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SUMMARY 

Aquest,onna,reconcern,ng~,s,onprob- 
lems from arcraft cockp,ts was d,str,buted 
toapprox,mately6.000a,rl,nep,lots as a part 
of a broadstudyrelatlngta cackp,tv,s,b,l,ty 
About1.342 of the quest,cmnarres were com- 
pleted and returned. Th,s quest,onna,re UI- 
eluded specd,c evaluat,on ofv,s,on charac- 
ter,st,cs of present a,rcraftmvar,ous ma- 
neuvers andd,rect,ons ofs,ght, andalso 
coveredgeneralevaluat,nn ofd,fferentv,s,cm 
problems The results of the quest,onna,re 
show that p,lots are concerned aboutcockpIt 
v,s,b,l,ty problems and strongly bel,eve that 
improvement ,s needed LIL mostpresentax- 
craft 

Analys,s ofthequest,onna,re data 
shows that v,s,on cut-off angles for the dlf- 
ferent d,rect,ons of s,ght maybe defined ,n 
terms of w,ndsh,eld outlines wh,ch corre- 
spondtop,lotrat,ngsofadequateor excellent. 
In determ,nat,on of thesev,s,oncut-off 
angles, theatt,tude of the a,rplane UL var,ous 
cr,t,calmaneuversmusthecons,dered Rea- 
sonable accuracy appears to be obtalnedby 
th,s method. although knowledge ofarplane 
att,tudes ,n d,fferent maneuvers ,s notpre- 
c,se and could be unprovedthroughfurther 
l”“est,gatlo” 

Results ofanalys,s of the questmnnare 
data are presented ,n relat,ontothe var,ous 
spec,f,c v,s,on problems, and are combined 
,nto a generalsetof requwements wh,ch ,n- 
elude v,s ,on cut-off angles, post arrange- 
ment, and allowable v,s,on d,stort,on The 
results are not considered to be a fmal solu- 
t,on to the v,s,b,l,typroblem. butoffer a use- 
ful gutde to the amount and qual,ty of v,s,on 
wh,chw,ll be cnns ldered su,table by the p,lots 

INTRODUCTION 

Durmg the past s e Y e r al years. the 
problem of v,s,on from a,rcraft cockp,ts, as 
determmed by wmdow s,ze, type, and loca- 
tmn. has been rece,v,ng ,ncreased attentmn 
Such attentmn has ar,sen as a result of mid- 
a,rcoll,s,ons ,n wh,ch the p,lots mvolved d,d 

notsee the collrdmg a,rcraft unt,l the ,nstant 
of ,mpact. and as a result of the apparent 
large var,at,on ,n v,s,on character,st,cs 01 
modern transport axcraft It ,s evtdent that 
ent,relyddferentstandardsofv,s,onhavebeen 
used ,n the des,gn of ddferent a,rcraft mod- 
els, and v,s,on ,,I some models has been 
sermuslyquestmned by p,lots and regulatory 
author,t,es 

Durmg 1948 the Techn,calDevelopment 
andEvaluat,onGenter of the C,v,l Aeronautics 
Adm,n,strat,on at Ind,anapol,s commenced an 
,nvest,gat,on of th,s problem The pur- 
pose ofth,s ,nvest,gat,on ,s to establrsh. upon 
some reasonable bas,s. def,n,te standards of 
v,s,on wh,ch w,ll ,nsure adequate v,stb,l,ty 
for safe operat,on of a,rcraft In th,s broad 
uwest,gat,on severald,fferent 1,nes of ap- 
proachto the f,nalobJect,ve are be,ng tr,ed 
Thep,lotquest,onna,re study covered by this 
report represents one such 1,ne of approach, 
and ,s constdered as supplying contr,butory 
dataandnotasa flnalsolut,ontotheproblem 

In th,s p,lotquest,onna,re study ,t was 
de s ,red to ut,l,ze average est,mat,on of a 
large group of transport p,lots to evaluate 
detaled v,s,nn character,st,cs of transport 
arcraftnow ,n use, and also to secure aver- 
age p,lotop,n,on on spec,f,c v,s,on problems 
It ,s recogn,zed that ,n any type of questmn- 
na,re study the results may be d,ff,cult to 
mterpret and that uncons c,ous bw.s ,n portmns 
of the group bemg ,nvest,gated may rnfluence 
the data ,n an undetermmed manner It was 
felt, however. that any defmlte conclus,ons 
wh,ch could be o b t a ,n e d from such a study 
would have great value, and that most con- 
clus,ons eventually could be checked by other 
me an* 

Supplementary data on awplane v,s,on 
cut-off angles and a,rplane att,tudes ,,I spe- 
c,f,c maneuvers were prev,ously secured from 
awcraft manufacturers These data. which 
are necessary for mterpretatmn of the pIlot 
opmmns. werefound tO be rnaccurate and m- 
complete Some of the a,rplane data were 
corrected by d,rect measurements upon a,r- 
craft It appears that when more complete 
and accurate data are ava,lable, son,e of the 
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conclusions of this report may be modlfwd 
slightly. and that some of the correlations 
probably can be mxproved 

PROCEDURE 

After orlgmal formulatmn of the ques- 
tmnna~re. numerous dwcusslonswere carr,ed 
out with Interested groups in the government 
and mdustry As a result of these dv+cussmns. 
changes were made m most of the questtons 
A p r e s t u d y procedure was then conducted 
This Involved completmn of the revwed ques- 
txonnaxe by 20 alrlme ptlots plcked at ran- 
dom, with each questton bemg dIscussed, 
through mtervlew. after each questmnnalre 
was completed The questmnnalre was then 
agam revised as a result of this prestudy, 
and rts fmal form as It was dLstr,buted to the 
entlre group of pllots, 1s given m the Appen- 
dlx 

Dlstrlbutmn of the questmnnawe was 
made by marl. utlllzmg the membershIp 1w.t 
and addressmg machmes of the Air Lme PI- 
lots Assoclatmn An addressed return en- 
velope was Included for mallmg the completed 
questmnnalre drrectly to the CAA Techn~al 
Development andEvaluatmnCenter at Inddrana- 
polls A total number of 6,061 questmnnatre 
forms was dlstrtbuted mthls manner Durmg 
theweek of February 9, 1949. questmnnatres 
were sent to the entrre membershIp of the 
ALPA (approxmxately 99 per cent of all ax- 
lme pilots). rather than to a smaller random 
sample, m order to sxnpllfy follow-up pro- 
cedures 

After receipt of 1,270 completed ques- 
tmnnawes. when return of the questmnnaxes 
had slowed to a low rate. a follow-up letter 
was sent to the entIre membershIp of the ALPA 
urgmg return of addItIona completed ques- 
tmnnarres The follow-up 1 e t t e r had llttle 
effect In acceleratmg return of questmnnalres, 
but 109 more completedforms were returned 

The data contained on the questmn- 
natres were transferred to punch cards. and 
tabulatmn, class~f~atmn. and totallzatu,n of 
the data were c a r r I e d out with punch-card 
machmes 

The total r,eturn of 1,342 completed 
questmnnalres r/epresents 22 1 per cent of 
the questmnnaLres dlstrlbuted Addttmnal 
questtonnatreforms were dlstrlbuted through 
the Air Transport Assoctatmn and the AI=- 
craft Industries Assoclatmn to spectal pxlot 
and e n g I* e e r L n g personnel of the axlme 
operators and aircraft manufacturers The 
completed questmnnalres received from 
these sources are not Included in the present 
report 

GENERAL PRESENTATION AND 
LIMITATIONS OF BASIC DATA 

Questmnnawe Data 

The total number of pilots in each ax- 
plane and experrence group who returned a 
completed questmnnalre 1s shown in Table I 

Large differences ex,st in the size of 
the different pilot groups shown m Table I 
The pllot group associated with the Douglas 

TABLE I 

Pdot ReplIes Broken Down by Expercence and Type of Airplane 

AIrplane PIlots Reportmg PIlots Reportmg Total P,lots Reportmg 

VP= 0 - 4. 749 Hours 4,750 - 99,999 Hours 0 - 99,999 Hours 

Douglas DC-3 345 LO3 548 
Douglas DC-4 136 180 316 
Douglas DC-6 49 96 145 
Lockheed Constellation 99 82 181 
Convair 240 31 76 107 
Martrn 202 7 19 26 
Baemg 307 3 2 5 
Other 10 4 14 

TOTAL 680 662 1 342 

I 
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DC-3 aIrplane E the largest m number, and 
a maJorlty of thw group have experience less 
than the approximate median value of 4. 750 
hours obtamed for the entxe pIlot group Only 
26 questronnarres were obtamed from Martm 
202 p1lots This group LS too small to pro- 
vlde deswable accuracy. butthe data obtamed 
from the Martm 202 pIlots were Included m 
analyst of questmns where dlvlsmnwas made 
by alrplane group to provide addltmnal guld- 
ante. and reasonably conststent results were 
obtamed 

No data were secured from Boemg 377 
pilots as thw aIrplane was Just entermg air- 
lme s e r v I c e at the tune the questmnnalre 
data were bemg secured 

It IS s e en from Table I that average 
values of estrmatmn utllleed m analysis of 
some questtons are determmed 1 a r g e 1 y by 
opmmnofDouglas DC-3 pllots because of the 
large Size of this group Average estrmatmn 
values relatmg only to the Douglas DC-6, the 
Conva,r 240, and the Martm 202 awplanes 
are determmed prmctpally by pllots m the 
high-experience group, whereas opmmn of 
Douglas DC-3 pllots 1s influenced most 
strongly by pllots m the low-experience group 
If stgn~f~ant difference m oplnlon should 
exlstbetween varmuS experience or airplane 
pilot groups, then bias would be mtroduced m 
varymg amount m d I f f e r en t questtons and 
would be dlfflcult or unposslble to correct 

In general, no slgntfrcant difference or 
bras was observed m the data secured from 
the dtfferent p&t groups The only apparent 
bms whwh mtght be suspected from analysts 
of the data IS the posstble tendency for pllot 
groups whvzh have a general htgh regard for 
the alrplane they are flymg and which rate Its 
wslbdlty characterlstlcs hl gh. to overrate 
all mdlvtdual v~mn characterlstlcs of that 
alrplane This might be suspected L” con- 
nectmn with the C onvalr 240 p&xt group 
Measurements show that VEVXI cut-off angles 
are good m this awplane. and, m many dlrec- 
tmns, are better than m any of the other air- 
planes constdered It appears, however, 
that the average evaluatmns made by this 
pilot group concernmg the Convair 240 may 
be hrgher than are JUStly warranted A sun- 
liar but reverse bias possrbly extsts ux the 
c as e of an SIrplane whwh conststently re- 
celves low-vrslbtllty ratmg in the questmn- 
nalre. suchas occurs for the Lockheed 
Constellatron 

The data obtamed for the varmus ques- 
tmns are presented m terms of the propor- 
tmnal p e r c e n t a g e of all pIlots, or of each 
group of pllots. answermg UI each manner 
where fIxed c ho 1 c e S were presented m the 
questmn Where a free numer~al estimate 
was made, the mean value and the medtan 
value of estrmatmn both are shown 

In Questmns 7 and 8. the pIlots were 
given a chotce of three fxed classlficatmns 
(Classes 1. 2, and 3) relatmg to adequacy of 
“1s LO” In the presentatmn of the data for 
these questmns. the per cent of ptlots an- 
swermg in each manner 1s shown, but m the 
analyst of the data for curve-plottmg pur- 
pose, the three percentage figures for each 
portlonof the questmn are combmed Into one 
mean ratmg value The mean ratmg value 
falls somewhere I” the mterval from 1 00 to 
3 00, dependmg upon the percentage of pdots 
choosmg each class of 1, 2. and 3 

AIrcraft Data 

F r on t and proflle photographs of the 
dtfferent axplane cockpIts included m t h I s 
study are shown m Fig 1 

The data used I* the report which de- 
scribe or are related to the exlstmg YLSPXI 
characterlstxs of the dtfferent alrplane mod- 
els are shown m Table II These data are 
based prmc~pally upon mformatmn obtamed 
from the aircraft manufacturers, but have’ 
been revrsed m certam caSes where It was 
ap p a r en t that use of the awplane m actual 
practice does not correspond to the manu- 
facturers’ figures Revlsmn 1s partxularly 
required where locatmn of the pilot eye posl- 
tmn 1s crItIca and where the attxtude of the 
airplane m speclfx maneuvers 15 wnportant 

The eye pos ttmn m the cockpIt wtll vary 
with each mdlvldualpllot. dependmg upon hts 
hetght and seat SdJustment It had been as- 
sumed, m preparatmn for this study, that 
such varmtlon would cause a spread m the 
results obtalned from varmus questmns. but 
the average result St111 would be slgnlftcant 
If the average eye posltmn were known ap- 
proxmlately However, It appears that the 
average eye positmn LS not necessarily at the 
average posttmn shown on the manufacturers’ 
diagrams For example, It was found that m 
the Douglas DC-3 airplane. where heLght of 
eye le ve 1 IS particularly xnportant durmg 
landing and taxlmg. the pilots tend to adJust 
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TABLE II 

General Data Relatrng To Airplanes ConsIdered In This Study 

Douglas Douglas Douglas 
DC-3 DC-4 DC-6 

Total 
Steradnns 
Per Cent of Total 
Steradtans m Sphere 
Steradlans Ent\re 
W mdow 90” Rtght Stde 
Degrees Up and For- 
ward Cut-off Angle 
Degrees Dowh and 
Forward Cut-off Angle 
Degrees Left Side 
Azrmuth Angle Cut-off 
Degrees Right Stde 
Azrmuth Angle Cut-off 
Degrees Left Stde Upper 
90’ Edge Cut-off 
Degrees Left Side Lower 
Edge Cut-off 90’ 
Degrees Rqht Stde Upper 
Edge Cut-off 90” 
Degrees Rqht Side Lower 
Edge Cut-off 90” 
Att,tude Durmg Straqht 
Clrnb (Degrees) 
Attitude at 
Touchdown (Degrees) 
Attitude III Tax1 
Cond,t,on (Degrees) 
Type of Landmg 
Gear 
Vertlcat Dwtance of 
Pllot Eye Above Ground 
m Tax, Cond,t,on (Inches) 

2 0414 

16 25 

0 9027 

11 0 

1 478 

11 76 

1 310 

10 4 

0 088 

14 0 

10 0 

90 0 

91 0 

19 0 

33 0 

40 

0 081 

14 0 

Lockheed 
conste1- CCBllW31r 

1atmn 240 

1 632 1 972 

12 4 15 7 
2 Wmdows 

0 143 0.068 

12 0 17 0 

13 0 

135 0 

103 0 

10 0 12 0 

117 0 

23 0 

97 0 

18 0 

33 0 

40 

16 o 

55 

90 0 

91 0 

19 0 

33 0 

40 

10 0 

117 0 

96 0 

14 0 

25 0 32 0 37 0 

30 20 

11 u 11 0 

65 

10 0 14 0 

55 45 50 

50 45 20 40 05 

11 5 15 I 6 25 00 
Tall NOS‘Z NOSe Nose Nose 

Wheel Wheel Wheel Wheel Wheel 

175 0 175 0 175 0 195 0 150 0 

the seat so that then eye level 1s considerably 
lower than the pos ltmn rndlcated by the manu- 
facturer as beq the desirable haght 

Another fat tar which mfluences eye 
posltmn 1s head movement It 1s apparent 
that the pIlot ~111 rotate his head ,n utlllzmg 
v IS L on through the left-hand wmdow This 
head rotatmn, whtch brmgs the eyes closer 
to the left-hand wmdow. ~111 perm,t greater 
angles of VISLOIL. particularly III an upward 
dwectmn, thand the eyes remain at one cen- 
trallocatmnsuch as LS assumed m most “IS- 
Ib~lltymeasurements The increase ,n v~smn 

I 

Martm 
202 

1 328 

10 6 
2 W mdows 

0 117 

20 0 

16 0 

123 0 

102 0 

70 

10 

13 0 

50 

50 

3 0 
N‘Xe 

Wheel 

160 0 

pernntted by thrs movement vartes ,n an ,n- 
verse manner with distance between the stde 
w endow and the head, and LS an unportant 
factor ,n some cockpits where thts dLstance 
IS small Addlttonal moderate movement of 
the head toward the left provides even more 
mcrease m VLSLO~ OV.ZT that shown by normal 
vlslbtltty measurements These factors are 
not shown by manufacturers’ data, but are 
unportant m determmmg V,.SLO~ characterls- 
tics of dtfferent alrcraft for use ,n the ques- 
tmnna1re analysw 

Another airplane characterlstw wh,ch 



,nfluences Y,s,o”. and aboutwh,ch ,nsuff,c,ent 
,nformat,on ,s ava,lable, ,s the att,tude of the 
a,rplane ,n part,cu1ar ma”eU”erS I” actual 
pract,ce. a,rplane attitudes dur,ng such ma- 
neuvers as gl,d,ng turns, cl,mb. and approach, 
vary considerably from the att,tudes spec,- 
fled bythemanufacturer, and ,t appears pos- 
s,ble that var,at,ons fromthe normal co”d,t,on 
may strongly ,nfluence the p,lot evaluatmn of 
vlsmn adequacy 

In attemptmg to c or r e c t the or,g,nal 
values used m Table 11, photographs were 
taken of a, I 1 ,n e a,rplanes ,n d,fferent ma- 
neuvers todetermme a,rcraft att,tudes, meas- 
urements were obtamed ,” cockp,ts of d,s- 
tances fromnormaleye pos,t,ons to the “art- 
ous w,ndow edges, a l,m,ted number of a~rlme 
p,lots were mterv,ewed regard,ng manners 
m wh,ch they o p e r at e a,rpla”es ,” certa,n 
maneuvers. and s o me measurements were 
obtamed of actual seatpos,t,ons and eye levels 
used ,n the Douglas DC-3 a,rplane The 
values g,ven ,n Table 11, therefore. are par- 
tially manufacturers’ data and part,ally data 
secured by d,rect measurement 

It IS +ecogn,eed that the data of Table 
II st,ll are not as accurate as ,s des,rable, 
even after correct,ons have been appl,ed, 
and that various correlatmns shown ,” th,s 
report probably can be nnproved when nwre 
accurate data are secured However. 1t 1s 
bel,eved that the data of Table II are of suf- 
f,c,ent accuracy to perm,t def,n,te correla- 
t,ons and conclus,ons to be establ,shed 

PRESENTATION AND DISCUSSION 
OF DETAlLED DATA 

Questmn 1 - P,lot Exper,ence 

At the t,me the quest,onna,re was pre- 
pared. ,t was bel,eved that obta,n,ng years of 
fl,ght exper,ence from the p,lots m,ght prove 
helpful,” analys,s. but no use has been made 
of the ,nformat,on secured ,” Questmn I(a) 
and these data have not beenpresented Ques- 
t,on I(b) was! used as a control questmn to 
obta,n e xp e r , e n c e rat,ngs of the p,lots I” 
hours of fl,ght t,me Most of the results of 
subsequent questvans have been analyzed to 
determme ,f the amount of exper,ence of the 
p,lot results ,” a d,fference ,” the manner ,n 
wh,ch the questm” ,s answered 

The medmnvalue ofp,lot euper,e”ce for 
the ent,re p,lot group IS approxmxitely 4,750 

6 

hours, therefore, two ma,or exper,ence class- 
,f,cat,ons were made, one from zero to 4,749 
hours, and the other from 4,750 to 99,999 
hours D,fferences ,n op,n,o” found as a re- 
sult of th,s breakdown w,ll be d,scussed w,th 
each questmn where a s,gn,f,cant d,ffere”ce 
was noted 

Questmn 2 - P,lot Class,f,cat,o” 

Th,s questmnwas ,ncluded as a control 
questmn :-or the purpose of further break,“g 
down the p,lot repl,e s to determme ,f the 
type of p,lot classjf,cat,on ,nfluences the man- 
ner m wh,ch the questmns are answerer 
However, ,t was found that 98 per ce”t of the +’ 
p,lots were I” c 1 u d e d ,n the pr,nc,pal ma,” 
class~f,cat,on. wh,ch covered Capta,“, Re- 
serve Captam. and F,rst Off,cer. so that this 
ma,” d,v,s,on was not poss,ble Breakdown 
:,nto smaller groups was not cons,dered prac- 
‘tIca or ,mportant 

,’ 

Ouestmn 3 - M,n,mum Forward Ground 
D,stance V,s,ble Durmg Land,ng and Tax,,ng 

The results obtamed from part (a) of 
th,s questvan, relatmg to m,n,mum forward 
ground d,stance v,s,ble dur,ng land,ng. are 
shown ,n F,g 2 The vert,cal lme on th,s 
chart ,nd,cates the geometr,c mea” value of 
m,n,mum ground distance ,” front of the a,r- 
plane that allp,lots estrnated to be necessary 
to see at the mstant of touchdown dur,ng a 
land,ng The wh,te hor,aontal bars ,nd,cate 
the approxunate nearest d,stance that a p,lot 
actually can see the ground d,rectly ahead of 
the airplane at the ,nstant of touchdown durmg 
landmg ,nthe airplane models specrf,ed. These 
distances generally were calculated by us,“g 
the forward and downward cut-off angles of 
vls,b,l,ty suppl,ed by the aIrplane manufac- 
turer. and by correct,ng for a,rplane att,tude 
at the ,nstant of touchdown Measurements 
were made of a, r p 1 a” e att,tude dur,ng the 
touchdown cond,t,on for most of the a,rcraft 
constdered The soltd hor,zontal bars ,nd,- 
cate the geometr,c mea” distances of ground 
VLSUX wh,ch the p,lots constder necessary 
dur I” g touchdown att,tude ,n the a,rplanes 
1,sted 

A d,str,but,on curve was plotted and ,t 
was found th\at the geometr,c mea” value fell 
very near the peak of the curve The geo- 
metr,c mea” value be,ng 75 3 feet ,s very 
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104 FEET 

DOUGLA G DC-4 I 

I---- 

1st FEET 

(OS FEET 

LOCKHEED CONSTELLPlTlON 155 FEET 

GO FEET 

F,g 2 Ex,st,ng and Des,red M,n,mu,n Forward Ground D,stance V,s,ble at Touchdown as 
RestrIcted by Lower Edge of W,ndsh,eld or Nose 

close to the med,an value of 75 feet and var,es 
a constderable amount from the ar,thmet,c 
mean value of 184 feet If the ar,thmet,c 
meanvalue ,s constdered tobethemost 
s,gn,f,cant, all of the a,rplane models Included 
,n the chart are seen to have better v,s,on 
than that s p e c I f I e d as m,n,murn adequate 
v,s,c.n by the p,lots However. ,f the geo- 
metr,c mean or med,an value ,s accepted, 
less than one-half of the p,lots would be sat- 
,sfxed Acceptance of the geometr,c mean 
and med,an value of 75 feet would result ,n 
the conclus,on that all of the a,rcraft con- 
stdered except the Conva,r 240 and the Mar- 
t,n 202 are unsat,sfactory ,n th,s respect 

A s,m,lar s,tuat,on ,s shown ,n F,g 3. 
where data are plotted ,dent,cally for the tax, 
cond,t,on The geometric mean value of es- 
t,mat,on of 32 4 feet for the m,n,mum forward 
ground d,stance v,s,ble IS shown The me- 
d,anvalue ,s 30 feet and the ar,thmet,c mean 
value ,s 60 feet For th,s cond,t,on. however. 
,t would be concluded that all of the a,rcraft 

are unsat,sfactory ,f the med,an or geometr,c 
mean value ,s used, and all arrcraft except 
the Conva,r 240 and Mart,” 202 are unsatrs- 
factory ,f the ar,thmet,c mean value IS used 

It ,s bel,eved that complete analys,s and 
mnterpretatmn of the results of th,s questmn 
cannot be secured untrl compar,son ,s made 
w,th the results obta,ned from other related 
questvans Suchcompar,son ,s made later ,n 
th,s report ,n the general d,scussron 

A further breakdown of the results from 
th,s questmn was made upon the bas LS of p,- 
lot exper,ence, and ,t was found that p,lots 
w,th less than 4.750 hours flymg exper,ence 
an s w e r e d the questmn ,dent,cally to p,lots 
hav,ng more than 4.750 hours experrence 

F,g 3 shows the geometr,c meanvalues 
of m,n,mum forward d,stance for the tax, 
cond,t,on selected by p,lots ,n the d,fferent 
groups assocmted w,th the a,rplane they are 
fly,ng It ,s ,nterest,ng to note that ,n the 
case of the Constellat,on a,rplane. wh,ch has 
the least f o rw a r d and downward vlstbdrty 



8 

3S FEET- MEAN DISTANCE 

DESIRED BY PILOTS 

LEQEND 

EXISTING MINIMUM 
DISTANCE VISIBLE 

S3 FEET 

MINIMUM DISTANCE 
OF VISION DESIRED 

SS FEET 

SS FEET 

IS3 FEET 

Fig 3 Exlstmg and Desrred MIntmum Forward Ground Distance Vlstble m Tax, Attitude as 
RestrIcted by Lower Edge of Wmdsh,eld or Nose 

during taxlmg. the pllots specdled a very 
small distance. mdtcatmg they wanted to see 
the runway at amuch closer pomt than the a~=- 
plane provides and closer than that speclfled 
by any other pllot group In contrast to thts, 
the pilot group associated wtth the Convair 
240a~plane. whtchhas relatively good down- 
ward v,stb&ty characterlstlcs durmg taxung, 
s p e c of I e d a large distance. mdtcatmg they 
would be satlsfxd to see the runway only at 
a more dtstant pomt than the aIrplane pro- 
vrdes 

Questmn 4 - External Portmns of AIrcraft 
V~srble from Cockprt 

The results of th,s questton show that 
96 per cent of the pilots answermg the ques- 
tmnnalre express a desire to se& some ex- 

ternal portmn of the alrplane The d&a&d 
results obtamedfromthls questmn are shown 
I” F,g 4 It LS d$monstrated that the large 
maJorlty of pIlots constder It necessary to 
seewmg tips , engme nacelles and propellers 
bymoderate movementof the head and shoul- 
ders It also IS shown that 92 per cent of the 
pilots feel that It IS necessary to see the wmg 
tips through e it h e r moderate or maxuntun 
head and body movement, 97 per cent feel It 
LS necessary to see the engme nacelles and 
propellers under slnular condrtmns. and 66 
per cent feel It IS necessary to see the mam 
landmg gear 

The other fcve locatmns on the alrcraft 
shown in this figure are speclf,ed by a rela- 
tlvely small number of pilots Thts may not 
mean that these locatmns are relatively un- 
Important, when compared to the first three 
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F,g 4 Percentages of Ptlots Desumg to See External Portmns of the Amplane 

locatmns. as the camp arable percentage 
f,gures md,cate The first three locatmns 
thatwere shown to be of max,mum mportance 
for mclusmn ,n v~s~onwere llsted on the ques- 
tmnnatre form. and merely needed a check 
mark to answer. whereas the other ftve lo- 
cations were suggested spontaneously by the 
pIlots 

Ouestlon 5 - Maneuvers for Whrch 
Maxmum V~stb~l~ty ,s Requmed 

The data obtamed from th,s questmn are 
presented ,n Ftg 5 It can be seen that the 
nllots belleve thatthe maneuver ,n which good 

vwtb,llty IS most urgently requred LS the 
fmal approach The glrdmg-turn maneuver 
1s their next choice, w,th taxung placmg third 
in the,r preference 

Questmn 6 - V~smn Cut-Off Angles m 
Douglas DC-3 Amplane 

The Douglas DC-3 amplane was selected 
for use LII this questmn because most awlme 
pilots have had experwnce ,I, It, and the a,r- 
plane IS generally avaLlable If a pilot should 
desme to evaluate Its vision charactenstlcs 

The results obtamed from thm questmn 
are shown m Table III ,n terms of the geomet- 
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TABLE III 

Desired Improvements of 
Vlslbll,ty In Douglas DC-3 

Increase in Wtndow 
Openmg ln Inches 

Mean Value 

Upper and forward 
edge of wmdsh,eld 
Upper edge of left 
side wmdow 
Lower and forward 
edge of wmdshleld 
Lower edge of left 
s tde wmdow 
Aft edge of left 
stde wlndow 

2 39 

2 29 

1 22 

0 50 

1 69 

I-K mean value of lmear increase of wmd- 
shlelddunensmns speclfted byflhe pIlots The 
data of Table III also are plotted m Fig 6 I,, 
terms of the angular Increase m YLSLO~ cut- 
off lunlts correspondmg to the mean values 
for the lmear dxnenswns given m the table 
Fig 6 1s based upon dtrect measurement ,n 
the cockplt of a Douglas DC-3 airplane, and 
Includes the effect of head rotatmn in the var- 
,c.us aelmuth angle dlrectmns The eye level 

F,g 5 Relattve Importance of V,s,bllrty 
Durmg Common Maneuvers Shown 
m Percentage of Total ReplIes 
From P,lots 

-/ ,- -% 

/ ’ 

was based upon the eye level chosen by three 
expertencedp&xts, all of whom showed close 
agreement 

The mean values of pilot estlmatmn 
s hewn in Table 111 and Fig b mdtcate that 
more vlslbtltty IS consldered necessary than 
1s provided by the DC-3 airplane The amount 
of mcrease varies wth each wndow The 
pIlots constdered a 7” mcrease mthe forward- 
upward v,s,on to be necessary. and a 3” m- 
crease necessary m forward-downward 
“IS ton 

The questlon specdxally Instructed the 
ptlot not to c on s’ L d e r airplane structure m 
answermg this quest,on In the DC-3 arrplane 
the nose reduces the forward-downward v,s- 
tbdlty by approximately 3” Therefore, the 
3” increase in forward and downward VLSI- 
bllltythat the pIlots requested must be added 
to the 3” obstructton caused by the nose to ob- 
tama true picture of the p,lots’ destre for m- 
creased vlstblllty from the DC-3 awplane 

The meanvalues ofpllot estwnattonfur- 
ther mdvzate that an approxwnate 7” ,ncrea~e 
in vlsmn to the left side and upward 1s nec- 
essary. and a 3” increase to the left and down- 
ward 1s requwed Further, a 10” increase 
in vlsmn to the extreme aft edge of the left- 
hand wmdow ,n the cockpIt IS des,red 

Questton 7 - Evaluation of Speclf,c 
Awcraft Bemg Flown by P,lot 

It was found that the mdtwdual pllot’ s 
flying tnne m the atrplane now being flown 
varted from 3 hours to 14. 000 hours The 
average values for each airplane pilot group 
are shown tn Table IV, 

TABLE IV 

Average Flight Experience of PIlots 
In The Axrplane They Are Now Flymg 

Axplane Type 
Flight Experrence of 

PIlots m Hours 

Douglas DC-3 1811 
Douglas DC-4 lb59 
Douglas DC-6 535 
Lockheed Constellation 916 
Convatr 240 284 
Martm 202 459 
Boeing 307 674 
Other 187 

; ‘y---- 

‘J ,: 
I, ,r’ 



LEFT a IIZLMUTH nN*LES FROM FORWARD EYE POS,T,ON IN DEGREES A RlSHT 

Fig 6 Present and Desired Vlslon Cut Off Angles Ln the Douglas DC-3 AIrplane 

The percentage of pkts of each axplane 
group answermg the varvx~s portlons of Cues- 
tlon 7 In each of the three posstble manners 
IS shown m Table V As specLfled in the ques- 
tlon, Class 1 slgnlfles excellentvlsLo*, Class 
2 slgnlfles adequate vLsLon. and Class 3 slg- 
nlftes madequate vls~cm There also LS shown 
InTable V themeanestlmatmn value for each 
p o r t 1 on of the questIon. which 1s the mean 
value for the three numerxal ratings welghted 
by the percentage of pkts speclfymg each 
ratmg These mean values can vary from 
1 00 to 3 00 A mean value of 2 00 would be 
assumedto correspond to mlnxnum adequate 
vwmn. and the arno un t of varlatlon of the 
meanvalue from 2 00 corresponds to the de- 
gree of supermrlty or lnfervarlty of v1sLon 
compared to this m~ntn-mrn adequate condlt,on 

It 1s shown In Table V that with each 
alrplane model the lowest ratmg for v~stb~llty 
upwardto the front and v~lbtltty stdeward to 
bothleftand rLght 1s obtamed for the gltdmg- 

turn maneuver The lowest ratmg far VLSI- 
btllty downward to the front IS obtamed with 
most arrcraft models for the strarght cltmb 
maneuver In further analyst of the re- 
sults of thrs question, one of these two ma- 
neuvers generally was used for evaluatmn of 
vlsmn In the dtffe rent dIrectIons In the 
case of vlslblltty downward to the front the 
results obtamed m Questton 7 for the taxlmg 
and landmg maneuvers also were utllwed 

The arlthmetlc mean estxnatton values 
obtalnedfor each of the SLX aIrcraft In Ques- 
tlon 7 for forward and downward Y L s I on in 
stratght climb are shown In Table VI There 
are shown also m the same table the appron- 
unate forward and downward cut-off angles 
below the horlaon durmg climb These angles 
were determIned pa r t I a 11 y from manufac- 
turers data and partmlly from photographIc 
records of a 1 r p 1 ane attdude during climb 
procedure 

These data are plotted m Fig 7 It 

‘- 



Maneuver 

Taxrmg 
Take-off Run 
Straight Clrmb 
Crulsrng 
Level Turns 
Straight Gltde 
Gltdmg Turns 
Frnal Approach 
Landmg 

Average 

Maneuver 

Taxlmg 
Take-off Run 
Straight Clrmb 
C ruls mg 
Level Turns 
Straight Glrde 
Gltdmg Turns 
Fmal Approach 
Landrng 

Average 

TABLE V 

Percentage Of PIlots And Ratmgs Of Dtiferent Amcraft For Different Condltmns 

Vlslbtltty Upward To Front 

DC-3 DC-4 DC-6 Constellatron Convan 240 Martrn 202 
123M 123M 123M 123M 1 23M 123M 

60 37 3 1 43 63 32 5 1 42 68 28 4 1 36 44 46 10 1 66 93 7 0 1 07 72 28 0 1 26 
51 40 9 1 58 59 36 5 1 46 67 27 6 1 39 42 42 16 1 74 90 9 1 1 11 56 40 4 1 48 

37 45 18 1 81 46 38 lb 1 70 50 31’ 19 1 69 24 50 26 2 02 78 16 6 1 28 52 40 8 1 56 
30 51 19 1 89 42 46 12 1 70 49 36 15 1 66 27 50 23 1 96 81 18 1 1 20 56 40 4 1.48 

22 45 33 2 11 29 48 23 1 94 40 31 29 1 89 18 39 43 2 25 74 25 1 1 27 32 60 8 1.76 
29 50 21 1 92 34 44 22 1 88 43 34 23 1 80 24 45 31 2 07 82 lb 2 1 20 32 44 24 1 92 
16 44 40 2 24 24 43 33 2 09 32 35 33 2 01 17 34 49 2 32 69 27 4 1 35 28 36 36 2 08 
30 47 23 1 93 36 46 18 1 82 47 36 17 1 70 27 41 32 2 05 85 14 1 1 16 24 44 32 2 08 

51 40 9 1 58 56 38 6 1 50 66 27 7 1 41 41 44 15 1 74 87 13 0 1 13 52 40 8 1 56 

36 44 20 1 84 43 41 16 1 73 51 32 17 1 66 29 44 27 1 98 82 16 2 1 20 45 41 14 1 bq 

Vlslbll~ty Downward To Front 

DC-3 DC-4 DC-b Constellatmn Convarr 240 Martm 202 
1 23 M 123 M 123 M 123 M 123 M123M 

15 49 36 2 21 27 54 19 1 92 34 50 16 1 82 21 58 21 2 00 83 16 111.8 4844 8160 
56 36 6 1 50 42 48 10 1 68 62 30 8 1 46 40 43 17 1 77 84 15 1 1 17 60 32 a 1 48 
23 55 22 1 99 16 43 41 2 25 16 43 41 2 25 18 45 37 2 19 34 44 22 1 88 40 40 20 1 80 
37 53 10 1 73 31 50 19 1 88 38 44 16 1 80 26 47 27 2 01 76’22 2 1 26 52 48 0 1 48 
37 50 13 1 76 33 46 21 1 88 39 39 22 1.83 22 48 30 2 08 78 21 1 1 23 52 44 4 1 52 
42 44 14 1 72 41 44 15 1 74 49 34 17 1 68 29 45 26 1 97 84 14 2 1 18 64 28 8 1 44 
36 45 19 1 83 38 42 20 1 82 47 30 23 1 76 27 40 33 2 06 77 21 2 1 27 60 24 16 1 56 
43 43 14 1 71 42 45 13 1 71 56 27 17 1 61 30 46 24 1 94 83 16 1 1 18 56 32 12 1 56 
33 44 23 1 90 26 44 30 2 04 41 41 18 1 77 26 42 32 2 06 75 23 2 1 27 40 48 12 1 72 

36 47 17 1 81 33 36 21 1 68 42 38 20 1 78 27 45 28 2 01 75 21 4 1 29 52 38 10 1 58 



Maneuver 

Taxumg 
Take-off Run 
Straight Clu-nb 
Crulsmg 
Level Turns 
Straight Gltde 
Glldmg Turns 
Fmal Approach 
Landmg 

Average 

Maneuver 
DC-3 DC-4 DC-6 Constellatmn Convatr 240 Martm 202 

123M123M123M123M123M123M 

Taxlmg 12 45 43 2 31 15 42 43 2 28 21 52 27 2 06 12 27 61 2 49 43 48 9 1 66 29 63 8 1 79 
Take-off Run 34 48 18 1 84 29 46 25 1 96 47 38 15 1 68 24 38 38 2 14 76 21 3 1 27 54 46 0 1.46 
Straight Clunb 21 53 26 2 05 21 44 35 2 14 27 48 25 1 98 14 35 51 2 37 63 30 7 1 44 46 46 8 1 62 
Crulsmg 23 52 25 2 02 27 48 25 1 98 33 51 16 1 83 14 41 45 2 31 69 27 4 1 35 50 50 0 1 50 
Level Turns 10 42 48 2 38 10 41 49 2 39 19 41 40 2 21 6 33 61 2 55 48 40 12 1 64 21 54 25 2 04 
Straight Glide 21 52 27 2 06 23 45 32 2 07 31 48 21 1 90 14 40 46 2 32 67 29 4 1 37 42 54 4 1 62 
Glldrng Turns 8 39 53 2 45 11 36 53 2 42 19 38 43 2 24 6 26 68 2 62 41 45 14 1 73 8 56 36 2 20 
Fmal Approach 22 49 29 2 07 23 35 32 1 89 32 43 25 1 93 13 37 50 2 37 70 25 5 1 35 29 58 13 1 84 
Landmg 29 48 23 1 94 29 45 26 1 97 42 40 18 1 76 20 36 44 2 24 75 21 4 1 29 50 50 0 1 50 

Average 20 47 33 2 13 21 43 36 2 15 30 44 26 1 96 14 35 51 2 37 61 32 7 1 46 36 53 11 1 75 

TABLE v (CONTINUED) 

-2 j,- 
‘,. 
. - 
,‘_ _ 

i . _.. 

Percentage Of Pllots And Ratmgs Of Different AIrcraft For Different Condltmns 

Vrsrblllty Sldeward To Left 

DC-3 DC-4 DC-6 Constellatmn Convan 240 Martm 202 
123M123M123M123M123M123 M 

53 41 b 1 53 65 32 3 1 38 68 30 2 1 34 28 57 15 1 87 80 18 2 1 22 71 29 0 1 29 

61 36 3 1 42 67 30 3 1 36 75 24 1 1 26 37 51 12 1 75 90 10 0 1 10 75 25 0 1 25 
51 43 6 1 57 58 37 5 147 6431 5 1 41 2.8 53 19 1 91 82 18 0 1 1.3 75 21 4 1.29 
53 41 6 1 53 61 35 4 1 43 64 32 4 1 40 29 59 17 1 98 83 16 1 1 18 75 25 0 1 25 
34 44 22 1 88 45 41 14 ‘1 69 48 37 15 1 67 18 48 34 2 16 73 23 4 1 31 62 25 13 1 51 
51 42 7 1 56 59 37 4 1 45 62 34 4 1 42 29 54 17 1 88 84 15 1 1 17 71 25 4 1 33 
32 43 25 1 93 42 42 16 1 74 49 35 16 1 67 16 46 38 2 22 69 25 6 1 37 48 28 24 1 76 

49 43 8 1 59 59 38 3 1 44 61 32 7 1 46 27 50 23 1 96 85 14 1 1 16 58 33 9 1 51 

56 38 6 1 50 64 32 4 1 40 66 30 4 1 38 34 48 18 1 84 87 13 0 1 30 71 29 0 1 29 

49 41 10 1 61 58 36 6 1 48 62 32 6 1 44 27 51 22 1 95 81 17 2 1 21 67 27 6 1 39 

Vlstblltty SIdeward To Right 
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INDEGREES 

Fig 7 Adequacy of Forward and Downward 
V,s,on Durmg Stratght Clnnb ,n 
Dtfferent AIrcraft 

appears fromthe plotted curve that rf the aver- 
age p&t can see about 8” below the horizon 
durmg chmb. he v/111 consider the forward 
and downward YIS~O” J u s t adequate From 
approxwnate extrapolat,“” of the curve. It 
might be concluded that If the llmlt of VISLO” 
extends 15” to 20” below the horrzon durmg 
the climb, the resultmg v,s,o” would be con- 
s,dered excellent 

The mea” estrmatmn values plotted m 
F,g 7 rntght also be plotted dwectly agamst 
forward and downward cut-off angle relative 
to the longltudmal ax,s of the airplane, or 
relat,ve to the fltght path of the awplane durmg 

clunb However. the type of plotting shown. 
usmg the horizon as a reference, appears to 
prowde the best correlatmn 

Itmay be assumed that the basis of p,- 
lot estmxatmn for forward and downward “K.IO” 
dur,ng cl,mb IS the slghtmg of other awcraft 
to avord coll,sro” No necessity can be see” 
for the amount of v,s,on de s or e d from the 

sta”dpo,“t of vxual Judgments unless the ,I,- 
lots were constdermg the posstblllty of sur- 
vey,“g the t e r r a I” below flight path I” the 
eventof a” emergencylandmg In addttlon to 
th,s cons,deratu,n It 1s recognwxd that the 
forwardanddownward d,rectlon durmg clxmb 
I” the vlclnlty of arrports does represent a 
dangerous area fro”, the coll,s,on stand- 
pmnt 

It 1s noted that the estxnatm” value for 
the Convair 240 a,rplane for thw condltwn, 
althoughbetter than a value corresponding to 
m,“,mum adequate YLSIO” and slightly ~“con- 
s,ste”tw,ththe “glues for the other airplanes. 
1s the lowest rat,“g grven by the Convair 240 
p,lot group for v,s,o” I” any drrectwn I” any 
ma”e”“er This relatwely low rattng appears 
assocLated with the attttude of the awplane 
durrng clwnb 

There are shown L” Table VII the ar,th- 
metic mea” estnnatmn values for the landmg 
and taxrmg cond,t,on for forward and down- 
ward ~1st”” for all atrplanes and the corre- 
spondlng apptoxunate ground distances I” 
front of the a,rpla”es which can be see” 1” 
landmg and taxlmg attitudes The latter d,s- 
tances were obtarned parttally from manu- 
facturers’ data and part I a 11 y from photo- 
graphx r e c o r d s of awcraft durrng landing 
touchdown and tax1 These data are plotted 
,n Fig 8 

The average curve drawn through the 
plottedpotnts InFIg 8 crosses the estnnatlon 
value correspond,“g to rn~n~mum adequate 
v~s,“” when the v,s,o” ground distance 1s about 
130 feet Itmaybeconcluded that Lf a ground 
dIstanceless than 130 feet L” front of the air- 
plane can be see” durmg both tax I I” g and 
IandIng, the average pllotwll constder “ISLO” 

TABLE VI 

Mea” Values And Cut-Off Angles For Forward And Downward 
VW,“” I” StraLght Climb For Dtfferent ALrcraft 

Airplane 

Douglas DC-3 
Douglas DC-4 
Douglas DC-6 
Lockheed Constellatm” 
Convair 240 
Martm 202 

Mean Value Of Forward and Downward Cut-Off 

PIlot Estunatmn Angles Below Horvzon In Degrees 

1 99 75 
2 25 45 
2 25 3 5 
2 19 5 5 
1 88 70 
1 go 11 0 
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YlWlY”” DISTMICE WSWLE I” FEET 

F,g g Adequacy ofForward andDownward V~slonDurlng T~rmgandLandmg in 
D,fferentAmcraft 

to be adequate, and tiaforwardgroundd~s- is desrred mtbe lzmdrng att~tude. eltber for 
tance of about 60 feet can be seen. the pxlot secondaryJudgmentsor for seeing obstacles. 
vnll consrder vlsmnto be excellent. I" re",euwlg the mea" values sbnwn ill 

From the small slope of tbe average Table V. the plots selected gliding turns as 
curve it appears that forward and downward tbe most critical nnaneuverwbenewalmatimg 
mz.mn probablywouldnotbe rateddefmmtely v~s~bll~tyupvmrdand to the front. For vision 
poorunderthesecondltlonsunlessthefo~ard mth~sdirectiontbe average oft&e amitbmetic 
and downward cut-off lumt IS about at the meapvaluesfortbegliding-turn- -r for 
borwmn. all pilots and aircraft is 2.05. whichrepre- 

Thefactthat a smgle curve IS obtamed sentsvlsionsllghtlyworsethanm~~~ade- 
for both the landmg and taxumg condxtmn 1s quate msion. The bestratiifor this condi- 
5,gmf~ant Although It ~sreasonably certam tmn was 1 35. andwas givento the Convair 
thatshort-dlstancevlslonisnotusedfor basic 240 amplane. whxh affords the pilot the 
Judgmentsdurmglandmgs. theresults ofth~s greatest forward andupwardvlsionof any of 
questmn appear to imply that short-distance the airplanes under constderatmn. The 
~1s mn equivalent to that needed for tammg also poorest ratmg was 2.32, and was given to the 

TABLE VII 

Forward And Downward Vx~tb~llty Estmnatmns Durmg 
Landmg And Taxlmg Condltmn In Different Awcraft 

Landmg Cond~tmn Tazang Cond,tx.n 
Est,mated Correspondmg Estrmated Corresponding 

Mean Ground Mean Ground 
Awplane Values &stance In Feet Values Distance m Feet 

Douglas DC-3 1 90 104 2 21 331 
Douglas DC-4 2 04 152 1.92 98 
Douglas DC-6 1 77 104 1 a2 98 
Lackbeed Constellatmn 2 06 155 2 00 123 
Conva,r 240 1 27 62 1 18 59 
Martm 202 1 72 69 1.60 66 
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TABLE VIII 

Mean Estunated Values And V,swn Cut-Off Angles Of Upper Edge 
Of Edge Of Left W mdow In Gltdmg-Turn Cond,t,on 

Auplane 

MeaIl 
Estnnated 

Values 

Douglas DC-3 1 90 
Douglas DC-4 1 74 
Douglas DC-6 I 67 
Lockheed Constellatmn 2 22 
Convam 240 1 37 
Martm 202 1 76 

Constellatmn axplane. whrch affords the pt- 
lot the smallest forward and upward v,s,on of 
any of the airplanes under conslderatmn 

In spite of the general consistency of 
results shown above. It was not found pos- 
slble to establtsh a reasonably prectse rela- 
tlonshlp between the forward and upward cut- 
off angles and the pilot ratmgs which would 
hold for all of the types of a I r c raft under 
constderat~on Th,s absence of correlation 
probably ,s assocnted with the small angular 
difference Inupward v~s,on between the ~a=,- 
ous awplanes, and to lack of knowledge of the 
fllght att,tudes of the d,fferent awplanes 11, 
the gltdmg-turn maneuver 

The mean values of evaluation obtamed 
u,Queat,on 7 for wstonupward to the left for 
all airplanes ,n a glldmg-turn condltmn are 
s hewn m Table VIII. wtth the approvlmate 
correspondrng v,s,on cut-off angle of the upper 
edge of the stde wmdow The cut-off angles 
are for the condltmn where the head 1s turned 
directly stdeward from Its normal pos,tion 
These values are plotted in Fig 9 

It may be concluded from F,g 9 that 
VISLOI, upward and to the left 1s considered 
barely sat,sfactory If the cut-off angle LS about 
21’ w,th the head turned s~deward Th,s eye 
pas rt LOI, 1s arb,trary, but LS constdered to 
closely repfesent the actual condLtmns 

The ,ncrease 11, upward VLSLOIL cut-off 
angle wtth head movement also may be an ,m- 
portantfactor Ifthe data of F,g 9 were re- 
plotted for a S-Inch stde head movement, 
still mcludmg head rotatmn, the cut-off angle 
for the Constellatmn airplane would ,ncrease 
to about 37-and the cut-off angle for the Doug- 
las DC-4 and DC-6 auplanes would cncredse 
to about 49” The m,n,mum satlsfaclory angle 

Vlsmn Cut-Off Angle, Upper Edge 
Left Side Wmdow In Degrees 

22 
27 
27 
19 
26 
22 

,n th,s case would be about 44” Homever. It 
,s not apparent from the data that such head 
movement was considered ,n evaluation of 
.,LSLO~ m this duectmn 

These results mdwate that upward VL- 
s,on throughthe leftwmdow 1s destred at least 
up to the hornon in a 21” bank wtth stdeward 
headrotatmn. and m a 44” bank with a 5-Inch 
srdeward head movement 

The data obtamed for each awplane in 
Questlo,, 7 for vision to the right side in 
gl,d,ng turns are plotted in Fig 10 agamst 
the total soltd angle of VLSLO~ provided by the 
rtght-hand wmdow or wmdows as seen from 
the left-hand seat A general trend 1s shown 
for the degree of p&t satlsfactmn to increase 
with increase 11, soltd angle of VLSIO~ 

Anattemptwas made to correlate these 

Fq 9 Adequacy of Upward V,smn at 90” to 
the Left Durmg a Glrdmg Turn m 
Ddferent AIrcraft 
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Ftg 10 Adequacy of Stdeward to Rtght 
V,smn Durmg Gltdmg Turn in 
Different Axrcraft 

data with VLSNW cut-off angles of the right- 
handwmdowupper edge, lower edge, and rear 
edge, butno relatlonshlp could be found 
The co r r e 1 at L on with total solld angle of 
v1smn 1s the only one whwh shows a defmtte 
trend, although thw correlatmn also IS not 
completely sat~factory 

The curve shown m Ftg 10 mdwates 
that, If the total soltd angle of v,s,on to the 
right stde as seen from the left-hand seat ,s 
greaterthan about 0 13 steradlans. the aver- 
age pIlot ~111 constder the right-hand v~mn 
to be an adequate but m,n,m”m amount In 
mew of the low slope of this curve and the 
apparent general tendency of the Convair 240 
pIlot group to slightly overrate vls,bll,ty I,, 
that aIrplane, It mtght be estwnated that the 
mmunum soltd angle should be slaghtly greater 
than the value given. or about 0 14 to 0 15 
steradlans Approxunate eutrapolatmnof the 
curve tndwates that right-hand vlsmn wtth a 
soled angle of 0 18 to 0 20 steradtans would 
be classlfled as excellent by all pIlot groups 

Ina symmetrical cockplt with side-by- 
side seatmg, there obvmusly IS a close rela- 
tmnshlp between vlsmn to the left side and 
VLS ton to the r lght s Ide This 1s shown by the 
close paralleltsm of r at in g s given to each 
axplane for v~slon m the two dlrect,ons for 
the gltdmg-turn condltmn The cockpit wtdth 
undoubtedly us an xnportant factor in connec- 
tmn with right-hand v~mn, but the aLrplanes 
c on s 1 de r e d do not vary wtdely I,, cockp,t 
wtdth. and this factor apparently Influences 
both left- and right-hand VLSIOIL m a s,mllar 
manner 

Questmn 8 - Distortmn and Obstructron 
of VW ton 

The results obtamed with Questmn 8(a) 
are shown in Table IX, whtch gtves the arrth- 
metw meanvalue of numerrcal ratrng for each 
azmxuthsegment angle *peafLed “I the questmn 
Me an values are shown for the enttre p&at 
group. and separately for the two pIlot groups 
wlthexperlence from zero to 4,749 hours and 
4. 750 plus hours, respectwely 

There also are shown the mean values 
obtaIned from the pilots associated wtth each 
atrplane type These latter values cover pl- 
lots of both experience groups 

It 1s seenthat a smalldtfference exists 
between the ratmgs of pilots “I the two exper,- 
ence groups. with the more euperlenced pi- 
lots generally s p e c of y 1 n g slightly higher 
quality of v~smn for the side segments and 
slightly lower q”alLty for the forward seg- 
ments A greater varlatmn exists between 
the pilot groups for the different aIrplanes 
The Douglas DC-6 p llots generally specify 
the lowest qualrty and the Convair 240 pilots 
s p e c lf y the htghest quality No reason LS 
apparent for this ddference between the pl- 
lots associated with each awplane, and ,t ap- 
pears that the ddference cannot be explamed 
by amount of experrence alone 

The over-all mean values obtamed for 
allpIlots are mfluenced most strongly by the 
Douglas DC-3 pllots because of the larger 
sample obtamed of these prlots The DC-3 
p ~1 o t s also are preponderantly m the low- 
experwnce g r oup The standard devlatmn 
from the over-allmeanvalue of the mdlvldual 
mean values obtamed with the ten dtfferent 
experience and arrplane groups was 0 11 for 
the lZO”-90” L segment The standard devla- 
tmn for thw segment was a maxxnum. and 
represents a devlatmn of 5 5 per cent of the 
range of possible values 

The over-allmeanyalues given ln Table 
IX are converted Into aqualltyper cent ratmg 
These values also are shown and represent 
the dtfference between each mean value and 
the low-qualtty value of 3 00. expressed m 
per cent of the total posstble varlatmn from 
3 00 to 1 00 Thus, amean value of 1 00 
represents 100 per cent and a mean value of 
3 00 represents zero per cent It LS recog- 
nmed that the quality scale 1s not necessar,ly 
lmear. as this procedure assumes, but It IS 
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TABLE IX 

Varxatmn Of Quality Of Vlsmn Wtth Azunuth Angle For Different Airplanes 

Azimuth Angle 
(Degrees) 

Mean Value - Qualtty Rating Qu&ty 
Pilots Pilots All Per Cent 

0 - 4749 Hours 4750+ Hours P&Jts Rattng 

120 - go L 2.20 2 13 
90 - 60 L 1.68 1 64 
60- 30L 1 12 1 16 
30- OL 1 03 1 01 

O- 30 R 1 02 1 03 
30 - 60 R 1.14 1 17 
60 - 90R 1 71 1 65 
90 - 120 R 2.22 2 14 

Aeunuth Angle 
(Degrees) 

Douglas 
DC-3 
PaIts 

Douglas 
DC-4 
PIlots 

Mean Value - Quality Ratmg 
Douglas Lockheed 

DC-6 Constellation 
PIlots P,l&s 

Convair 
240 

PllckS 

120 - 9OL 2 12 2 22 2 29 2 21 1 98 
90 - 60 L 1 59 1 72 1 82 1 67 1 54 
60 - 30L 1 09 1 23 1 21 1 18 1 08 
30- OL 1 a1 1 02 1 03 1 02 1 00 

o- 30R 1 01 1 03 1 04 1 03 1 00 
30 - 60R 1 08 1 23 1 18 1 21 1 11 
60 - 90R I 60 1 74 1 85 1 71 I 56 
90 - 120 R 2 12 2 24 2 29 2 24 2 01 

believed that a reasonably accurate estunate no pomt m this total range of aaunuth angles 
LS secured IS Type (3) wsmn deswed 

The quality per cent ratmg for the dd- 
ferent angular segments, as given m Table IX, 
are plotted m Fig 11 A curve LS drawn 
through the mldpolnts of each segment value 
to mdxate a contmuous varlatmn 

There LS shown also m Ftg 11 a curve 
defmed by the equatmn 

Q = 50 (1 - 1/&s [ 8 - v]) 

It LS des,red to estimate from this 
curve the azimuth angles over which the 
varmus classes of vlsmn quality are desired 
If Lt 1s assumed that qualLty of 75 per cent or 
greater corresponds ta the high quality Type 
(1) vlsmnspectfted m the question. that qual- 
lty be.+.wen 25 and 75 per cent corresponds to 
Type (2) vlsmn, and that values less than 25 
per cent correspond to Type (3) vtsmn, then 
defuxte conclusmns can be drawn 

where Q LS thequalttyper cent factor already 
used and 8 1s apositIve azimuth angle measured 
from the forward ax16 A close agreement 
exwts betweenthw curve and the ex’permxental 
curve for azimuth angles between 90” left 
and 90” rrght This mathematical expressmn 
might be ut ~1 teed for estwnatron of vkzmn 
qualtty In this angular range 

Upon thx basis. It IS seen thatthe 
high quality Type (1) vlsmn 1s destred over 
a range of aelmuth angles extendmg from 
about70’ leftto 65” right of the forward axis 
Beyond these lmxlts, and to the lrrmt of 120’ 
left and r+t. Type (2) vlsmn LS desLred At 

lhe estmxatmns made by pllots apswermg 
this questron were based solely upon quality 
of vlsmn desired It \s obvmus. however. 
that estmvatmn of q”alLty of wswn deswed 
IS related closely to estwnatmn of relative 
wnpnrtance of accurate VLS ton at dltfrrent 
azxnuth angles In this sense the vertxcal 
scale of Fig 11 may be considered a scale 

2 16 
1 65 
1 15 
1 01 

/ 
1.03 
1.15 
1 68 
2 18 

42 
67 

92 
99 
98 
92 
66 
41 
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of importance of v~smn, and the experimental 
curve shows the manner m which tmportance 
of v,slon varies with aermuth angle 

It 1s of mterest to compare the curve. 
Interpreted m this sense, with a similar re- 
1atmnshIp g,ven by Fray and Scott and shown 
by McFarland They defme a welghtmg 
factor Wf, whwh us proportmnal to the dse- 
fulness of v~smn at any g,ven aelmuth durmg 
the landmg maneuver, and conclude that Wf = 
1 00 f ram 0” to 20” left, and Wf = +iZ 

(13 - 20”) from20”left to 65” At 65’the value 
of Wf = 0, andat azimuth angles greater than 
about 30”thevalues of Wf are much less than 
the correspondmg relative values shown by the 
present curve The large increase ,n rela- 
tlve importance of the side angles, as mdt- 
cated bythe present curve, probably LS assoc~- 
ated with the use of such areas m turns and 
LII maneuvers other than landmg 

In formulatmn of the questmn to be pre- 
sented to the pIlots. It was necessary to de- 
fme the different quality levels of v~s,on ,n 

‘Ross A McFarland, “Human Factors 
in Au Transport Design.” 1st Ed , p 443, 
McGraw H111 Book Co , lnc , New York and 
London, 1946 

broad terms which could be mterpreted and 
applied by the p&t In actuality. the qual,ty 
ofvlsmnmay be determmed by measurement 
of devratmn and dwtortmn mtroduced by the 
glass The prmapal factors are the amount 
of devlatmn of lme of sight through the glass, 
and the rate of change of such devlatmn across 
the pane Quality of v,s,on 1.s mfluenced by 
both of these factors. which m turn are u,- 
fluenced strongly by the angle of sight ..wth 
I e s p e c t to the glass surface auant1tatwe 
speclfwatmn of v~slon quality. therefore, LS 
complex However, the three categories of 
vlsmnqualtty used ,n the questmn may be de- 
fmed approximately ,n terms of d,stortmn as 
zero to two mmutes per mch rate of change 
of arc devlatmn for Type (1) qualtty, two to 
four mmutes per Inch rate of change of arc 
devlatmn for Type (2) quality. and greater 
than four mmutes per mch rate of change of 
arc devmtmn for Type (3) quality 

If strwt adherence were made to the 
quality requrements mdxated by the results 
of this questma Itprobablywould be necesslry 
to utllue flat, glass panes m the ae,muth an- 
gles from 0” forward to at least 70” r,ght and 
left, andto place the panes so that the lme pf 
sight 1s as close as posstble to 9O’w,th re- 
spect to the glass surface 

‘Ihe data obtamed from answers of Dues - 
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Varmtmn Of Obstructmn To Vlslon Wtth Aetmuth Angle For Different AIrcraft 
! I I 

Mean Value - Obstructmn Ratmg 
Ptlots P&z& All 

0 - 4750 Hours 4750t Hours P,lots 

2 54 2 54 
1 97 1 96 
: 45 1 44 
1 07 1 07 
1 16 1 15 
1 49 1 47 
2 00 I 98 
2 56 2 55 

Mean Value - Obstructmn Ratmg 

ObstructIon 
Per Cent 

Ratmg 

I! *, 
Az&th ‘Angle 
<“(Degrees) 

120 - 90 L 
90 - 60 L 

LZ‘6? - JOL 
/ 32; 0 L 
I, .,70.-r .@ R 

, -390 ,60 R 

d “1,6Q‘ : P R 
, .,.~Q;,-Af” R 

2 53 
1 94 
1 43 
1 06 
1 14 
1 46 
1 96 
2 54 

23 
52 
78 
96 
92 
76 
51 
22 

Douglas Douglas Douglas Lockheed Convarr 
DC-3 DC-4 DC-6 Cons tellatmn 240 
PIlots PIlots PIlots PIlots PIlots 

2 48 2 54 2 54 2 66 2 53 
1 92 1 94 1 99 2 04 1 96 
1 36 1 44 1 49 1 56 1 50 
I 06 1 05 1 07 1 11 1 08 
1 15 1 16 I 16 I 16 1 21 
1 40 1 47 1 50 1 59 1 57 
1 93 1 96 2 04 2 07 2 00 
2 48 2 56 2 58 2 67 2 53 

$L~IJ~ e(b),are given m Table X. expressed as 
the mLqafvalue obtalned for each segment an- 
,gle, qs<est~mated by the two p&t erperwnce 
g~~qups,, and also as estimated by the pilot 
.gyoup~, gssoclated wtth each of the five al=- 
&~r~e~~~~,The over-all mean values and the 
~,q~rr,ep~,pond Ing per cent ratmgs also are 

:.p?Y?, ‘0 t 
1 ., C 1 o s e agreement LS obtamed between 

&:‘~‘~s’u’rts secured from the two experience 

show defmlte and 
, as m the case of Ques- 

n this portmn of the questmn. the 
the Constellatmn ar- 

hrgher numerwal 
evaluatmn, and the Douglas DC-3 pIlots give 
the lp\yest numerIca evaluation Agam. no 
exp&?dn IS obvmus for this varlatron or 

for the dtfferent altgnment m the two parts 
of the questmn of the pllot groups associated 
wth the speclflc awcraft. 

Theobstructmnper cent ratmg derived 
from the mean values obtamed for the entire 
pilot groups are plotted m Ftg 11 The re- 
sultant curve 1s s lmllar In shape to the curve 
found m Questmn S(a) for quality of wsmn, 
but the obstructmnper cent ratmg IS lower m 
value for all azimuth angles than the prevmus 
quality per cent ratmg 

If It 1s assumed that an obstructton per 
cent ratmg greater than 75 per cent corre- 
sponds to Condltmn (1) on the ratmg scale. 
then It may be concluded that It 1s desired 
that no obstructmn be present m the wmd- 
shield over a range of a zlmuth angles ex- 
tendmg from 50’ left to 49” right Slmllarly. 
the angular segments mwhvzh mmor obstruc- 
tmn IS permissible. correspondmg to ratmgs 
of 25 to 15 per cent, extend between 50” and 
100’ left and 49” and 100” right From 100” 
to 120” on both sides. greater obstructton 1s 
permlsstble A slight decrease m Importance 
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TABLE XI 

Mean Estimated Values For Mmlmum Width Of Slot 
In Inches Necessary To Operate Awplane 

Mean Value For Wtdth Of Verttcal Slot (Inches) ’ “ ’ 
Douglas Douglas Douglas 

DC-3 DC-4 DC-6 
Pilots Pilots PIlots 

0 - 4749 Hours 6 70 7 56 9 13 
475Ot Hours 6 96 7 49 6 80 

All Experwnce 6 80 7 52 7 54 

of obstructvan 1s noted for the right-hand side. 
as compared to the left-hand stde 

In the orlgmal questton. a mmor ob- 
structmnwas defmed as a thm post less than 
1 l/2 mches mwldth Apost of this srze ~111 
not completely obstruct bmocular vlsmn be- 
cause of the approximate 2 l/2-Inch eye 
spat mg However. the edges of wmdshleld 
panes generally produce dwtortmn. and the 
width of posts may 1 n c r e as e at an oblique 
angle of s,ght because of thickness, so that 
lf a post wtdth LS mcreased apprecmbly be- 
yond 1 l/2 mches. adefmmte loss mv,smnmay 
be expected even with bmocular vw.mn 

It may be concluded that bmocular vtsmn 
wtthout appreciable obstructmn IS desired 
for all azimuth angles over which simple head 
movement us possible. or eve r an angular 
range slightly greater than the forward semt- 
Cli-Cl‘? The partxularly c r 1 t L c a 1 angular 
dlrectmns fromthe standpomt of obstructmns 
cover a total range of about loo”, centered 
about the forward dwectmn 

Questton 9 - Wtdth of Forward V~swn 
Area Necessary for LandLng Judgments 

The results of thrs questmn are given 
In Table XI. whtch ltsts the geometric mean 
value of the slot wtdth Ln mches speclfled by 
eachpIlot group. and also shows the over-all 
geometrx mean value of 7 06 mches obtatned 
A medLan value of 7 Inches and an arrthmetlc 
mean value of .S 61 mches was found for the 
ent,re pIlot group 

Indlvldual an s w e r s to th I s questton 
varied over a range from 1 mch to 36 mches. 
but the mean values given by each group appear 
reasonably consistent Only a slLghtd,fference 
,s shown between the over-all values for the 

Lockheed Convair 
Constellatmn 240 Other All” ’ 

Pilots PIlots Pilots AlrpJ&$ 
I , 

7 10 7 85 a 73 7’08 1 
a 03 5 54 7 91 ?, P?:;” 

<> ,: ’ 
7 50 5 69 7 71 7 ~061h 

?& Toll 

two experience groups. and this difference 
does not appear to be slgnnlflcant MofS di& 
ference LS found between the pilot grotips‘ 
assocmted with the different aLrplanes1,; but 
even m thw case no conststent trend’#db- 
served whIchmIght be explamed by part&& 
awplane characterlstlcs > ‘I i-s 

The geometric mean value of slot w’idth 
of 7 06 Inches, when converted Into an aH’&lk? 
measurement, corresponds to a total arig tif 
about 23” over whxh bmocular vLsmn I’s‘d&~\’ 
cured Monocular vlsmn would be ob&Ih&l 
somewhat beyond thw ltmlt. and slrght head 
movements, which were not mentmnedrm the 
questlonbutwhlchmayhave Influenced th< plii’ 
lot e s t 1 mat L on, would mcreas e the’ l’ihzt’ 
further If monocular wsmn 1s assum&d-‘fo’E 
the maxtmum angles, together with a S’ihcli’ 
stdewardheadmovement, then the total !a-@ei 
over which v 1s ion may be obtamed lS”EB% 
However, It appears that the angle t35 .?&‘j 
over which unobstructed bmocular vlswn &? 
obtamed with a 7 06-Inch slot wtdth 1s prob- 
ably the most slgn,fxant figure t I o- II &I 

It may be concluded that, m ave?aag& 
p&t opmmn. the essential visual Judgment& 
whLch are made while landmg an alrplan~rar~ 
made through aportmn of the wmdshteldlcohk 
tamed wtthm at least 13” on both stdes bfTa1 
lme directly forward of his head posltmhi -ii>? 

1’17 .,> 
Questmn 10 - Forward and Upwar l,‘i~q 

Vlsmn Durmg Landmg Approach *J?,,i 
I>Ti,V 

The answers to this questmn, au,rpb:-’ 
tamed from allpilots of bothexperlence gnoupe, 
and flymg all awplane models, give thetfol& 
lowmg results Ir>cl + 

r ,\<I’ 
(1) 19 per cent satd that tt was necessary 
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toseeapproximatelytbe fwsthalfoftbe run- 
way, andnotbeyondthe mIdpoint. 

(2) 18 per cent sad ~twaasnecessaryto 
see onlytothe far end ofthe runway. 

(3) 33 per cent said itwas necessaryto 
see allofthe rumvayanduptotbe horxzan. 

(4) 30 per cent said Itwaasnecessaryto 
seeabovetbehoruxm. andestunatedan arith- 
metlcmeanvalueof 21" anda geometruzmean 
valueof S-above the horlzan as berg re- 
qulred. 

This questmn basuxJly does notre- 
qmre angular estunations, but rather an estt- 
matmn of ObJects outsideofthe airplane which 
shouldbeseendurmg final approach m order 
to avoid obstruction and tomake necessary 
v,susl Judgments. Actually, the vertical 
angulardlfferencebetweenthe firstandthwd 
chowes for the condltmn stated IS only about 
4" 

The complete results obtamed for thw 
questlon are gwenmTableXl1 In these 
datanoslgnlficantdlfference 1s seenbetween 
the results for the varmus airplane p&t 
groupsorexperlencegroups Theonlynotlce- 
able difference IS the varlatmn between the 

first and second chaws. although the total 
for the two chmces remans reasonablyum- 
form except m the case of the Constellatmn 
p11ot group. For thus group the totalofthe 
fwsttwo chowes. representmg al~m~tofup- 
ward wsmn whrch LS below the horlaon, IS 
31 per cent as compared to 37 per cent for 
the entwe pllot group. Itmlghtappear that 
the dxfference between the first two chmces 
1s not sufficiently unportant to produce a 
consistent trend. andtbatthetotalofthe 

-, ‘a 

I , 

first two choices 1s mOre significant. 
Upon tbls basis, It is seenthat37per 

cent of the pilots feel that mmimumvlsmn 
for routine safe landings exists. fromthe 
standpointofmaking visual Mgments and 
seemg obstrctions,iftbe runwayis msight 
but not the horlxon. Atotal of 70 per cent 
are satisfied in this respect If the boron 
dsois insight. 

It may be concluded tbattheupper 
edge of the windshield should belncatedso 
that vismn IS retalned at least up tothe 
horizon in anapproachwhere the zurplane w 
normally in anose-down attitude. This con- 
clusmn relates only tavlsionnecessaryfor 
malang judgments and seeing obstacles, and 
notforseemgother alrcraftto avold possible 
colllslon. 

Inonesense,the answers obtamed with 
this question are mcluswe In frammgtbe 
questmnitwas cons~deredposslble that need 
forfoTwardandupwardv,s,on man approach, 
partwularlyfromthe standpomtof maklng 
Judgments. rmght be consciously assocmted 
wlths~ghtofpart~ular standard obJects out- 

side of the auplane such as some partofthe 
runway or horizon. Although this posslbdlty 
strll may exist. at least walth regard to the 
horlaon, theanswers do not demonstrate this 
maconclus~ve manner The proportmnal 
dwlsmn of 37. 33. and 30 for llmltmg vxsmn 

below the horwon. at the horizon, and above 

thehorwon. respectwely. 1s too equal a dls- 
trtbutmnto perrmt selection of a defmlte 
nodal pant. although It LS true that 63 per 
centofthe pilots mclude the horxxon mthelr 
estimate. 

Fromth~sv~ewpoint. italsois not clear 
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why the 30 per cent of the pilots who spec,- 
fled m~nlmum VEIO” to extend above the 
horlzonshould choose a geometric mea” value 
as great as 17’ above the horlzo” 

Analys,s of a” s w e r s to this questmn 
may be made also from the standpmnt of an- 
gular estmlat1on alone On this basis the 
mea” value of estlmatmn by all pIlots LS ap- 
proumxtely 7” above the ho r I z o n for the 
ml”lmum”rs~o” cut-off po,nt It 1s not clear 
that this method of analysts 1s correct, but 
the result obtamed LS L” close agreement with 
the prevmus cons~deratmns 

I” sp,te of these uncertamtles ,n com- 
plete evaluatmn of the answers obtamed. It 
appears to be defmltely establlshed that for- 
ward and upw a I d vts,o” extendmg slLghtly 
above the horrzon ~111 provtde at least rntnt- 
mum necessary “ISLO” 1x1 the opmm” of the 
large portmn of the pIlots 

Ouestmn 11 - Frequency of Acctdents 
and Near-Accidents Assoctated 

with Lack of Vlslblllty 

The results obtamed from Puestmn 11 
show that apprwxmately 25 per cent of the pt- 
lots answermg the questmnnarewere “wolved 
1” a near-acctdent assoclatedwtth Inadequate 
v,slbrl,ty from the c ” c kp I t The per cent 
figure corresponds to a total of 344 pllots re- 
port~nganear-accldentofthls type An addI- 
tmnal 0 8 per cent of the entwe pllot group 
were mvolved 1” a” actual taxI accident. and 
another 0 5 per cent had a coll~smn I” the arr 
wrth another a I r c r aft br struck a” obJect 
during IandIng or take-off 

While mterv,ewmgp~lots during the pre- 
study phase of the rwestv@mn. It was L”- 
dwated that the “ear-acctdents which were 
reported, principally Involved s ud d e n. ex- 
tremely close proaml1ty to another aircraft 
m the a,=, the p r e s e “c e of which was not 
prevmusly known and whxh requwed rapid 
and vwlent maneuvering to avotd coll~s~.” 

The r e s ul t s of this questmn mdxate 
that about one-quarter of the pIlots experience 
at least one near-acctdent of this ge” e r al 
nature, although the numb e r of actual air 
coll~sux~s r e p o 5 ted LS very small In this 
mstance,‘the “umber of near-accidents LS 
eonstdered to be more s~gmf~ant than the 
“umber of actual accidents, as the normal 
extreme severrty of the latter already IS well 
known and as pllots mvolved generally do not 

survive It 1s constderedstgnlfrant and ,“I- 
portant that one pilot out of every four re- 
ports a near-accident of th,s type 

cluestlo” 12 - PIlot Comme”t upon 
Miscellaneous Vtstblllty Problems 

A total of 911 pllot comments were re- 
celved I” answer to this questmn Thw “um- 
ber represents 60 per cent of all prlots who 
answered the questmnnalre Most of these 
comments obvmusly represent constderable 
thought by the p&ats Because of the large 
number of comments, however, It LS not pos- 
stble to present the c ” mp 1 et e mformation 
ava,lable from them at this tune 

Most of the comments secureddeal 
w,th s pe c ,f I c deta,ls of parttcular awcraft 
and are not presented. although general con- 
clusmns can be obtarned from them The 
f 011”~ ,“g comments mclude only a small 
portlo” of the total comments, and are 
not “ecessarlly constdered to be the most 
m,porta”t, but represent those remarks whrh 
were repeated a suffxlent number of times 
by dtfferent p&,ts to become slgnlflcant L” 
thw respect alone 

The comments are classlfwd u”der 
general headmgs accordmg to content, and 
the number of pllots makmg each comment 
LS shown 

Increase of Amount of Vlsmn 
Bubble observatmn windows were sug- 

gested by seven pIlots as a method for I”- 
creas,“g “1s 1”” from the cockpit, partw- 
ularly to the top and rear 

Mwrors to atd the pllot I” seetng upward 
and to the rear were suggested byseven 
p11ots 

Relocatron of the magnetic compass was 
suggested by 54 pllots 

It also was mentmned by many of these 
p 11 o t s that de-frostmg and de-lcmg equip- 
ment obscure unportant VLSLO” L” many air- 
craft 

There were 37 comments regardvlg the 
dtstance that the pllots eyes should be lo- 
cated from the forward wmdshleld It was 
mentmned speclfxally that the p I 1 o t 1s too 
far away from the wmdshleld I” the Douglas 
DC-4 and DC-6 awplanes The ptlots gen- 
erally des ,re to have their eyes close to 
the wndsh,eld durtng prectpltatmn or low- 
v,stb~l~ty condltmns There was general 
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agreement that the Douglas DC-3 a,rplane 
IS good ,n th,s respect some pilots com- 
mented that wmdshleld de-lel”g tempera- 
ture causes the eyes to dry out and be- 
come t ,r ed If the p,lot 1s too close to the 
heated wmdshwld 

V,stblllty I,mltatm” by the glare shwld, 
due to the steep angle of cl,mb which IS 
possible ,” pressurlaed aIrcraft, was men- 
tmned by seven pIlots 

L a r g e ,mprovement L” u pw a r d v,smn 
was spec,flcally suggested by 20 ptlots 
Seven of these 20 pIlots suggested some 
type of overhead wmdow 

1mpro”eme”t of oua11ty of V,SlO” 
The necess,ty for el,mmat,on of d,stor- 

tmn c au s e d by cur ve d panes and corner 
w,ndows was mentmned by e,ght pilots 

The annoyance and hazard of mult,ple 
,mages now present ,n double-pane wmd- 
sh,eld mstallatmns were llsted by 13 p,lots 

It was mentioned that thw condltmn 1s 
especially c r , t I c al when the msldes of the 
windows are d,rty 

A need for a slmpl,f,ed method for wmd- 
sh,eld cleanmg, espec,allydouble-pane wmd- 
shwlds. was suggested by 13 pllots 

Improvement of Cockp,t Components 
Inadequate de-,cmg and de-foggmg of the 

w,ndsh,eld and wmdows was panted out by 
19 p,lots as bemg a cr,t,cal problem 

Reductmn of su” glare by mstallatmn of 
c 010 red, transparent, flexible sun v,sors 
was suggested by 16 pIlots 

G 1 a r e and reflectmns on the wmdshwld 
from “armus other sources, such as mstde 
lights, outside l,ghts, and w ate r surfaces, 
v,ere mentmned as bemg obJect,onable by 18 
p11ots 

S,xp~lots desired better forward v,s,b,llty 
by removal of the clear-vls~on window where 
adequate w,ndshleld de-,c,ng equipment was 
tnstalled on the a,rplane 

Eight pIlots felt that ,t was necessary to 
have a w ,nd ow that could be opened ,n the 
event of ,c,ng to allow suff,c1ent “LSL”” for 
landing the arrplane 

Inadequate seat adJustme”t was mentmned 
by 20 p,lots Some of these p,lots stated 
that their present seat adJ”stme”t would not 
allow pIlots of different sw.e to locate them- 
selves so that they would have the proper 
v,s,“n angles and St,11 be comfortable 

Improvement ,n w,ndsh,eld w L p e r s was 
suggested by 40 pIlots In general, they de- 
s,red better clearmg ,n heavy rams. bug re- 
moval w,th water or alcohol, and more post- 
tlve pos,t,on,ng of blade when not I” use 

Improvement ,n cockp,t llghtmg was sug- 
gested by ten pilots Several suggested 
stmpler flight forms that would requwe m,n,- 
mum use of dome 1,ght 

Improvement of External Llghtmg 
Improvement of aIrport l,ght,ng was con- 

stdered de s L I ab 1 e by four p,lots Several 
stated that the green runway threshold ltghts 
cause an obJect,onable glare ,n the cockplt 

Improvement of nawgatmn or tdentdwa- 
tmn l,ghts on aircraft was suggested by ten 
p1lots Flashmg I, g ht s and more powerful 
1,ghts on all arrcraft flymg at night were gen- 
erally desued Itwas stated thatpresent 
nav,gat,on 1,ghts are not adequate durmg the 
tax,mg maneuver 

General DISCUSS,~” 

Three of the questmns relate wholly or 
part I a 1 ly to forward and downward v,s,“n 
Questmn 3 concerns forward and downward 
“ISLO” durmg land,ng and tax,,ng. Questmn 6 
concerns forward and downward v,s ,on durmg 
the most cr,t,cal maneuvers. which appear 
to be taang and stra,ght cl,mb. and Quest,“,, 
7 concerns forward and downward YW,L”” 
durmg all c”mm”n maneuvers 

The mean value of estwnatmn of adequacy 
of forward and downward “1s ton for taxr,“g, 
as g,ven ,n Questmn 7 for each arplane. LS 
shown ,n Table VII, together with the COT- 
respondmg mm~mum d,s tance ,n front of 
eacha,rplane whrch actually IS v,s,ble durmg 
tax,mg These values are plotted m F,g tl 
The resultant curve. wh,ch IS reasonably con- 
slstent. LS seen to reach the value ‘of 2 00 on 
the vert,cal scale at a distance of about 130 
feet It might be concluded that a m,n”nur” 
distance of “IS,“” of about 130 feet durmg 
tax I ,n g IS the max,murn d,stance which IS 
considered adequate by the pIlots 

The value of 130 feet determmed m this 
manner 1s not m agreement w,th the results 
of Questmn 3(b), where,” the mea” value for 
th,s drstance when est,mated dwectly ,s 32 
feet 

No means can be seen for reconc,l,ng 
the results of these two questtons If the an- 
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swers toQuest,on3(b) are constdered to rep- 
resentm,n,mumnecessaryp,s,on cond,tlons 
For example, the Constellat,on pIlots sep- 
arately estimated 1” QuestIon 3(b) as shown 
,n F,g 3. that forward and downward v,s,on 
dur,ng tax,mg should extend to with,” a ground 
dtstance of about 29 feet This same group 
of pIlots gave a mean ratlug of 2 00 (or barely 
satisfactory) III Questron 7 for forward and 
downward v~,on durmg taxlmg for the Con- 
stellation a L r p 1 an e m wh,ch the mm,mum 
ground d,stance wstble IS about 123 feet Th,s 
apparent mconststency IS present also w,th 
the other a,rplane pIlot groups ,n dtfferent 
degree 

This d,screpancy may be explamed ,f 
,t LS assumed that the answers to Questlo” 
3(b) represent, not m,n,mum sultable YELO” 
condrtmns, but an amount of v,s,on wh,ch 
would be class,f,ed as bemg excellent The 
meanvalue of 32 feet obtained from all p,lots 
,n Que s t LO” 3(b) shows that the p,lots de- 
manded more YLSIOII than the actual v,slon m 
the C onva I r 240 and Mart,” 202 a,rplanes. 
both of wh,ch received relatwely h,gh ratmg 
,I, this port,on of Questlo” 7 

In 0 u e s t , o n 6. ,t was found that the 
p L 1 o t s as a group estimated that the lower 
edge of the Douglas DC-3 wmdshleld should 
be lowered 1 22 Inches Th,s 1,near value 
corresponds to a 3’ total angular mcrease 
Inth~s questton. an esttmate of m,n,mum ade- 
quate v,slon was requested for any maneuver 
wh,ch m,ght be constdered cr,t,cal. wh,ch ,n 
the DC -3 axplane appears to be the tax, con- 
d,t,on for v,s~on ,n th,s dlrectmn 

If this angular value 1s taken L” addltmn 
to the normal lower-edge cut-off angle, and 
fuselage nose mterference LS neglected, then 
the mnnmum ground distance v,s,ble ,n front 
of the airplane decreases from 128 to 50 feet 
The 50-foot ground distance determmed m 
th,s manner from Questmn 6 1s m dtsagree- 
ment w,th the 130-foot distance determmed 
m Quest,on 7 for the mm\mum YLSIOIL condo- 
tmn However. ,t 1s ,n good agreement with 
the 32-foot distance determmed in Questton 
3 It ,s mdlcated that ,n a questmn of the 
type of Questmns 3 and 6, wherem the p,lot 
LS asked what he desires, there LS a tendency 
to askfor an amount of v,s,on wh,ch would be 
rated as excellent, even though the questmn 
may spec,flcally ask for evaluatmn upon a 
bas,s of m,n,mum adequate ws,on I” a 
questmn of the type of Questlo” 7, wherem 

the prlot evaluates ex,st,ng v,s,on wh,ch he 
now uses, there LS an apparent tendency to 
give amore conservattve evaluatton. probably 
more truly representmg m,n,mum adequate 
v,s,on cond,t,ons 

It may be concluded from these con- 
stderatkons, w,th respect to ground v,s,on ,n 
front of the alrplane durmg tar,,ng. that If 
the p,lot can see a potnt about 130 feet ahead, 
he w,ll constder the v~.,on to be adequate but 
mmlmum. and If he can see a pomt about 40 
to 50 feet ahead. he ~111 consider the vls,o” 
deswable and excellent 

Quest,ons 3 and 7 both relate partially 
to the landmg condItto” It was shown ,n 
d,scuss,on of Questlo” 7 that the average p,- 
lot des,res to see wlthm a forward distance 
of about 130 feet durmg landmg ,f he 1s to 
class,fy the forward and downward v,s,on as 
be,“g barely adequate In Questmn 3, It was 
shown that the mea” value d,rectly evaluated 
for th,s d,stance 1s 75 feet No ready explan- 
atton for this dtscrepancy can be seen, ,f the 
d,fference LS to be constdered a d,screpancy 
and not s,mply w,thm the l,m,ts of accuracy 
of distance Judgment 

In prev,ous dlscussmn, ,t was shown 
that the comparable d I s tan c e est,mated in 
Questmn 3 for tax,,ng probably represents 
an amount of v,s,on wh,ch the p,lots con- 
stder excellent The same 1s true ,n the case 
of the land,ng condttmn where the distance 
esttmated mQuestlon 3 ,s less than that found 
,n Questmn 7 as bemg barely adequate 

It may be concluded that forward and 
downward v~,on to wlthm a ground distance 
of 130 feet 1s considered barely adequate, 
and to wlthm 32 feet LS constdered excellent 
for both the landmg and tax, att,tudes 

In summary of the problem of VLSLOII ,n 
a forward and downward dIrectton, ,t 1s ap- 
parent that the positton of the lower edge of 
the wndshleld and the attitude of the arplane 
durmg taxtmg. landmg. and cl,mb,ng are the 
co”trollmg fact 0 r s In atrcraft w,th rela- 
t,vely hxgh rate of cl,mb. and w,th trwycle 
landmg gear whxh permits relatrvely level 
1 and I” g and taxLmg attdudes, the cl,mbmg 
maneuver becomes crltxal for forward and 
downward v,slon In cltmbmg attitude, ,t LS 
desired bythe p,lotto see a mlnlmum of about 
8” below the hor,zon, or 15” to 20” below the 
hor,eon for excellent v,s,on 

The relat,ve ,mportance and necess,ty 
for Y LS ,on at different aa,muth angles 1s a 
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d,rect or ,nd,rect factor ,n s eve r al of the 
q”estlo”s Cons,derat,on of these quest,ons 
together ,s necessary ,n order to secure a 
complete answer 

ltwas ,nd,cated fromthe results of 
Ouestmn 9 that the w,ndsh,eld’area wh,ch IS 
ut,l,zedfor makmg cr,t,cal Judgments durmg 
landmg. wh,ch probably 1s the maneuver re- 
q”,r,ng the most accurate judgments, extends 
over an angular range approximately 12’ on 
each s,de of the forward d,rectwn In Ques- 
t,on 8, ,t was ,nd,cated that ,n the wmdshleld 
area w,th,n apprmnmately 60” on each stde of 
the forward d,rect,on the v,s,on LS cr,t,cal 
when allmaneuvers are cens,dered The re- 
sults of the questmn show that v,s,on ,n the 
f,rst 30’ from the forward d,rect,on LS par- 
tlcularly cr,t,cal, and that YELO” ,n the 30” 
to 60’ ae,muthrange LS of less but strll great 
,mportance 

W,th regard to the l,m,t of rearward 
v,s,on, ,t ,s shown ,n Questmn 6 that ,t ,s 
deswable to extend the rear edge of the s,de 
wmdow of the Douglas DC-3 a,rplane back- 
ward about two rnches to provtde m,n,mum 
su,table v,s,on If th,s were done, a rear- 
ward cut-off angle of about 135” would be ob- 
tamed, as measuredfrom the forward d,rec- 
t1on 

Th,s rearward llmtt of about 135” as 
defmed for the Douglas DC-3 airplane may 
not apply exactly to other atrcraft An add,- 
t,onal factor wh,ch should be considered ,s 
thedlstance of the seat from tke s,de wmdow 
and the resultmg ab,l,ty of the p,lot to look 
rearward by movmg h,s head closer to the 
w mdow In an a,rcraft v,th a greater d,s- 
tance between the seat and the side wmndow. 
the rearward cut-off angle of 135”would 
have to be ,ncreased to prov,de the same ef- 
fect,ve rearward v,s,on 

In a cockpit of normal des,gn. w,th the 
pilot and coptlot s,tt,ng stde by stde, ,t 1s 
obvmusly ,mposstble to secure symmetrxal 
YISIO~ from one seat If only a forward area 
andone s,deof the cockp,t are constdered for 
each p,lot. then the followmg general v,s,on 
zones m,ght be defmed 

Zone 1 -A 60’forward aa,muth sect,on 
d,rectly ,n front of the p,lot on both stdes of 
the forward d,rect,on LS of f,rst ,mportance. 
and should have h,gh-qual,ty v , s IO” and no 
obstruct,ons 

Zone 2 -A 30’ segmentextendmgfrom30” 
to 60’ from the forward lme on one s,de ,s of 

second Importancd, but stall. ,n p,lot opm,on. 
should have h,gh-qual,ty v,s,on and no obstruc- 
t1ons It m,ght be assumed that some com- 
prom,se would be acceptable m th,s zone 

Zone 3 - A 50’ segment extendmgfrom 60” 
to 110” fromthe forward lme on one stde 1s of 
th , r d ,mportance In th,s segment, sl,ght 
d,stort,on and thm obstructmns are perm,s- 
s tble 

Zone 4 - A 25” s e gme nt extending from 
100” to 135’fromtheforwardlme on one stde 
,s of fourth ,mportance In th,s segment, 
sl,ght d,stort,on and th,ck obstructmns are 
perm,ss,ble / 

The- def,n,twns for such zones ane-,nY,+,,,S$ 
tended to relate only to general ,mportance 
of v,s,on, ,n so far as ,t can be l,m,ted to 
az,muth angle alone and dwregard vertical 
extens,on of v,s,on It LS apparent that ver- 
t,cal extensmn of v,s,on also ,s ,mportant, 
but th,s has been constdered separately 

The p r act ,c a 1 problem of prowdrng 
good v,s,on to the r,ght-hand s,de for a p,lot 
s,tt,ng ,n the left-hand seat ,s a d,ff,cult one 
It m,ghtbe assumed, 9 a p&at were prowded 
w,th adequate v,s,on ,n the four zones already 
defmed, extending from 30” r,ght to 135” 
left, that constderably more than 50 per cent 
of necessary v 1 s ,on has been provtded and 
that the remarnmg segment to the r,ght has 
less ,mportance In part,al corroboratmn of 
thrs assumptmn, ,t was shown by the results 
of Questmn 7 that, altho”ghv,s,ontothe r,ght 
,s constdered madequate mmost of the present 
a,rcr+ft. mthe case of the Conva,r 240 v,s,on 
to the r,ght from the left-hand seat IS con- 
stdered adequate for all maneuvers, even 
thoughthe amountof rrght-hand v,s,on ,s con- 
s,derably less than the amount of left-hand 
v,s,on Th,s partially contradicts the results 
of Quest,on 8, where ,t was shown that almost 
equalqual,tyof v,s,on and lack of +struct,on 
LS des,red on both s,des 

T h , s apparent contradxtmn m,ght be 
explamed by the presence of recogn,t,on and 
acceptance ofpract,call,m,tat,ons ,n answers 
to Quest,on 7. and by the more abstract na- 
ture of Quest,on 8 

It may be concluded generally, w,th re- 
gard to ws,on to the r,ght from the left-hand 
seat, thatsuch v,s,on LS considered basxally 
to be of almost equal ,mportance to corre- 
spondmg left-hand Y IS ,on, but w,ll,ngness 
ex,sts to accept part,=1 compromwe 
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Fig 12 Example of Combmed Vwual Requxements Showmg Vlsmn Llmrts Correspondmg to 
PIlot Ratmgs of Adequate and Excellent in Transport Awcraft 

COMBINED VISION REQUIREMENTS 

The esttmates made by pilots I” the 
dlffe rent questIons for ws~on m vai-lous 
dxectrons of sight may be combmed Into one 
general and coordmated set of requtrements 
An attempt has been made to do thts m Fig 
12 DlsagreementexLsts between the results 
of various questIons so that some degree of 
arbitrary judgment and cornpromIse was 
n e c e s s a r y m determmatlon of the various 
angles of lrmltmg VLSLOII Also, assumptions 
were required regardmg cockpit d,menslons 
and awplane attitude m dtfferent maneuvers 
These factors Introduce variables for which 
allowance must be made in appllcatron of the 
results to any speclflc arrcraft arrangement 

In the derlvatmn of Fig 12 Lt was as- 
sumed that the prmclpal cockplt dlmensmns 
and airplane attitudes are similar to those of 
the Convair 240 airplane The cru,se and 
taxr attitudes. therefore, are closely rdentl- 
cal The v~slon cut-off llmlts shown are 
based upon head rotatton through the various 

aelmuth angles wtth the eyes ftxed relatrve 
to the head Thw system of measurement 
results I” more apparent vision through the 
left-hand side wlndow, and 1s used I* place 
of angular me as ur ement from one fxed 
pomt because It LS believed to correspond 
more closely to true condltmns and because 
some of the questlonnatre results are mter- 
preted m thw manner 

The cut-off angles shown in F,g 12 are 
determmed prmclpally from the r e s u 1 t s of 
QuestIons 6 and 7 However. the results of 
Questions 3 and 10 also were utlltzed 

Twooutlines are shown m Fig 12. one 
ofwhxh corresponds to the approxrmate con- 
dltlon of mmlmum but adequate vision The 
other out 1 In e corresponds to the mmlmum 
amountof v~s~onwh~h would be classified by 
the pIlots as bemgexcellent It IS recognized 
that these classtflcatmns are not precise, 
and that some degree of arbitrary Judgment 
must enter in the mterpretatlon and recon- 
clltatlon of the results of the different ques- 
tlons, but It LS be 1 leved that the outllnes 
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Shown in Ftg 12 fawly represent the opm~ons 
of the pilots as expressed I” the questmnnalre 
The C onva or 240 cockpIt wmdow arrange- 
ment, when plotted m a slmllar manner for 
c o mp a r IS on, shows an outline which falls 
closely wtthm the outlmes for the excellent 
condrtmn, m Fig 12, for all VIS eon to the 
left side and m a forward and upward dlrec- 
t1on The outlme for the Convair 240 falls 
slightly wIthIn the outllne for mInImum but 
adequate VLS LO” m the forward and downward 
dIrectIon and for Y L s LD n through the rrght- 
hand srde wmdow The pilot ratmg for thrs 
awplane generally was very hrgh, and was 
defmltely h L g he r than for any of the other 
aIrcraft constdered. but was a mmlmum m 
the forward and downward dIrectIon and for 
vision to the right-hand stde 

If the outlmes shown m Fig 12 are to 
be constdered from a practwal standpotnt. 
the problem of verttcal post 1ocatLon must be 
Introduced There are shown, I” conJunctIon 
with the two outlmes. the ranges of azrmuth 
angles of sight III which obstructmn due to 
p o s t s 1s permwstble, as determmed from 
Questmn 8 

In practxal destgn the ellmmatlon of 
posts in the azimuth angle sector from 0” to 
30” left might be accomplished only by ellm- 
matton of the usual clear-v16 lonwmdow, whrch 
has been done m some alrcraft It would ap- 
pear dlfflcult to ellmmate posts in the azimuth 
sector from 30” to 60” left LII a conventmnal 
type of design As mentroned m prevtpus 
dlscussmn. although the results of Questmn 
8 showthatnoposts are desired mth~s regron. 
lt was mdlcated further that thrs sector has 
less Importance than the sector from 0” to 
30’ left At azimuth angles greater than 60’ 
left, posts of different thickness are permls- 
sable and the post problem LS slmpltfled 

The conclusmns of Questmn 8 relatmg 
to quality of Y I s 10” through the glass also 
should be consldered m the present general 
appllcatlo” It was shown by the results of 
Questmn 8 that htgh-qualrty v~slon 1s desired 
be tw e e n the forward dIrectIon and a side 
azrmuth angle of 75” At azimuth angles 
greater than 75” mmor dlstortron LS perm~s- 
s tble Accomplishment of thrs objective in 
practical design probably would mvolve the 
us e of hrgh-grade gl a s s panes whtch are 
mounted in a pos~tmn to avold acute angle of 
sight through them III the azimuth sector 
from 0’ to 75” 

Some questmn might arose whether the 
vwloncharacterlstlcs shown m Ftg 12 could 
be secured in practrce, where conslderatlon 
must be gtven to many other practxal factors 
relatmg to cockpit arrangement Although 1x1 
such circumstances compromrse of all factors 
commonly 1s necessary. It IS noted that m 
severalmodern alrcraft designs. most of the 
important requtrements shown m Fig 12 
have been closely met, and that further Im- 
provement might have been o b t a in e d wxth 
mmor change m the orLgma1 design 

The requxrements illustrated mF~g 12, 
and covered m the prev,ous dlscussmn. are 
not constdered III any sense a fmal answer to 
the cockplt v~s~b~l~ty problem The questlon- 
na~re method of mvesttgatton has baste weak- 
nesses which lead to lack of prec,sLon and 
need for arbttrary mterpretatton This meth- 
od also cannot reveal basvz prmclples whwh 
are necessary for complete understandmg of 
the vision p r o b 1 em. as, for example, the 
actual visual cues unconsciously used by the 
pIlot m performance of vartous maneuvers 
However, It LS bellevedthatthe results of the 
questmnnalre have strongprovislonalvaltd,ty, 
and, ,n part,cular. that an awcraft cockprt 
wmdow arrangement. UI agreement with the 
outlme for the condrtlon of excellence shown 
m Fig 12. would be classlfled as provldrng 
completely sattsfactory and excellent YISLOIL 
by the average awlme pllot 

CONCLUSIONS 

1 The data secured from the 1,342 com- 
pleted questmnnatres obtamed from atrlme 
pLlots are reasonably consistent. and defmlte 
conclusions can be derived Small dlsagree- 
ment exists between pilots wtth dtfferent 
amounts of expervsnce More disagreement 
on general problems LS found between pdots 
flymg different a L r c raft models, and such 
difference of opm~on probably LS associated 
with v LS LO” characterlstws of the alrplane 
model to whrch the pilot 1s accustomed 

2 The importance of vlslon from the 
qualltystandpomt decreases wdh mcrease of 
azrmuth angle measured t r o m the forward 
dIrectIon The aelmuth angle sector from 0” 
to 30’ each side of the forward dlrectmn 1s 
considered most Important by the pilots. and 
the sector from 30” to 60” LS considered of 
second Importance In both of these sectors 
high-qualltyvlslon. wlthout post or other ob- 



structlon. LS consIdered desirable 
3 Vwmn III a forward and downward 

dwectlon LS rated of mmlmum but adequate 
amount If the pilot can see the ground to with- 
1x1 130 feet forward of the alrplane durmg 
land ,ng and taxLmg. and rf v~s,on extends 
about 8” below the horizon durmg strarght 
climb Correspondmg values for an excel- 
lent ratmg are approxtmately 32 feet and 15” 
respectively 

4 Vlslon in a forward and upward dlrec- 
tmn IS cttlcaldurmg gltdmg-turnand landmg- 
approach maneuvers The results obtained 
for this condition are mdecwlve. but lt IS 
mdvzated that the VISLO~ cut-off angle of the 
upper edge of the wmdshwld should have a 
mmlmum value of about 13” to be consIdered 
adequate Durmg landmg approach lt 1s de- 
slred by pIlots to see at least up to the horl- 
zon. fromthe standpomts of visual Judgments 
and seemg ground obstructions 

5 Vls~on m a left-hand upward dIrectLo” 
IS most Important durmg gltdmg turns The 
VLSLO~ cut-off angle m this dtrectlon should 
have a mmlmum value of about Zl’, with the 
head rotated to the left, to rece,ve a prlot 
ratmg of mmtmum but adequate The effect 
of distance betweenthe seat and side wmdow, 
and the effect of ad d it LO n a 1 head and body 
movement. appear to be particularly Lm- 
portant for v~51on to the left stde 

6 Adequacy of v 1s 10” to the right side 
from the left-hand seat apparently LS related 
to the total solld angle of YISIO” avatlable I” 
that dlrectmn A mmlmum value of about 
0 14 sterad,ans appears to be requwed for a 
ratmg of adequate, and a value of about 0 20 
steradlans 1s required for a rat III g of ex- 
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cellent 
7 V~sron in a left-hand rearward dlrec- 

tlon should extend to an aelmuth angle of about 

135” from the forward dIrectIon to be con- 
stdered excellent This amount of ws~on 
should be o b t a 1 n e d with head rotat,on but 
wIthout extensive body movement 

8 A maJortty of pllots desrre to see the 
wmg trps, propellers, and en g in e nacelles 
wrthonly moderate head and body movement, 
and to see the maln landmg gear with maxI- 
mum 1rmLtmg movement of the head and body 

9 The fmal approach. gltdmg turn, and 
tax, maneuvers are constdered most crrtwal 
from the standpornt of VISLO~ requwements 
by the largest number of prlots 

10 The results obtamed from the ques- 
tlonnalre arenot constdered a complete solu- 
tlon to the problem of vlslon requwements 
However, applrcat,on of these results should 
permit reasonable predIctIon of pilot evalua- 
tmn of cockpit VLSLOIL characterlstlcs. and 
such evaluation probably 1s closely related 
to true adequacy of vision from the safety 
standpomt 
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PILOT QUESTIONNAIRE ’ 
ON 

COCKPIT VISIBILITY IN TRANSPORT AIRCRAFT 

The Offlce of Techmcal Development of CAA 1s conductmg a proJect 
for the Improvement of cockpit vlslbillty m transport aircraft. The ultimate 
ObJectlve of the proJect IS to establish standards of cockplt vlslblllty which 
~111 be consistent with adequate operatmg safety. 

rhe prmclpal factor mfluencmg cockplt vlslblllty 1s consldered to be 
the &rectlons of the angles of sight or field of vlslon through wmdshleld 
panels and cockplt wmdows from the normal pllot eye position, with con- 
slderatmn of the alrplane ln different maneuvers. Another Important factor 
IS the obstrudtlons and distortIon allowable at different angles of sight. 

One of the most important aspects of the program consists of evaluating 
the Ideas of the operatmg pllots concernmg these visibility problems. Smce 
it 1s obvious that the best Judges of the quality of vislblllty 1x1 cockplts are 

the pllots themselves, we are callmg upon you to supply us with the necessary 
basic mformaatlon on which an analysis can be made. Such an analysis ~111 
permit a quantltatlve evaluatmn of the present designs and the possible es- 
tabllshment of quantltatlve standards for futui-e designs. 

The success of this cockplt vlslblllty study IS dependent upon your re- 
turnmg this questmnnalre as soon as possible with all the questmns completed. 

The Air Lme Pilots Assoclatmn and the alrlme compames have given 
their approval to this prolect and urge that you fill m the questlonnalre. 
They, as well as the CAA, are Interested m nnprovmg the safety standards 
of commercial flying. 

Your response ~111 be strictly confldentlal, and will be used only for 
analytical purposes by the CAA. No one else 1s authorized to see your 
answers or to use the mformatlon for any other purposes. Your slgna- 
ture is not necessary. 
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NOTE: IT IS RECOMMENDED THAT YOU READ THE QUESTIONNAIRE OVER 
THOROUGHLY, FLY A “TRIP” WITH THE QUESTIONNAIRE IN MIND, 
AND THEN FILL IN THE ANSWERS. 

1. 

2. 

3. 

(a) How many years have you been flymg m clvrl transport alrcraft of the type 
not older than the Douglas DC-37 (Do not mclude mllltary experience.) 

Number of years (wil) n 

(b) How many hours (cwll) have you flown arrcraft of such type? 

Number of hours El 

What 1s your present classlhcation? 

1 0 Captam Instructor Pilot 

2ElR 
eserve Captam * 

21 
Check Pllot 

3 0 First Offxer 3 j-J SP u ervlsor of Flight Personnel 
(Includmg Chef PIlots k Ass%.) 

ngmeerzng Pllots & Test Pllots 

How close a distance m front of the arrplane (distance ‘Id” m hagram) should a 
pllot be able to see the ground under the followmg condltlons? 

(a) Durmg landmg at Instant of touchdown, feet. 

(b) Durmg taxlang, feet. 

DISTANCE TO BE JUDGED 



4. 

5. 

(4 

(b) 
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Do you conslder It necessary from an overall safety standpomt to be able to 
see any external portlon of tbe alrcraft from the cockplt? 

1 0 Yes 

2 0 No 

If your answer was “yes” to part (a), check the boxes below, rndlcatmg the 

portions of the alrplane which you feel must be seen and the amount of head 
and body movement which IS permlsslble m each case. 

Wang Tips 

Moderate 
Movement 
of Head 

and Body 

Engme Nacelle 81 Propeller 1 

Mam Landmg Gear 

Other (Specify) l u 

Maximum Possible 

Movement wth 
Seat Belt 
Fastened 

^. ‘3’ 

or 
21 

or 
2I 

or 
20 

or 
21 

Place a check mark m one of tbe boxes below mdlcatmg the partrcular maneuver for 
which you feel maxnn=lslblllty from the cockplt 1s most urgently required. Do 
not consider lnmted vlsiblllty due to atmospheric condltmns. - 

III 
1 Taxing 

I 
2 Take-Off Run 

3 Straight Clrmb 

I 4 Crulsmg 

I 
5 Level Turns 

I 6 Straight Glide 

I 7 Glldmg Turns 

I 8 Fmal Approach 

9 Landmg 
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6. In order to evaluate the adequacy of vnxblllty of a Douglae DC-3 airplane with re- 
gard to the mtnunurn walbillty that is required for safe operation of the aircraft, 
a sketch of a Douglam DC-3 cockpit is shown below. Five edges of the window and 
wmdshield that restrict vwmn on one side of the cockpit sre labeled for ldentrflcatlon 

purposes. 

First, evaluate edge A, consldermg only the particular maneuver during which vis- -- 
lbllxty limlted by this edge 1s most critxal. Place a figure m the box near side A 
to mdlcate the movement, ;n aches, of this edge which you consrder ~111 permit 
adequate, but mwnmum. vlslblllty III tius dlrectmn for the crltlcal maneuver con- 

srdered. 

If you belleve the wmdow opemng at edge A 
should be mcreased to provide adequate, but 

mmun-7 vlslblllty, write the number of Inches 
m the box preceded by a plus (t) sign. 

If you belleve the wmdow openmg at edge A 
does, at present, provide adequate, but nxnl- 
mum, vlslblllty, write zero (0) m the box. 

If you belleve the wmdow openmg at edge A 
could be decreased and still provide adequate, -- 
but mmmxum, vlslblllty, write the number of 
Inches 1x1 the box preceded by a mmus (-) sign. 

Then, evaluate edges B. C, D. and E m the .same manner 8.s you did edge A. 

Please fill in all boxes. 

El 

Edge C 

I 

Edge D 

In evaluatmg Edge B 

assume that the nose can 
be modified so that It 

I 

Edge E 

SIDE VIEW OF DC-3 COCKPIT 
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7. (a) In what model amcraft are you now domg most, or all, of your flying’ 

1 n DC-3 5 0 Convair 240 

2 0 DC-4 6 0 Martm 202 

.I/ I , 
“4 3 0 DC-6 7 0 Boemg 307 

, 
, ’ 41 Constellatmn 8 0 Other (Specify) 

L ,’ 

(b) How many hours have you flown m this arcraft? n hours 

(c) For the model you have mdlcated above. please clesslfvztbe vlslbllltv for the _ -/ 
maneuvers and dlrectmns shown m the followmg table. This classlflcatmn 
should be made on the basis of adequacy of wmdshleld area and angles of sight 
from the left-hand seat m the cockplt 

The numbers of classaficatmn to be used are 

1 - Vlslblllty excellent, no unprovement deared. 
2 - Vlslblllty adequate. some mprovement desirable, 

but not mandatory. 

3 - Vlslblllty not adequate. unprovement strongly desired. 

Fill III every space XI the table below wrth the number you thmk classlfles the 
vlslblllty of this alrcraft for each maneuver and dlrectmn mdlcated. 

UPWARD 
TO FRONT 

DOWNWARD SIDEWARD 
TO FRONT 
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‘a 
I ( 2, 7. (d) If you mdlcated in 7 (a) that you now do most of your flymg m a Douglas DC-3, 

omlt the rest of question 7 and go on to question g, 

If you now prunarlly fly a model other than a DC-3. please answer the remamlng 
parts of this questuxn 

(e) How many hours have you flown m a DC-37 

Number of hours 

0) The table below IS srmllar to that shown m (c), but pertams to the DC-3 only. 
Fill m every space with the above numbers classlfymg the vlslblllty for the DC-3. 

TO FRONT 
DOWNWARD 

TO FRONT 
SIDEWARD 

(From left seat: 



a. 
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Thereare grvenbeloa two charts(AapdB)tobs used for estimatingthe qusIxty of 
~Is~rtdiHerentlateraI directions of sightwbch youfeelis necessary for safe 
operatinoftbe aircraft daring aIlmanenvers. Chart A 1s concerned mthwmdshxeld 
andwindow distortionsndChartBis concermedarthobstlvctions inthe cockpit. 

Twodiagrrma ofco~i~are~o~~~radiallines emittmgevery30*fromthe 
left-handpilot's position. Betweeneach radialline 1s aboxinwhlchyour evaluatmn 
ofihatregionshopldhe entered. Ratmg scales tobeusedforyonr evaluatmns are 
shown for each chart. 

(a) CbrtA --Windshieldand WindmvDistortion 

Enter in each box between the radial lines the number h, the "Distortmn Ratuhg 
Scale" which describes bestthe quality ofvismnyooccmsmier necessary in 
aat region. It 

\ q FL q / rndhi0n Ratingscale 

q 30’ 
QuaIityofvision required suchas that 
providedbyhigh-grede.polishedplate 

Q~~ofvislonsnitablesurhastbat 
provi&dbypoIishedpIategIassbut 
withminor defects or distortwm. 

(b) ChartB --ObstractmnsiutheCockpit 

Enterineacbboxbe~eentheradialliPestbenumberurthe 
"ObstructionRatingScaIe" whichbestdescrlbes the vismnyon 
considernecessarymtbatregion. 

\ q F5!; q / 

ObstructmnRatmg Scale 

l+No obstructions perrmssible. 

Moor obstructions pernusslble, such 
tbrn posts,@-I/2" -de or smaller) 

obstructmns perrmsslble, such 
as unde posts, (greater than I-1/2") 
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9. hagme yourself in the cockpit of an arrplane whose wmdshwld 1s 12 mches from 
your eyes. The wmdsbeld and wmdows are entirely blacked out except for a vertacal 

slot or cleared space on tbe wmdsbxeld dwectly ahead of you. You are on final ep- 
proach for landmg. What mlaunum wdtb do you belleve that tbe slot or cleared 
space must be for you to see a suffxlent amount of terrain to make the necessary 
accurate Judgment needed for routme safe landmgs? 

Do not consider angles of v1slon requwed for searchlag tbe sky for other alrcraft. 

M~uunum waldtb of slot rYzq 

10. In order to evaluate the forward and upward angle of vlslbrllty needed to make ac- 
curate judgments and see obstructmns durmg tbe fmal approach phase of a landmg 
at approximately 400 feet altitude, four statements are made below. Enter a check 
mark m one box opposite the statement you feel most accurately states the muumum 
upward vtslblllty reqrurements consistent wulth normal safe opera&m of the allcraft. 
Check only one. 

1 0 (4 It IS necessary to see only approxunately the farst half of 
the runway, and not beyond tbe mldpomt, durmg tbe final 
approach. 

2 0 b) It IS necessary to see only to tbe far end of runway durmg 
the final approach. 

3 u (4 It IS necessary to see all of the runway and up to the horizon 
of the earth (assummg terrain IS level) during the fmal approach. 

4 u (4 It 18 necessary to see above tbe honeon of the earth durrng 
the fmal approach. 

If you have checked (d), mdlcate 1x1 the followmg box tbe 
number of degrees vislbtllty above the horazon that you 
feel IS necessary. 
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11. During your service as an amline pilot, has madequate cockplt vrslbility ever, m 

your opnnon, been the whole or partial cause of any accldent, or near accldent, 

that you have expenenced? If so, please describe each experience brlefly below. 

Use back of tbls page, If necessary. 

If answer to questmn 11 IS “no” please check here. 

12. Do you have eny addltmnal general comments, or other factors to suggest, which 
mfluence the problem of cockpit vlslblllty? 


