnm Hudquar t cn  who bund i t  enay to laugh dl 
thc'foolbIt thing this pilot did'as lW pcr cent pibt e m .  but never ilwnht 
ahout the fact that romctlling could be done abut  selector awiteha. If It 
Itun't already been done, the  lector switch d101i0 Lr dniyned IO tlut 
tltcrc can be no posihlc way to twitch i t  p r t  d t h e  way." 

"I tmk OW In a IJ-25 with a ituilcnt pikc 
on a fotmt ruthorired bw-kwl ermcounl ry  miulnn. Since I intended IO 
maintain 50 ket the entire mlnbn. right ancr cwkcrN, I rctractcd the Rear 
and flap normally. However. k i ng  at a low altituile, I did not virually 
move the flap handle to the neutral p i l i o n ,  rather placiiil( i t  in neutral b i  
reel. In doing 10, I inadvertently placed llte Itarullc aliNlltly I K ~  
neutral p i t inn tnward f l a p  dowtt, at tlic u n i c  Iittic mabiiiR a medi .I 
In leave the lrallic a r m  kinR In a bnnk, I did nnl notice lhc fl81k .oinR 

I 

! 

w u  w 1 g, the mi of the b r n u t h  got a h u d  d me ard I wu utiable IO 

: ' 
' 

' 

I 

, 

Le.. i t  w u  ItaIRray between the two. 'fliia accident wat ea 1 led IW per cent 

! 

; 
: 
' 

Stkfing h Wrmg Fla) Sdlimg. 

, 

At  n reatilt of improper ntovement of tlte handle in t h i a  manner, I routtd 
mylrlfrt thia hiu abilli l le in a Tairly slrep bank with 120-ntpl1 ainpecd." 

We i!nnccl 11nwn the rtiitway and we didn't hnve aiiy Ilapi, 10 tlte copilui 
tried tu piit tlieiit duwit. You ieed 15. h r  cske-atl. We lid a ncw copilui. 
I l e  didii't kiiiisv I l i a  wny nnnintl inside n 11-25 niicl au piti t l ie in  duwii nll t l ~  
wny. We c ~ t ~ t h h ~ ' t  get nny n i i i p d  tlicn 10 l ie Iried tn  IIUII them Iinll\rny 
up nnd they juat kept ninti i ig up. Pretty y)On we were at the end of  the 
runway wil lt no IIap. 

IYrm# Srqunnr in Iiauinx or &wring W h b  "I put the landing grnr 
handle or a i'-WU l o  neutral iNlead of l o  dawn p a i t i o n  while III ilbc 
trallic pattern for a night landing. The landing wanting liglit h i l c d  IO 

function prnprrly-cntiuquently, a wheclr-up landing WJJ madc." 
%"en returning frnm a day practice formation flight in a II-24, with 

nrtitilwr-aute a i & c  kalhcrcd. due to the prop governor being inoperative, 
the followiiig errnr in opcrntion of controls occurred. T h e  pilot planned io 
mqbe a clinc pnltcrit niul to drop Itu gear on  tlte Rnal npproach. Turni i ig 
from a rItort Imse IC#, with plenty of altitude, the pilot plnccd the gear liat~dlc 
In t l ie down Imuitinii. Alter tlie main gear had cxlcndcd, and before i h c  
piliit had receival the 'acardown-aitd.loeked' signal I" the engineer. i l i e  
ilut Iilacml the Ilap Itnii~llc hi OK down paition. ?'he I lep aclccinr valve 

eY1, n-1 all t l ie I iyi lni i l ic llttid fiom t l ie main g u r  ulcctor valve and a i  a 
snult the im gcnr fniled tu h l l y  uccnd and lock. hi the landing rull 
aluived t l m v i t  a i d  the itme Rcnr touched tlie runway. t l ie IIMC gear collapicd 
a i d  r a t 1 4  cotuklcnble damage to the nOde rectian or the plane." 

AUiq Pswn T~Srd&dj .  "llle trim tab had been act for landing. 11,e 
mtlrt riurmltid ntwl hiiil tn ((0 nmitoil rgairi. l l e  kit tctll throttle nitd tftc 
W W t  MIC wcnt ri& up. lkrurc he cuuld get the t i w  duwn agniii, IIC 
had stalled nwl esadieil." 

On lakc-olf, tltc copilot or a 
G I 7  failed to tiRhtcn Ilimlllc tendon sullleicntly, IO 111.1 t l~roi i le  contrul 
slipped back the hutanl the flnl pilot rclcucd it. Recovery waa niadc i u  
tulkknl t h e  lo prcveitl urlous 1mt.olpowcr. Thia h u  happened i evcra l  
tlma and might uai ly  prove fatal." 

India, I 
wat to I a k  aiwthcr airplane I wun ' l  familiar with, 10 I went dawn in 111c 

of IIK night flight and checked everythine In the aircraft. I 
mlked that the elcvatnr trim had bccn ut 2. an. nore Itigli. and I .uu~t~rtI 
that die pilnt w l n  hac1 h w n  tlie alrcrafi lut had i e t  i t  that way in Irndi,,g. 
On take-oRtliat itiglil, I Rained flying aped around I10 and tricd to gci t l ~  
nOIc olltlic runway but die wouldn't Rive. Dy iha i  
film, I w u  at 130 aln@ and running out of runway. Finally I had IO 

c.ke mi kn hand o l l  tlie throltle, put it up on the wheel. and jerk her up by 
force. Anerthemiuion. wcchcckcdandloundout that the trim labcontrol 
w~ l~ l  had dipped a h s t  4'. The trim tab Is dowii to the Iert 01 ilic pilot 
a& baho~tt an 0-inch tliak. ' 3wi i  i lscic 
at111 tuni it. I'd m y  il tnkn  a111iut a ievulutian lo put in a iiriiiiii.'' 

'1 

We werejwt hoiatcd olf the #round." 

Failins lo I rk  u Unld ThrrlUta Prsplrb. 

Failia# I# M I  ii Tdin Ful E"& "On a 0-19 minion out 

I gave licr marc trim. 

I t  tako a good deal o l  lime to IC 

" l ' l i e  iwi icl i  lor iii, /Win#  10 rLljuit Uthrr l i n t r o l r  l '~oprr!v.  a atid aiiiii. -0 
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foot. In ulmc b l 7 ' s  this switch b spring loaded In the automatic p i t ion .  
In othcn, It ir a 9-pai t ion witch-manual, olc, and automatic. I w u  
familiar with the former type and got into the u n h r t d n g  pi t ion of h a v i q  
no hydraulic prcourc whm I needed it." 

UI. F w g e t ~  to Openla 0 . m t n l  
Tdin: O j  Wilh Flight &Id la&& "We were headed ovcncu  in a 

B-24, laking olc at night. 'I" mn aha plana lakiiig olc a l i u d  or (D 

and it w u  a t l r ly  windy nlght aa 1 kcLcd my mntde. l l i c  runway w u  
rather &ut. We turned on Jla runway wkh ILU power and started down 
with the wind taklng tu 00cO the kll. I W (0 we my ruddcn and bund 
they were locked. For m o d ,  I thou& It w u  IIK wind. I trled diem 
again, then trkd the aileron, and h n d  It yu locked. So I had the copilol 
unlock them. By tltat llmc mn gobq about @llr or lirty mlla an houf 

' ' 7 h m I y  e r m  I CDD mall at Um ~ p l n e ~ t  bonc Umc when two avlatlon 
cadeta wem kll ld in a n  AT-17. nCq COOL dlwlth tha d d c n  locked. I 
tuppma a more uperienccd man could hrc pttca drand come In with jw 
the ailnom, but In tlib cue they dldda d t l m  gwnd lilolc than ten ka 
and then went back in." 

Fu#tuin# O m "  u Mafistlo Smikk. " M e r  wtamble takeolc in a P-40 
Tor a night drknatvc miubn and nwmd dhnb to aItitde. an hitcrccplim 
w u  attempted on enemy bombcn. 80" thirty minuto later, wmplcte 
failure d t k  elactric avtcm occud .  M e r  ~tt~mpllry to d v e  the 
d i l k u l t y  to no avail, the pllot chdcd t k  uu until the alert w u  over and 
.nu m m  dillkulty, managed (0 pump the gar down and clrcct a hdiiig. 
Later invabimatbn kund the lmubk lo be in the IelKrator swildi. The 

, 

I 

, 
but wo Rnelly lo( osduy." 

* 

' &I had m&d It In hh cakpt t  &e& pkr to Irk&" 
For#rlliq b M.* Rl)n E n g i u b b r C A W W . .  "Studelit wan on a dual 

transitton ni8hi In an A T 4  ktting down Ran about 7,OW ret wlicre we lud 
ken  practlcin[ acmhtkr. The mlatureemtrd WY pulled back for a very 
lun miacurc at ?.OOO. Student &la mlawre durliy kt down. m at 3,000 
k t  Cn8iM b q a n  cuttin[ out. He went dimuah dl d tlie cmcr[eiy tu 

pump. c u t t l i ~ ~  throtile, all to no 
at 1.W kct wlwn I p d d  

and rututed cn[lu. A I  Ik Ciac, lie had complddy 

h d r n #  thu. "While at aii EnglLh 
8unnery school. flying Spltflra, w aIwa)r d e  veri dmrt p a t t c ~ ~  Eomln[ 
in ku a landing. k a rault. we kumr  a little adcu QI chccbln[ ow 
[can. One day I failed to check my (Ur selector, came in, and Iandcd. 
I t  waa a Rirly decent landin8 but when I touchcd.,l rolled about I O  feet and 
IIIC 8err jurl folded up, and all d a I u d d C l  the p r o p  began flying e v q  
which way. I skidded about 50 fat on t k  runway and thcrc I sat." 

-1 

' 
1 

7ding OJ witA Wrm: Trim .FIUu#f. "I wu rctuming fiom my tin. 
4111 in the P.4l. t I had rtcdved landing Insirucibna and had m 
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trim tab w u  turned a considerable portion l o  the lrn u I broke my glide 
prepnratcq to landing. While up ta in .  I had given quite a bit of thought IO 

Ihh pr l lcular landing, my speed down the approach, when I would start lo 
break my glide-evcIylhing. As i t  happened, I mrde perfect three-point 
landing In the A n t  hundred reel of the runway. Frankly, it s u r p r k d  me Tor 
I had not capccted half u good Ibr my In1 try. I suppore i t  hdfway con- 
vinced me that all my rean up t~ ln  were ungrounded where landing was 
conctrntd, lo, tlie Iaiidlng over, I Torgot everything u c c p t  the fact that I 
had made a perfect Iandiiig on my A n t  n i g h  flight. 

" A n n  luvina smoked a clgamtt~ and shot the bull with the rellowi. I 
c n t n d  IIK Alp a81117 rur my second flight of the night. Iliic timc. I 
cvaaii't worried, oldy bored bccaw I Lad to hang amund the l ine M Iatc at 
nlelit. I taaied out to the take-olc runway without a a r e  in the world, 
s t i l l  con~ra tu la l ln~  myselfon the pcrfecl Iandlng. Alter chcckirig my cnginc 
Instrumnu, I rcccived the gra-dead signal and a w e  Iter the Run. At a h u l  
P mph, the dilp tried lo l u v e  the ground but vttlcd back down again 10 I 
gave It more mercury. A l l  the time I nollml die stick prclring harder and 
Larder bcL In my stuinacli and the plane had a tendency to veer viciouily 
to the Icn. In a wid, the tlilp wasolc the runway and lmunclng acrou tlie 
81..Pto'tliclen. l lsn-toolate-I  reallied that I had lorgotten toset the trim 
t a b  Ibr IakeolC. They were st i l l  in the ume p i t h  I had turned thein lor 
the lwcvlmu Inndina. Uy I b i s  time, I had forgotten about the ruddcr ( I  
cuildii'~ p o i l i l y  huht it) niiil wns ciuiceiitratinR nl l  m y  clliirt un I ic i lc l i i iR ihc 
stick down and kecping wings level. I t  took practically all m y  alrciigth IO 

do tbu IH order to keep the plane from going strriaht up. I could only 
reach over and turn the elevator tab a little 81 a time until i t  w u  back IO 
norinal. Illen, aner alao adjusting the rudder tab, I took stock or niy 
t l t ~ t b n  and bund that I had taken ollJO* lo the Ion of the dircction or the 
runiva and had narrowly mined a Jccp u I bounced a c r m  another mniray. 
Once 1 go! 11- t a b  okay, I bad no more trouble and there were no acrioui 
rcallllI:' 

"The rotlowing caperience can be d i r cc l l y  
attributed b careteuneo on OIC part d the pilot; howcvcr, i t  ha, bccn  
c a p u i m a l l i y  moat piloo and mme Instrument a u l d  probably be deviscd 
to remedy the sltuatbn. 'I'hc pllot took a P-470 ol l  with the picot cover on. 
tliereby menbat ing an crtrcmdy 'hot' tandin8 due lo the frcr that no 
Indbtba d d e  alnpcrd wu auailable. Thu awed a pokntirl Imrard 
80 Imtli UK ah%" a i d  tho pllot. &me mn d wrrning lieht could be 

ontlm lnatrument panel whlch would light up when the muter awiich 

"Our plane, 1 C-47, had a lord or 33 
pe- with I w ~ a 8 e .  A I  tlic lime, we were flying at 4,000 feet with a ncar- 

QI-I at I.ZlJU feet. Thu happcncd in India and tlicre were 110 

re&r .inrap or radio b c i l i t i a  in the vicinity. Approaimaicly .ti Iiotlr 

minuta )Iter, the Icn prop ran away. I t  w u  immcdiatcly :id. A 
Ictdoivn w u  mrde through the nearly tolid ovcr tu l  lo I' i n i p l i l  

Tatin# O l v i l &  ~ i l d  cut 0.. 

t u r d  m and the yitnt cover i s  s t i l l  on." 
&&nt & U&d# O h  G n l r l r .  

.nd mrlncr tokedT, the Icn oil prururc stmtcd IO dccrcarc, A rcsv 
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m w d  by my mlrturc control lKln8 p w l d  Into 'Idle CIIIOR' accl1lc11ta11y 
by my erm wlien I wu 8Irumlin( with (Iw bomb IC~CUC.** 

VI. Uubla to Reach a O.m(..I whar "lad 

*' I was IaklnR OR ftom aark Fkld an h80n. llillippine tala~ids, in a 
I'-JI. I\r I k l  the 8mund. ILL p*iw nord down and I I ~  pup almut Lit 
tlic ruhway. l h c  I C u o O  w u  t h l  lbo p hrndlc in IIK Y-SJ b so Tar for- 
ward tliat wlie11) the dlol rcachcr b It, Iw Ir flyin8 Mid lran the time he 
reacher Inr tha liandb until lie b In an upl lht  pllbn apln. 1Bi: dcfcct 
110s cabxd uveral accldcnu IIUI I know of. In my opinion, the near handle 
rlmuld a lwap wlwc tluz fld WI rrwb I 8  wwlow & o i q  on h i r u m n u  
I M  'IC~I-~FIIIC-~~U' flylry. 
"Tht h an eapcricncc I had llylng P-51'8 In (Inmany. 0 1 1  tlib prliculrr 

iniulon, we lud 8ollen a little bh otlcounc and (kw dlrccilv w e t  a lnrge 
city I? OIC overcut. They a l a l  up "e h k  n1 UL In lmakin# away, I 
ran OUI d8u on one d my drop UUL. Reachin8 A w n  io clun8e over IO 
an Internal tank, I c t d  my l lud way down in the cockyii and at tlic mme 
tinie I leveled out olmy turn. Uma~ciouaiy, I muu haw Ilcd luck (HI 

die :tick, hcuw the nut Clmc I looked out d t l i c  wckph, I" lid cninc up 
righl p d e  I w u  kvlm fmn, hittlng hlin. JIUI liad my 

wun'l walchiiy w l u l  w u  Jdng." 

I 

I 

PSYCHOLOGICAL ASPECTS 
OF INSTRUMENT DISPLAY. 

IN READING AND INTERPRETING 
AIRCRAFT INSTRUMENTS* 

by rAuL n. r i m  

I:-ANALYSlS OF 270 rrPILOT-ERROR" EXPERIENCES 

tr&nar .( Prychda#r, Unlrrrrlty of Hlchl;m. 
Ann Arbor, Wthllan 

and 1. E. IOWU 

Syslrmc Plonnlna and Racaorth Carporollon 

A. Purpome 

1. la order to determine mclliod: d d a i g n l n n  aircran irutrumcnu Y) u 
to l i n p v e  pikc tlllrJciicy and reduce tlic Irqucncy of accidcnu. accounu 
d 130 enon made by plbu In mJln8 and Interpretin8 iNuumcnu liavc 
ken edkctnl a id ~IuI~xcJ. Haulu of the pndpls arc prucnttd in the 
yrcmt IcpoIl. 

I). Fmctual Dala 

1. Accounu d error# wtr t  &tdncd Ilirough recorded interviews a i d  
wtiltcn myorb. 'Ilw hlbwln8 quatbn w u  uud lo elicit the duitcd 

Ueullc In detail some error which you have made In roding or inter- 
elin8 an ahran Inntrumcnt, detectin a 8ignr1, or undentandin@ 

i h h :  

/&ctbm; OT dauilc a d 1  an wmr nu d e by anohr individual wlioni 
p l  *a8 w r l d * y  a1 tho Umc. 
S. Pibu in the Air Mmtcrkl Command, the Air Training Comrmnd. and 

tho Air Fo~w Imtitute d Technology, and formu pilou in civilian 
u n l v e i l ~  mn~riluted crrw accounu. Only detailed hclual  information 
Iurnbhcd by an cycwilneu or by IIIC pilot who nude the umr w u  acccy~cd. 
AU trpu wuc Given mnymowly. 

*R<pkinl Imn M~"dui i i  Repoll " W A A  694.lfA. Arro Mcdiol b b o r m i r ,  
,it U~trr ir l  Bnuud. Wrhhbhtum, hi8 Cau b, Dwtm. Ohm, Octohr  I 
> 1. 
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' on the right engine lo maintain 115-120 mpli. The riglit cylinder liead 

temperature ran  up to 230 degrees Centigrade aner live miiiutes of operation 
at tht  ulting. The  purcngcn were then told lo jettison tlieir baggaae. 
Aner tht  command w u  cRated, L e  plane held altitude at a lruer power 
setting. We.wcrc able p r o p l y  (0 Orient ounclvo and p a c e d  to a Urilbh 
emergency landing strip coma SO mila dulant. 

"A long, high straight appmuh w u  nude and at an altitude o f  1,200 
! feet, the pilot ordered gear down. The engineer pitt ihi! handle In the down 

p i t i o n .  I watched the prcuure gauga on the right of the copilot a i d  ancr 
a few seconds mw L e  prcaure w u  no( building up at all. , !lr tlib time, the 

. plane w u  at 500600 reel and ihc piloc w u  nearly ready lui claps. I turned 
to the engineer and uked him what &e hell wan the trouble. At that 
instant, he remembered he had ro( changed the hydraulic: rclector valve IO 

the right engine. Tht w u  done immediately and the gear was down and 
; l a k e d  juri a few ucondr b e h e  the plane touched the riinwny. l h e  pilot 

landed tlic plane in the Ani Iwo-thirb d t h e  strip. No damnac resulted to 
; llie plane or IO the pcnonncl ahrd-but i t  w u  WIJ c k  indeed to k ing  
! another sioy." 
~ "A GI09 that Id  OR in h n l  dour C40 in India did not UK Iaiiding 

lighhtl and a lnwi  Acw into the ground out d a  turn immediately after take- 
OK The pilot stnightmed the plane up In lime. however, and made a 
normal climb from the field. Checking on tlib later, il w u  round h i  the 
pilot had takeh OR with g y m  ugcd. I h a w  hurd d tlit l iappni i ig  on 
u v c n l  O c C u b N  dncc:' 

IV. M e v l n ~  m Control I. cLr Rrvcrae D l r r c t l o n  

"Duriiig ' a  deiniiwtraiiuli Iliglit of 
I single cngiiie procedure In a D-25C type alrcran, it w u  -r). to ninh 11- 
I- dmg the ruddu U& I& on ~ l i c  ILmir Imtirccii t l ie pilut 
and copilot sat. To make thiu adjwimcnt, I had IO tnke m y  e y a  nll'of the 
instrument panel and bend down (0 r r i e l i  the trim tab roiitrol. IIw trim 
tib mud win, In lbc &le dlncw br which 11% cqri~flipu t Jgimd. 

1 Ucaw d Ihe d*n d *c trlo ub. oppodlc ldm w u  put in, giving the 
a- 

i M d i n i  h u d  W q  F*, ACjW)NIJ. "h an aviation cadet, I was mak- 
ing an instrument take-oR(under a hmd) in a B-25.Iyp aircran. The lake- 

, ., olc IucU w u  uncvcnthl. . Aner becoming airborne, I rctraetnl the gent, 
wcr reductbru, CIC. A n n  reaching WU Ret and at ICUI I(iu mpli, 

strain that simulated iw l " cn1  night under an eaactiiig instructor IIU 
upon a b w l y  a v u t b n  cadet, I mbtakcaly moved llie lever to the r m ,  iwtead 
of rorward, putting the flap all the way kw. 

" N a t ~ ~ a l l y .  the aireran slowed down and I was quite busy kecp iq  i* 
.der control while the instructor searched Tor the trouble. H e  roup ' 

Mating ./&pard %in Cnr#li.r. 

q u p  n$L Am .* uu nimmly averted." 

, I reac r ed down Tor the flap handle to nk the nap.  UIIC IO tile MIIII~I 

c- 
rtly and everylhin# turned out rll riihl but we hili had a few an . 

,,omcnU because of my error.L' 
* , I .  n * ., 
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iirmal cruise fur a l~ iu t  UIIC liiiur when a clmngc in altitude 01 uur U-24 was 
ccilal. ' l l ic pihit rc i ic l rd  h r  t l ic  i i i ixiuic coiitrul and. pvobably i l t i i ~ k i w  
c was iii a cuiivciitiwiiiil IVIV, ~ i i i s h ~ d  uiic iwixtiirc iii idle cuidl'niid siartrtl 
i liusli die utl iun iii tlic sasiie psitiun. ' lhc coliilut iinmcdiatcly iiuticctl 
iu mid corrected the inistake kfure anyiliing happened. It =ems lu m e  
iat tlie 11-11 a i d  the U-17 nrc the only p lana wliox min tura  worked froni 
:oiit tn renr instead of renr to front." 
Aldiq Ilwrrard Alrwstml oJSonit Olhrr  Coiilrol. "Pilot's cmlant was very 

Int MI l ie wn1 iiistructed to uFn cmlant shutters. Instead uf opening IIICIII, 
IC c h d  tliriri which tiiadc iliiiigs hotter and Iic was futcd to Luii OUI." 

V. Unhnowlngly Actlvating a Control 

'*(!wiiiii# iii on tlic 11iia1 nppruach in a U.17, t l ie  pilot mrkcd lor IaiiditlR 
liglitr. ' l l i e  l l q ~  were niir-I inCduwii a i d  we were about 2.%M fcct short 
or tlic riiiiivay. Wlirii reaching for the IaudinR l igl tu tlic nap rwitcli was 
tccitlciitally hit, hiiochitig tlte llapr up causing the ship l o  mush into l l i c  
Krouiid. Mnjur damnge i v i u  done IO llie plane. I tli i i ik tlib could liavc 
k e n  pr~vci i tcd l i d  the switclia k e n  furtlicr apart." 

"Wliile llyiiig tlirnugli a cold front at night in a C-47, icing colrditiuln 
were cnrountrrcd a i d  it was necessary to apply crrburcitlr h c a i  io  i l ie rigltt 
ciiMiiie. Wliilc I ia i id l i i i~  tlic carhurelur licat cuiitrds, 111c cclliilui unknow- 
ingly inuvcil i l ic riglit-engine 881 sclcctur switc l i  oiit or i t s  prupcr (usitiuii. 
' 1 1 1 ~  g u  ~ l c c ~ o r  switch vibrated around IO t l ie 011 position a i d  approxi- 
mately two miiiuia ancr t l ie corburctur Itcat had been adjusicd. i lm right 
eiiRiiic cut uut. A porrihle traacdy w u  averlcd by tlic quick thinking of 
tlic ciigiiicer i ~ l i ~ ~  Iiirncd lib I~mldight on t l ~ e  gas releclnr gauge iinnicdiaiely. 
I l i c  ciiginc caiigli~ agnin as umn u tlie selector switch was rciuriicd to i t s  
correcl Iwitiuii. 'l'ltc rest of the I l iR l i t  was uncwcniful." 

" M y  1 W  Mliidrllll wns inaking tlic first fighter-cscorl w i s s i u l i  lioiii l w u  
Jiiiia to)npn R( aura  fiir a strike force of U-Z9'#. All well( well until (IC 

rcaclid the rciidaviii is pnliit with tlie.lminbm just south u1 tlic mouth d 
Tiikyo by. At tllu point. tlie t i p a l  w u  given for the l igliierr IU diu11 
cnteriial gu tanks. M y  altitude at thii time w a  2 1 , W  reel. ucfulc 
dropping. I s~vltcl inl  In aii Internal tank in the prwr ibcd  manner. Whcn I 
pulled the manual rclcnre, only one tank droppcd. n I gave ihc rclcaic 
aiiother and harder piill. Almmt immcdiatcly. my engine CUI out willtout 
warning. I ulled t l ie niglit ludcr. told h im of my trouble. and turncd uiii 
toward the aun.  Tur by Iliac time we were about W mila inland, As I 
@ ovrr the l a m k r  stream, mmc trigger-happy gunner gavc iiic a Iicl11 
sritli lib Y) cnliler. I IVPI very puxrled BI to the trouble with my ci+e 
lid J~J nut find the trouble unti l I w u  duwn to 9 . W  k t  and BII by n i y i c l l  


