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COCKPIT VISIBEIm REQW FOR 
AFNY LLALSOIB-EECONNAISSANCE-!I"E AIWLNES 
PART I - PILOT OPIWOIB A€iD ML!ZRAITCE STUDY 

SUMMARY 

A questionnaire concerning cockpxt vls ibi l i ty  in Axmy llafson- 

aircraft. Three hundred sixty-srx of the  questionnames were completed end 
reconnaissance-type aircraf% was bstr lbuted t o  2,334 Arm;y p l lGts  who fly such 

returned 

were not  cognizant of the i r   ac tua l   ns ib l l i ty  needs due t o  the satisfactory 

They  were unable t o  provide quantitative responses t o  questions concerning min- 
quality of v i s ib i l l ty  provided by the  aircraft  they  fly; namely, the L-19- 

inmu vmibi l i ty  requirements vith a reasonable degree of conafstency.  Therefore, 
the contmued use of the  questionnaire was limited  to  the  qualztative eva.luat;on 
of the  f ield of vision provlded by %?le L-19 airplane. 

It had been determined during bnitial investigations  that  the  pilots 

I supplement the  jnforaation on the vx.ibi1xt.y of the L-19 and t o  provlde a basis 
A reduced visibility  tolerance stu* was conducted with 11 palots t o  

for judging the  qualitative responses  secured  through the  questlomame. 

Results of the  analysls of the questformalre study and the reduced 
visibility  tolerance study provide a basis  for  determinh  specific n s i b x l l t y  
requirements. These include mFninnnn adequate vision cutoff angles and acceptable 
post  locations. Minimum adequate v i s u a l  cutoff angles forward are  17" down and 
30" up, at 90" t o   t h e   l e f t  o r  right (symmetrical eockpi'c assumed), 45" down md 
8" up, s s s m i n g  provlslon is made for  viszbfllty above the high wing obstme~ion. 
The dniitum adequate azmuth  cutoff  angle i s  130". The results are not  considered 
to  be a fmal  solution  to  the  cockpit   vlsibil i ty problem, bnt  offer a useful glaide 
to   the amount snd quality of visibility which will be considered  acceptable by 
the  pilots. 

INTRODUCTION 

During recent  years,  the vlsual  characteristlcs of aircraft cockpits 
as deterrmned by window s u e ,  type, and locatlon have  been receaving  ancreased 

midair collisions end a desire  to  establlsh standards of adequate vrs ibl i i ty  te 
attention. Such attention  has  arisen  as a result of the Increased danger of 

be applied to   the design of new aircraft. 

The CAA Technical Develcpnent Center (TDC) has Investigated  the problem 
of visibil i ty,   as it exists  in  transport-type  aircraft,  smee 1948. Techueal 
information w a s  obtalned  through an alrllne  palot  questlomarre s'tudy,l a p ~ l o t  

Study on Cockplt Visibility Problems," GAA Techmcal  Development Report No, 123,, 
September  1950. 

keorge L. Pigman and !Bornas M, Edwards, "Afrlme Pllot Questionnaire 
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eye-mvement  studyJ2 a collislon-course  study,3 9 development of a binocular 
vision  camera for record-  cockpit n s u l  angles. IFRe studies edmLnated in 
the  publication of recomaendations for cockpit visibility standards for transport- 
type  aircraft in Februexy 1956.5 Later, a similar  program  vas  undertaken by TD6 
under  the  sponsorship of the  Department of the Army, Office of the CMef of Amy 
Trwsportation,  to  investigate  visibility  requirements for flxed-wing, liaison- 
reconnaissance-type  aircraft. 

Efforts to  establish  cockpit  visibility requements have  been  limited 
due  to the complexity of the  problem  resulting fromthe great  number of fnter- 
acting variables  which, in mst cases,  cannot be separated.  Bowever,  it was 

reduced  visibility  into  quantltative  cockpit  visibility  requirements. 
I found possible to translate  pilot opimons and thelr  degree of tolerance  to 

covered by t h i s  report represent a first approach  leading toward the  establish- 
ment of U i t q  standards  for  windshield  size sad quality and m e  considered as 
suppmng contnbutory  data and not a flnal  solutlon  to  the  problem. 

The pilot  questionnaire tuad reduced visibility  tolerance  studies 

GEMERAL BACKGROUND 

Aircraft  Data. 
The m ' s  fixed-wing, hason-reconnaissance aircraft  presently is 

typified by the  Cessna  L-19 " B i d  Dog," shown in Flg. 1, which has  been  oper- 
ational  since 1950. A high-whg mnoplme, the L-l9 seats a pilot  and an ob- 
servex  in  tandem.  The  powerplant  consists of a 213-B~~ Continental six-cylmder, 
flat-opposed,  air-cooled ergme. Further  specaflcations  include: 

Movements During Visual  Flight Conditions," CAA Technical  Development  Report 
No. 179, January 1952. 

%mnas M. Edwards and Wayne D. Howell, "A Study  of PilotsB  Eye 

%ape D. Howell and !l?homs M. Edwards, "Determination of Some Geometrx 
Relatmnships  Pertaining  to  Cclllsion Fllght Paths," CAA Technical  Develcpment 
Report No. 259, June 1955. 

Cockpit  Visibility  Limits," CAA Technical Development R e p o r t  No. 153, January 1952. 
'Thomas M. Edwards, "Development of an Insttrument for Measurmg AS%cr& 

Vislbility  Standards fo r  Transport-Type Aircraft," GAA Technical  Development  Report 
No. 275, February 1956. 

5!Phomaa M. Edvards and Wayne D. Howell,  "Recommendations on Cochplt- 
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Dimensions : 
Span - 36 feet 
Length - 24 feet ,  11 1/2  inches 
Height - 7 feet, 6 lnches 

Heights and Loading 
Weight  empty - 1,498 pounds 

Weight loaded (maxuam) - 2,430 pounds 
wing 10- - 12.1 pounds/squaxe foot 
Pwer load- - 11-05 poundsfiorsepower 

Weight loaded (normal) - 2,200  pounds 

Performance: 
Maximum speed - 130 mph 
Cruising speed (29  per cent power) - 104 mph a t  5,000 feet   al t i tude 
S t a l l i n g  speed - 54 qph 
Initial rate of climb - 1,485 feet  per minute 
Service  ceiling - 22,900 feet 
Cruisjng range - Boo rmles 
Takeoff distance over 50-foot obstacle from grass - 560 feet 
Land- distance from 50-fmt  altitude on grass - 600 feet. 

Existing  avallable  visibillty In the A r q  L-19 for the average eye 
locatlon is shown in Fig. 2. The photograph was taken  with  the TDC binocular 
vislon camera which records  the  true field of view of a pi lot  sc-n@l the 
horizon wlth simple head rotation. The result-  outllne  describes  cockpit  visi- 
b i l i t y   l h i t a t i o n s  based on eye movement and smple head rotation i n  a horizontal 
plane.  Figure 2 should not be used t o  determine absolute  limits of foveal vislon 

with  vertical head rotation,  as shown in Fig. 3. Normally, a pxlot can be expected 
i n  any direction,  since  the  pilot8s vfewpoint and nsual cutoff  angles will c?m.nge 

Beyond 15', head movement m t  be considered. !The difference between the  true and 
t o  w e  eye movement only t o  15" i n  any directlon from the  centroved  position. 

apparent vis& cutoff  angles is a function of the elevation angle and the  dlstance 
from the   pi lot ' s  viewpoint t o  the vnndshield. The true  cutoff  angle always mll be 
smaller  than  the  mgle  presentd i n  Fig- 2, the  difference between these  angles 

b i l i ty ,  it must be remembered that the  spherical lfmits are  proJected on a grid 
increashg numerically  with  increasing  elevation. When judging areas of visl- 

therefore  decreases  with  increasing  elevation above and below the  horizon. A 
sirmlar t o  a Mercator projection. The area  Intercepted by the  true  solid  angle 

table of solid angles in s t e r i d i w   f o r  each mncrement of elevation is presented 
in  Fig. 2 to  facilitate  appreciation of avadable  visibil i ty.  

Wissions. 

present prlmarJT missions which liaison-reconnaissance fixed-wing aircraft  may 
be espected t o  accomplish are: 

The missions of Amy aviation  are numerous and ever-changing. The 
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A.  Infantry, Armor, and Artillery. 

1. Obsersatlon - adjustment of fire. 
2. Reconnaissance and survey. 

4. Aerial  photography. 
3 .  C o n m a d  liaison. 

5. LMted resupply. 
6. Wire-laymng. 

8. Battlefield  illumination. 
7. Column control. 

9. Propaganda  diatrlbution, 
10. Radio  relay. 

B . Engineers. 
1. Command control and project  supervision. 
2. Reconnaissance  for  roads,  brldges, and other  construction. 
3. Survey and mapping. 

C.  Medical Corps. 

1. Medical  resupply. 

D. Signal Corps. 

1. Wire-laying. 
2. Aerial  photography. 
3 .  Reconnaissance and patrol  of  wire  routes. 

E. Transportatxon Corps. 

1. Limited  resupply. 

There  are  certain  basic  flight  maneuvers  peculiar  to  aviatlon,  such 
as the  short-field, maximum-performance takeoff and landmg over a 5O-foot  barrier; 

picbup and drop. 
formatxon flylng; high- and low-level landing field  reconnaissance, and message 

Cockpit  visibility  requirements  for a particular type  of  aircraft vary 

All requirements  for a glven nusslon or  maneuver,  however,  can  be found in one or 
according  to  the  nature of the miasxon or  missions and associated  flight  maneuvers. 

more of the following basic  requirements  for  cockpit  ?nsibxlity' 

1. For ground navigation (tsxling)- 
2. To break  contact nth the ground (takeoff) 

4. To prevent  midair  collisions. 
3. To malntain equilibrium. 

5. For aerial  navigation. 
6. For observation  of  ground  detaxls at close  proxirmty during flight. 
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7 .  To prevent  Inadvertent  contact mth the ground and Its  associated 

8. To re-establish  contact  with  the  ground (landmg). 
obstnctlons dwmg low-level  fllght. 

Procedure. 

previously in the  transport  aircraft  study. A prestudy  procedure  then  was  con- 

of  the  questionnaire  by  groups  of  ten Army pllots  picked  at  random, n t h  each  ques- 
ducted nth the  questionnaire.  This mvolved completion  of  progressive  revisions 

tion  being  discussed,  through mtemlew, after  each  questionnaire was completed. 
A total  of 30 Army pilots  took  part in the prestudies. 

A tentative  questionnaire  first  was  developed from slmllar  questions  used 

transport-type  aircraft  had  been  dependent  largely  upon  the  existence of via- 
bility  problems  which W e  the  pilots  cognizant  of  the  over-all visibility char- 
acteristics of their  aircraft, and on the  avallabllity  of  comparative  data  from 
pilots  of  various  aircraft. This enabled  control  of  bias  due  to  dlslike  or  pref- 

this  study. The L-19 is the only operational Army liaison-reconualssance  airerafi 
erence  for a particular aircraft. Neither of these conditions  was  existent  in 

in Its  class,  and a defuute lack  of  awareness  regard-  vision  needs  was  noted 
d u r u g  the  prestudies.  Sufflclent  variation was noted m responses  to  questions 
requirmg quantitative  answers  relative  to  vislbility  requrements  as  to  negate 
their  usefulness. 

The  success of the  pllot-opmion st* of  cockpit visibility m 

the  officers  of  all Amy regions  =thin  the  Continental  United  States. A prelim- 
in-  inquiry was made  to  each  region  for a listing  of the$uber of,qualified, 

to  each  regional  aviation  office. An addressed  return  envelope  vas  attached  to 
active,  fixed-wing  aviators. A sufficient quantity of questionnaires  was  mailed 

total  of 2,334 questionnaires  were  distributed  to  active Arqy pllots. 
each  questionnaire  for  mailing  the  completed  questlonnaire  directly  to TDC. A 

The  final  questionnaire,  included as Appendlx I, was distributed  through 

questionnaves  had  slowed  to a low rate, a follow-up  letter was sent  to  each 
regional anation office  urging  return  of additional questionnaires.  The  follow- 

The totel return of 366 questionnanes  used In this  report  represents  only 15.7 
up  letter  had  little  effect  since no change was reflected  in  the  rate  of  return. 

were  transferred  to  punchcards, aad tabulation,  classification,  and  totalization 
per  cent  of  the  total  distributed.  The  data  contained in the  questionnaires 

of the  data  were  carried  out  with  pUncaacard  machines. 

Discussion of Data. 

After  receipt  of 345 completed  questionnaires,  when  return of the 

Question 1 - Pilot  Helght. 
c-ensate for variations  in  pilots'  height. This question was used  for con- 
trol  purposes  to  establish  the distribution of  heights of pilots and deterrmne 
the effect of height  on  the  pilots'  opinions  of  vislbility 1 ~ 1  the  L-19. Both 
the arithmetical mean  and  median d u e s  of  height  were '('0 inches.  !?he 

Llght  alrcraft  seats  generally  are  not  adJustable  vertically  to 
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dlstribution of heights 1s shorn in  Fig. 4. %e resulting histogram compares 
favorably  with medlcal studies of thousands of pilots, mdmcatmng that the re- 

The effect of height will be discussed with each question *ere a significmt 
spouse of t h i s  study covers  a typical cross section of pllots In respect t o   h e i e t .  

difference i s  noted. 

Question 2 - Pilot Experience. 

t o  permit  evaluation of the  effect of experience on p ~ l o t s '  opinions. Both t o t a l  
Thie questlon was included for general  mfomation and control  purposes 

and L-19 f lpng t h e  were requested,  since It w a ~  believed that experience i n  
other anc ra f t  mi&t affect   a   pi lotus  opinion of the  quality of v i s ib i l i ty   in  the 
L-19. It d s o  was considered desirable  to compare opinions of the  entire group 
w i t h  p i lots  hsvLng combat experience. 

The median values of experience for the  enttre group  were BQ hows of 
total flybg time and 480 hours of L-19 flying time. The distribution of t o t a l  
and L-19 flying experience is shown i n  Fig. 5. The nmber of y e a r s  of flying 

two per cent of the  participatmg pmlots had combat experlence m Anmy aviat+on. 
experience proved of no value,  therefore,  the  results  we  not  presented. Twenty- 

Dlfferences in opinions as  a  result of varying degrees and types of experlence 
will be discussed  nlth each questlon where a  sl@uflcant  dlfference 1s noted. 

Question 3 - Quality of &is%- Visibility. 
The data  obtained from the  replies t o  thls question  are presented m 

Table I. As specifled  in  the  question,  Glass 1 signifles  exeellent vlsLblllty 

nifies  satisfactory  visibility; C l a s s  3 slgnifies adequate v ls ib i l l ty  ml' &e- 
with a possibility of being reduced wlthout  affect- performance; Class 2 sig- 

a r e  for improvement; and Class 4 signifies inadequate v is ib i l i ty  nth a dcllnlte 
need for hprovement. Table I also shows the mean rating (M) for each portion of 
the  question. !Phis 1s the m e a n  value of the four numerical ratlngs, weighted by 
the percentage of pilots specifymg each ratmng. These mean values c b  vary from 

vis ibi l i ty ,  and the mount of variation of the mean value from 2.00 corresponds 
1.00 t o  4.00. A mesp value of 2.00 would be assumed t o  correspond to  satisfactory 

to  the degree of superiority or inferiority of visibmlity compared tu  satmsfaetory 
vis ibi l i ty .  

The pi lots  as a group ra te   the   over -a l l   ds lb i l i ty  of the L-19 as 
satisfactory, with a definite tendency toward excellent.  Total and L-19 f l y b g  
experience had no apparent effect on the distribution of responses. Pilots 
t a l l e r  than the 70-inch median rated the  quality of upward visibility lower than 

b i l i t y  forward lower than  the  entlre group. T h ~ s  lower ratlng may be attributed 
the  entire group, as anticipated. However, tall pilots also rated downward ~ 1 s t -  

to   e i ther  a general  dissatisfaction  for  over-all  visibLllty due t o  a  specific d s -  
i b l l i t y  problem or, because tall pi lots  must sxt  farther aft in   the  coclrpft t o  
obtain  the  necessary  leg room, an actual  reduction of dowevard vis ib i l i ty  limits. 

backgrouud experience under true  field  conditions, dutinetly rated the qua.li%y 
of vis ibi l i ty  lower than  the group average. 

Combat pilots, whose opmlons weye given greater wei&t  because of thelr  
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The  degree of additional experience 111 other arcraft hsd no 
sigmflcaot effect on the  pilotsP  ratings  except that pilots  with no flying 

pilots,  clearly  rated the  quallty of visibility lower than the  group  average. 
experience  other  than in  the L-19, coarprlsing 7 per  cent of the  participating 

The  average flfing experrence for t h s  group  was 261 hours.  Visibility  ratings 
of pilots with sigular experience, vho have flown other  t-ypes of aircrafi, cam- 
pared favorably  with  the  group  average.  Therefore,  lack of flyfng experienee 
does  not  appear  to  be  the  reason for the  variation. A more  logical  reason IS 
that t h s  group of pilots  has  not  been  influenced by the  quallty of vlsibility I n  
other  types of aircraft.  The L-l9> because of its  intended  use,  has  substantially 
more  visibilitythan  most  aircraft. Baring flown in aircraft  nith much less  Vpsi- 
bility,  the  average  pilot may underrate  the  true  vision  needs ln reconnaissance- 
type  aircraft. 

Question 4 - External  Portrons of Aircrafi  Visible from Cockpit. 
The  detailed  results f r o m  the  replles  to  this  question  are shown in 

Fig. 6. The  items  listed  under  "Other"  vith  the  number of responses  mclude: 

wheel ( 3 ) ,  &aTIli&t,  struts, and $rim tabs. 
bundle or bomb rack? (6), leading  edge  of vlng ( 5 ) >  antenna  wiring (41, tail 

The  pilots'  rate of response  to  this  question  was  exceedingly high 
when compared with  the  responses to a similar question in the  transport-type 
alrcrart  study. This may be  expected,  since  operations  under  field  conditions 
are typified by a lack of ground personnel to aid  the  pilot during ground maneu- 
vers in confined  areaa,  possible  damage  due  to  en- fire o r  contact n t h  obstrue- 
tions  such  as  trees  and  -res  must  be  assessed  immediately  by  the  pilot. 

the  aircraft  that  the  pilot6  eonsldered  necessary  to  see from the  cockpit. Six 
pilots  considered it necessary  to  see all external  features  fndfcated  in  the 
questionnare, *le seven  pilots  considered lt unnecessary  to  see any e x t e a  
features.  The  response  at all intemediate levels  is &own fn Table I1 with  the 
distribution of answers at  the var~ous levels of response. It can be  seen  that 
the  distribation remains essentially the  same  thpoughout all levels of response, 
and that  the  ability  to  see  the  flaps  and wingtip lights  is of the  greatest 
huportance to the  pllots from en over-all  safety standpoint. 

Considerable  variation  existed fn the  number of external  features of 

Question 5 - Dependence upon Observer. 
This question  was  offered  to  determine  the  pilots'  degree of dependence 

pilots  depend on their  observers  to  asslst in prevent- midair collisions k q  
npon the oboemer to aid in h m  alr  search duties. !l%.irty-twu per  cent of the 

to look f o r  enemy  aircraft.  Neither  combat nor other mng experience  had a n ~ y  
searching  the eky in their  zone of vmion, and 54 per  cent  depend on the  observer 

effect on t h e  distribution of responses  to 'GUS questlon. 

Questions 6 and. 10 - Permissible Red and B W  Movements D u r i n g  Basic 
Maneuvers and Tactical  Missions. 

head and body movements to assist in determining  the angular nsibllity requlre- 
m t s .   m e  list of tactical  missions in questlon 6 was desiaed to be 

These  questions  were  included to establ'lsh en acceptable  degree of 
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representative of all mlc * m s  m Army anatLon. The results from the  replnes 
t o  these  questions axe shown in  Table G I "  Eaeh of the  *kee acceptable  degrees 
of  head and body  movements was asslgned  a numerleal rating value arbitrarily so 
that  the mean r a t n g  (a) for each maneuver and d s s i o n  could be de tedned   for  
purposes of comparison. The  mean rat- i s  the mean valve of the  three  ratings, 
weighted by the percentage of pilots  specl€yhg each rating. They can vary fh=cam 
1.00 t o  3.00. A mean rating of 2.00 would correspond Co tke  pilots'  acceptance 

the  paxtlcular maneuver o r  mission under eonslderatlon, Ratings smaller than 2.00 
of moderate head and body movement t o  see that which 1s necessary t o  he  seen  during 

indicate a willmgness t o  use more head and body movements. 
Indicate a d@sire for  less  head and body movements wble   ra tngs   l a rger  t h m  2,OO 

functlon of the  alt l tude  at  nhich  the maneuvers for  the mission are accompli&ed. 
The acceptable degree of head and body movements appears to be a direct 

The nearer  the ground the maneuver is performed, the  greater i s  the  desire t o  
remain fixed in one posltion. Takeoffs and landings, wheh actually hvolve con- 
tacts with the ground a t  high speed, reeelved mean ratings of 1-34 and 1.36, 
respectively. The rating  for f lnal  approach whim leads t o  eontact wlth the 
ground was 1.58, -le the  low-level landing f ie ld  reconnaissance, which is flown 
a t  extremely low altxtudes without actd contact vPth tbe ground, received  a 

bridges, all flown a t  moderately low altitudes, were  grouped closely  at  1.62 t o  
rating of 1.68. Wlre-laying,  supply drops, and recomafssance for roads and 

1.85. A l l  other  mneuvers and rmssions ratted above 2 .  

Question 7 - Mmuevers for Wheh Maximum Visitxli ty is Required. 

Fig. 7. It can be seen that  pilots  believe that good VIslblllty is most urgently 
required on the final approach, n t h  the climbfng turn their  next  choice, e9d. 

upon the  trensport-type u r c r a f t  study where fznal agproacba was the first choice, 
taxi* placing thud i n  their  preference It is notewort- Zo reflect  again 

glidlng turns second, and taxiing tbrlrd. Regard for  loss of ds fon  due t o  the 
Wing obstruction is  apparent  since  liaison-reconnaissance  pilots wtth high-- 

with low-xdng aircraft  expressed concern for gliding tupns. 
aircraf t  gave the climbing turn as t h e n  second c b i e e ,  whereas transport  pilots 

The data obtained from the  replies t o  t h l s  puestlon  are  presented i n  

Question 8 - Quality of Vision Through Window Hatermlo 

of vision through f l a t  and curved plastlc  panels i s  satrsfactory for the  safe 
operatLon of the  aircraft during a l l  missions and maneuvers. me  greatest  per- 

where the  radius of curvature 1s &I, slnce the  resulting  distortion has a 
centage of remaimng p i lo t s   f e l t  that plastic  panels  are  unsatisfactory only  

dp3mental   effect  on depth  perception d u r a  c r i t l ca l  maneuvers such as fmal 
aGroach. 

Ninety-five  per  cent of the  participating p i l o t s  fe l t   that   the   qual i ty  

Though the maJority of the  pllots  rated  the quality of vision as 

distortlon as described above. Fovteen  pilots disliked the agmg &aracteris- 
acceptable, a number of remarks were added Sixteen p l o t s  complained about 

tic6 of P lex ig l a s ,  since checked  and scratched plastlc  tends t o  disperse Il&t 

panels  are  not satisfactory for misslons such as  surveillance md f i r e  
rays and cause distracting  glare  points. One pi lot  indicated tha t   "p las tx  

adJustment when use of binoculars is required." 



Question 9 - Window zhe in  the L-l9* 
In  addition  to  the normal. complmen% of windows, the L-19 bsa overhead 

t o  evaluate  the  pilot 's interest in these second-  windows. 
swlights and obsemerns windows t o  the  side and rear. %%LIS question was included 

i n  Fig. 8. Also, the  pilots were offered  the opporbuafty to   r e f e r   t o  a window on 
a particular  side of the  aircraft  by usiag a subscript ''L" or "R," meanfng l e f t  O r  

t icular  side of the  aircraft sin% nn significant information resulted- 
right  side. The data were  condensed subsequently t o  exclude reference t o  a par- 

Each windov or portion of a w'indow was referred  to  by mmber, as S b w n  

It was requested that responses be limited t o  windows that the  pilots 
actnally used d u r h g  the mneumr d e r  consideration, Some p i l d s ,  however, 
can be expected to   i naxa te  more wiadows than they  actually use  while d e r s  %e- 
dicate  less. The distribution of responses for ea& m e n v e r  is shorn i n  
Table IV, dth the response level  eontaking  the median underlined, The d i s t r i -  
bution of answers a t  various  levels o r  response is presented in  Table 8.  AssuirLng 
that the median of  responses indicates  the average desires of the  pi lots  aecuratelJr, 
it can be seen from Table V that very few, if a r g 2  use the upper or pear windows 

the  use of rear uindows durfng turns and that was centered about window No. 6, 
durbg tehoff, final approach, or landing. Llmited a t e r e s t  was expressed in 

which actually form a continuation o f the   s ide  window. Duping cruise, and level 
and climbing turns, the responses for use of the upper m o w s  actually  equalled 
the responses f o r  the use of t k e   t h e e  main areas of v%sion. 

Questions 11 and 12 - Military Branch Association- 
A rational analysis of the  relative importance of each of the primar'y 

missions performed by various military branches within the Amy would entail 

This i s  governed partly by the number of pi lots  assigned t o  aeeomplish those mis- 
knowledge of the frequency that a particular rmssion m y  be expected t o  be flm. 

with  Infantry rating second, and Transportation t%linl. Less  than 23 per  cent of 
sions. The  predconinance of pilots  as shown in Fig. 9 are  attached t o  Artillery, 

the  pilots have had experience in mope than one military branch. 

General Comments on Cockpit Visibility. 

mgnetic compass, especially on older lnodels  of the L-199 was found objectionable 
vis ibi l i ty  in the space resewed fo r  that  purpose. The present  location of the 

by 21  pilots.  Fifteen  pilots  cwrplahed about the wing obstruction to  vision, 
Increasing  the  size of the upper windows t o  improve v is ib i l i ty  was suggested by 
12 pilots, while 3 pilots  desired  the v h g  t o  be loeated  further aft.  Because of 
their  height, five pi lots  suggested  a vertically  adjustable  seat  to  bring t h e h  
eye levels down below the d n g  root, 

Fifty-five  pilots  inserted comments o r  suggestions  influencing  cockpit 

Glare and reflections on the windshield from ground sources d e  
night  Rights were found objectionable by 12 pilots.  Pow  pilots suggested rear- 
dew mirrors t o  improve rearward visibil i ty.  Two pilots suggested the use of a 
tr icycle 1- gear t o  improve n s i b f l i t y  dwmg taxi and takeoff.  Finally, 
three  pilots indicated that the L-19 n s i b i l l t y  is much greater than actually 
is Thecesmry. 
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REQ$ED VISIBILITY T O W C E  STIJD'Y 

Procedure e 

11,000 hours of flying  tine,  were  selected  to sene as subjects in a controlled 

the  qualitative  responses  secured thou& the  questiomaire st*. The  program 
flight program.  The  purpose of -this program  was to provide a basis  for judging 

comprised  three  phases, as follows: 

Eleven  pilots  with  varying  degrees of flying  experience, from 200 to 

Phase I - The  photographic  recording of pilotlug  teshniques  wfth all 
available  vision 

Phase I1 - Determination of pilot  tolerance  in  flight to progressive 

vindshleld  and  wfndows. 
reduction  in  available dsibility though the masking of 

Phase 111 - The  photographic recording Qf piloting  techniques with the 
windshield  and  xfndows masked to mh.PI8lun tolerance  levels. 

In Phaee I, the  pilotss  actlons and certab associated  flight  data  were 
recorded  photographically  as  each flew an L-19 tho- a prescribed  set of baslc 

the  pilot's normal pattern of fl%ght. 
fli&t and tactical  maneuvers  under normal conditions f o r  the  purpose of establishing 

The  instrumentation for  the  observation  study IS shown in Fig. 10. A 
battery-operated 16 m movie  camera n t h  9.5 mm =de-angle  lens was mounted behind 
the observer's seat. A secondary  instrument  panel,  including an altimeter, dr- 
speed  indicator,  magnetic  compass, and gyro attltude indicator, was  mounted  behind 
the  pilot's  seat. A sample  strip of film showing  the resulhng field of view  is 
shown in Fig. 11. 

Basic  flight and tactical  maneuvers and missions lneluded  in  this  study 
were  chosen  as  being  representative  of  current Army aviation  operations.  The 
prescribed  set of maneuvers  Included, 

1. 
2. 
3. 
4. 
5 .  

6. 
7. 
8. 

10. 
9. 

ll. 
13 
12. 

Taxi on controlled  airfield. 
No& takeoff from controlled  airfield. 
N o d  landing  on  controlled  afrfield, 

'purns - 90" and 180"; descending,  level, and ascedng, nmmd and 
Cruise 

maxismm performance 
Short-strip  takeoff  (uncontrolled) 

High-level  landing  field  reconnaissance. 
Short-strip  landing  (uncontrolled) 

Low-level laud- field  reeonaaissmee. 
Message  pickup 
Toad reconnaissance 
Artillery  spotting. 
Bridge  reconnaissance. 
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Eaeh  maneuver of sham dwat%an was perS"omei at l e a s t   t d e e  t o  
establish an average performance, Contmuurg maneuvers and mlssioss such as 
cruise and ar t i l l e ry  spotting were pecorad for perfods of 5 minutes, Each 
flight,  lasting about 2 1/2 hours, provided abaut 50 mnutes o f  recorded data 
taken a t  8 ~ r a m e s  per seeond. 

during which the windshield and windows of the  aircraft were  masked off progres- 
I n  Phase 11 of the progmm, tbe partiexgating pilot-s made five flights 

pilots '  opinlons of the m5numv1 tolerable  vision needed to  accomplish safely all 
sively t o  reduce the  avallable visibil3ty. Preflight diecussions d e t e d n e d  

maneuvers and missions performed wttb L f ~ s e n - r e c o ~ a i s s a c e - t ~ e  aircraft ,  Each 

minutes'  duration,  during which the effect of the mskLng as experienced durmg 
discussion  period was followed bx an orlentazion flight of aparoxlmately 30 

the previous flight was determined and the p o s s i t l l ~ t y  of *her masking, as 
well  as  other factors, was investigated. Aeeeptable post location was investi- 

photographed with the binocular vlsitm mmem frm the SnbJeCt p i l o t ' s  true eye 
gated  during  the last   three invemiew periods. Taae final outlines then were 

position. 

f l ight  and tact ical  maneuvers preser ibd i n  the first phase Kith %he aircraf t  in 
In Phase 111 of the program, the  pilots again flew through each of the 

pattern of flight. In order t o  obtain  data whfeh  would be dsldieative of a p i lo t ' s  
a maxinnrm tolerable masked condition t o  record cbangee, ~f my, in their  noranal 

normal flight habits, the  subject  pilots were provided with only a mifpfrmun of 
infomation concerning the metkcdology of the st*. 

Dxscussion of Results. 
The photographic data obtaaned Ira Phases I and Id1 were subJected t o  

ments, and the  particular  teehiques of each plloko Window locataons were ai- 
frame-by-freme analysis t o  dete-ne general vfndow we ,  head and bcdy move- 

Ylde++.nto four sectors for analysxs-, fronz, side, upper, and rea-,  Greater 
accuracy waa not justiflable  smee  the analysis was made though motion pictures 
of the pilot  viewed f r o m  the rear.. Three degrees of head and kmdy movements 
were recorded:  simple head rotation, head and bcdy movements from 0 t o  5 inches 
in any direction, and head and body movements of more t m  4 mehes. Data re- 

tude, speed, and altitude. All data eoneer-nmg  rnndow use antb head and body 
corded t o  establish ea& p i l o t u s  n o d  pattern of flight included a u c r a f i  atti- 

movements  were converted *om frame eomts tc percentage  values for ease of 
comparison 

Average window use before and af ter  masking is shown i n  Table V I o  

Certain maneuvers, such as cruse9  pePlnit a greater degree of freedom in  the use 
of available  vlsibility and show a greater variation i n  the results, However, 
maneuvers such as landings and takeoffs whxch require ~ o n t i n ~ a l  eoneentration 
exhibit a high degree of eons~steney, 

masking is  &OM i n  Table VII. Bead and body movements defaaitely  increased a,$ 
a result  of masking. These increases were s u f f i e z e ~ ~  t o  provoke comments by 
the  pilots that they were "excessive" for nomal fl ights of my great  duration 

The pi lots '  average use of head and b movements before and after 
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and resultcir m fatague. The pl lo ts3  patterns of flight did not ehmnge 
appreciably because of masking, %e changes mted  generally  reflected lack of 
f d l i a r i t y  wlth the modifled v1sfbllS%y and a resulting tendency for less  
drastic maneuvering. 

A single  outline  represen?;hg  the average I I C ~ K ~ U I I  safe vls ib ihty  
eatmated by the 1 5  palots  pcdfcigatmg i n  %be redwed ~ L s i h l a t y  toleranee 
study is l l lustrated in Figa 12. m e  upper wmdows, though indlcated  as neces- 

nth a reasonable  degree of accuracy, This i s  attributed to  the proximity of the 
s q I  are  not shown in Fig. 12 because the i r  saze or  location canno% be specified 

upper windows t o   t h e   p i l o t s s  eyes. ThEs permits  considerable variation in the 

used pritaarily  during turns. They are  in  effect a contmuation of the  side 
p i lo t ' s   e s tha t ion  of theelr necessary size and location.  me upper KIndows are  

Being located  within 8 inches of the  palotcs eyes and although paptlally masked, 
windows which are limited an upwaz-d v i s l b i l ~ t y  due t a   t he  wing obstruction, 

they  proslde  visibility  for most of tbe  area above the win@; mth moderate head 
mvement 

Estimates o f  the  quality of exastbg  vis ibi l i ty  made by the  pilots in 
the  questionnaire,  together nul the mmimum tolerable  vmLbility requirements 

minimm adequate v is ib i l i ty  requirements. m e  minimum tolerable  visibil i ty out- 
estjmated In  the reduced visability  toleranee s t d y ,  were analyzed t o  determine 

l l ne  determined in  the reduced nsabl ls l ty  tolerance s%udy is not adequate f o r  
n o m  use when conslderation is given fo the   pi lots8 expressed  opinions of ac- 
ceptable head and body  movements. Most of the  pilots participating m the 

movement and resulting  fatlgue. This fae%, however, does not reduee the value of 
reduced visibility  tolerance study a t  6ome t b e  c m e n t e d  on the excessive 

the minimum tolerable  visibility  outlme. An outl'ine  representing minimum ac- 
ceptablezvlsibil i ty may, througb arblk-rapy interpretation, be delineated by 
adjusting  the minimum tolerable  msability  outline, shown i n  Fig. 12, an ac- 

t o  question 3 of the  questionnalre and acceptable head and body movements ex- 
cordance vl th  the opinions  expressed on qualaty of existing  visibil i ty  replies 

pressed qualitatively in replles t o  questions 6 and 10. Also, due consideration 

reduction of existing  vislbilazy  as determined m the  observation phase, mase 
should  be  given t o  the  Increases in head and body movements r-esultmg from the 

Fig. 13. 
111, of the reduced vislbbilaty  toleranee study. Sueh an outline is shown i n  

Windovs providing vfsibilaty t o  the  rear were excluded from the 
minFrmua requirements  because t h e ~  l m t e d  use by the pllots, as expressed in 

does no t  Justify the  deslgn  penalties  that accompany their  iselusion i n  an 
replies  to question 9 and as shown in  the  redwed  vistbi1ity  tolerance stuQ, 

windows as expressed in  replies to questaon 9 related t o  thelr use In turns. 
aircraft  designn. The p i lo t se  prune, thaw& IMted ,   mte res t  i n  the  rear 

of the  side window t o  the  rear. !%e p ~ l o t  e a r  see that may be  seen 
That lnterest  centered  about window No, 6 whch lsg in effect, a continuation 

through window No. 6, us-  vlndow No. 1, with moderate head movement t o  the 
side. A willingness t o  apply such head mnvement was expressed in beplles t o  
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questions 6 and 10. The  reduced vaeabxllt.  tolerance  study  stowed  that  the  rear 
vnndovs were  used  during  the  takeoff m a6  well  as maxlmvm rate tuPm. D w l g  
takeoff,  the rem windows  were used to "@lea-" for approackdng  aircraft  at  the 
lnitiatlon  of  ground  roll, m e  tune  requlred  to  turn  the  head  to  see  in a 

mi&t be  eliminated  through  use  of a rear-new mirror. As previously  dlscuseed, 
rearwmd direction  during a flight  maneuver eould constltute a hazard m e h  

note outlining the  requirements is mcluded in  Fig. 13. 
the  overhead  vindows cannot be  dellneated  specrflcdly  at  thls  time;  however, a 

The  requlrements, as illustrated m Pig. 13 and covered  in  the  previous 
discussion, are not  considered m any sense  the find answer  to  liaison- 
reconnaissance-type  aircraft  cockplt  vlslbbilfty  requirements.  !The questionnare 
and reduced  visibllity study methods of investigation  have  basic  limltatlons 111 
precision.  However,  their analyses have  yfelded  quantltatlve  conclusione.  It 
is  believed  that  the  results of the  stndies  have  strong  provisional  validity 
and, m partlcular, show that an a r e r a f t  eoekplt window  arrangement  having RII 

outline as shown in  Fig. 13 would  ppovlde  adequate visibility for  the mqority 
of hug pilots. 

co~cLus~ons 

intendews are  reasonably  conslstent,  and  the follomng eoncluslons can be 
derived: 

The  data  secured from the 366 completed  questlonnalres and 11 pllot 

climbing-turn, and landing  maneuvers. A minumua downwaxd  vislon  cutoff  angle 
of 17" should provide  adequate  vlslblllty  for  taxi and clunbmng-turn  maneuvers 
with  moderate  head and body movementss  and for lanbng maneuvers with milafrmmm 
head  movement. 

1. Vlslbillty in a forward and dowrwerd  direction IS cr l t lcal  during  taxi, 

climbing-turn  maneuvers. A minimum upward vlsaon  cutoff  angle of 30" vrill 
provide  adequate  visibility  for  clmbin@;  turns  with  moderate  head  and  body 
movemmts. 

2. Visibility  in a forward em3 w a r d  direction is cntlcal during 

3. Upward  visibillty to the  right and lee is critical during all turning 
maneuvers. A mnUrmm upward  vision  cutoff  angle of 8" at 90" to  the  elde  with 
provision for  visibllity  above  the nng obstruction will prcvlde  vislblllty  at 

mum head  movement,  and a view of the mea Into  which  the  amera€%  will rly amin@; 
horizon  level during level fllght maneuversg a view of the  vfngtips n t h  mini- 

banked  turns. 

4. Downvard visibillty  to  the  right and lef% is cntxal during tactical 
maneuvers. A minimum downxard vision  cutoff  angle of 45" at 90" to the  side mll 
provide  adequate nsibility fo r  tactical  maneuvers  requirmng  observation  of  ground 
details  at  close  proximity n t h  mnirmun head and bcdy movements. 
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meaeuvers. An azlmuth cutoff  angle of 130" will provide a full f i e l d  of new 
vim moderate  head and  body  movements for  arhllery  spotting and general 
obsemation, and permit a pilot   to  clear adequately for  turns. 

5. The azimuth cutoff  angle is  csi t leal  during  both  turns and t a c t i c a l  

i n  all directions lf the curvature of t he   ma te r id   i s  lmted t o  prevent dis-  
tortion, and i f  the window is not  sloped in  a manner  which will reflect hght 
f'rom ground sources during night  flights. 

6. The quality of vision provlded by plastic window material 1s adequate 

most c r i t i ca l  from the  standpoint of over-all  visibility  requrements by the 
largest number of pilots.  

7. The f inal  approach, climbbg-turn, and taxi maneuvers are  considered 

8. A majority of the  pilots desxre t o  see  the  following  external  portions 

vlngt ip  lights, flaps,  ailerons, and vertical and homzontal tail. 
of the a i rc raf t -  engine and propeller,  fixed l&ng gear,  pltot  tube, wingtlps, 

9.  The results  obtained in th is  study are  not  considered t o  be a complete 
solution to   the problem of vis ib i l i ty  requirements. However, application of 
these  results should  permit  reasonable evaluation of cockgit vis ibi l i ty ,  and such 
evaluation i s  closely  related  to  true adequacy of vis ibi l i ty  from the standpoint 
of safety. 
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‘I ABLE I 

EXPRESSED AS A P E R C E N T A G E   O F   T H E  TOTAL  RESPONSE - OUESTION 3 
DISLT.IBUTION OF  PILOTS’   RATINGS O€ QUALITY O F   L - I 9  VISIBILITY 

52 46 3 -- I 5 0  
52 45 3 -- 1 5 1  
50 46 4 -- 1 54 

Clrrnb turn 
L e v e l  t v rn  
C l l d e  turn 
Find 
Landing  

~ ~~ 

3 6  51 12 1 1 7 8  
41 52 7 -- 1 5 9  
42 50 7 1 1 60 
50 46  4 -- 1 5 4  
51 46 3 -- 1 5 8  

A”eFaRe 47 48 5 1 58 

M a ~ e u v e r  

T ax1 
Takeoff 
Cruise 

32 54 14 -- 1 82  
15 54 28 3 2 19 

28 56 16 - -  I 88  ~~ 

Cllrnb turn 
Level turn 
Glide  turn 
Fmal 
Landmg 

~ ~~ 

17 55 25 3 2 14 
2 8  57 14  1 1 88 
29 57 3 1 1 56 
38  50 12 -- 1 74 
2 1  53 25 1 2 06 

Average  26 55  17 1 1 9 1  

47 45 0 -- 1 6 1  
50 45 5 -- 1 55 
47 46 7 -- 1 60 
2 0  4 8  27 5 2 1 7  
22 52 22 4 2 08 
25 52 19 4 2 02 
42 50 8 -- 1 6 6  
44 50 6 -- 1 b2 

37  49 1 3  2 1 7 9  

( 5  ft , 11 ~n and above) 
Tal1   P l lo t s  

C o r n h a t   E x p e r ~ e n c e  
P t lo ts   wr th  

1 2 3 4  M 1 2 3 4  M 

Vlslbl l l ty   Upward to Front 

Fly lng  Experience Only 
P l l o t s  w.th  L-19 

1 2 3 4  M 

51  46 3 -- 1 5 2  46 50 3 1 1 59 
51  45 4 -- 1 5 3   4 4   5 4  1 1 1 59 
46 49  5 -- L 59  43  53 3 1 1 62 
3 3  52 14  1 I 83 3 3  49 18 -- 1 85 

25 6b 9 -- 1 8 4  
31  56 13 -- I 8 2  
3 1  60 9 -- 1 7 8  

25 59 16 -- 1 9 1  
LZ 50 25 3 2 09 

49 4 8  2 1 1 5 5  
38  55 6 1 1 70  37  56 5  2 1 72 

43  53 2 2 I 6 3  
52  46 2 -- 1 5 0  

45 50 6 
44   51  4 1 1 6 2  

1 61  41  53 5 1 1 67 

Vlalbl l l ty  Downward to Front 

25 62 13 -- 1 88 
25 6 6  9 -- 184  
28 66 6 -- 1 78 

27  61 13 I 87 

14 51 3 1  4 L 25  19  55 22  4 2 11 

26 56  18 - -  1 9 2  
16  53 2 8  3 2 I8 

32 51  17 -- I e5 32  39 19 -- 1 8 7  
-- 57  34 9 2 52 

3 72  25 -- 2 22 
2 6  52  29 1 1 97 13 72  16 - -  2 05 
16 63  19 2  2 07 6 63 Z E  3 2 43 

25 58  17 -- 1 9 2  23   68  4 -- i 86 
26 55 1 8  I I 9 4  
36  49 15 -- 1 7 9  

24 6 6  9 1 I 87 

2 0  5 1  2 8  1 2 10 
30 5 1  1 8  1 1 9 0  
22 51 26 1 2 06 

24  53 21  1 1 9 9  24  56 19 1 1 96 

Vls lbl l l ty  Sldeward 

42 47 11 -- 1 69 38  55 

44 47 9 -- 1 65 
48 44 8 -- 1 60  40  55 

39 5 1  
17  45  30 8 L L9 
2 2  50 2 2  6  2 12 

24  49 
24 54 

2 1  52 LO 7 2 13 
36  54 10 - -  I 7 4  

26  49 

39 5 3  7 1 1 70 
35  56 

34  47  15 3 1 87 

39 5 8  

3 3  52 

7 -- I 6 9  
5 -- 1 65 

2 3  4 L 07 
10 - -  1 71 

16 6 2 04 
19 6 2 05 
9 -- 1 7 4  
3 -- 1 64 

12 2 1 82 

9 75  16 -- 2 07 
6 69 25 -1 1 9 4  

1 6  6 0  16 -- 2 00 
6 59 3 2  3 2 32 

7 67 24 2 2 1 9  

31 60 9 -- 1 7 8  
35 5q 6 -- 1 7 1  
31 60 9 -- 1 7 8  

16 6 8  16 -- 2 00 
13  63 18  6 2 17 

9 79 9 3 2 0 6  
21 66 ’ 3  -- 1 9 2  

22 66 11 1 1 9 1  

22 72 6 -- I 84 

* 1 - E x c e l l r n t  
2 - 5atlsIirclury 
3 - Adequate 
4 - Inadequate 
M -  Welghted mean  of ratlngs 1 through 4 
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IABLI: I1 

DISTRIBUTION O F  ANSWERS TO QUESTION 4 CONCERNING EXIERNAL 
PORTIONS OF A I R C R A F ~  AT VARIOUS LEVELS OF RESPONSE 

External   Port lon of A l r c r a f t  

Pllals 

11 
14 

1 8  

17 
31 

43 

12  

102 
55 

50 
6 

Landlng 
Gear  
Fhxed 

4 

1 

14 

8 

35 
4 

35 

92 
50 

h 

1 

2 
8 

16 

5 

44 

17 

6 

Wl"g 
T,p. 

4 
1 

7 

13 

7 

11 
29 
44 

99 
48 

6 

2 

0 

1 5  

14 

28  

36 
11 

5 0  

102 
50 

6 

Flaps 

5 

9 
LO 

21 
IL 

4 1  

10 

55 

102 
50 

6 

Ailerons 

1 
7 
0 

17 

9 
36 

101 
5 4  

50 

6 

PltOt 
T"be 

1 
2 
1 

Lb 
7 

9 
30  

101 
40 

49 
6 

E"gl"e 

Propeller 
and 

3 

1 

5 

7 
19 

30 

11 

101 
46 

50 

6 

I 1 

I 
7 

1 
8 3 

1 

2 2 
2 0  

1 

29 

101 
49 49 

101 
2 

49 50 

1 

10 
6 b 

. 

b 
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TABLE 111 

R a t m g s  

ACCEPTABLE  DEGREE OF HEAD  AND  BODY  MOVEMENT  DURING  VARIOUS  MANEUVERS  AND  MISSIONS 
EXPRESSED AS A PERCENTAGE O F  THE  TOTAL  RESPONSES  -QUESTIONS 6 AND 10 

I 

M m l m u m   M o v e m e n t  
of Head and  Body 

Maneuvers 

L a n d m g  
Takeoff Run 

Fmal A p p r o a c h  
CrUlJe 
L e v e l  Turns 
G l l d m g   T u r n s  
C l l m b m g  Turns 
Tax,  

Mlssmns 

Low-Leve l   Land lng  
F w l d  Reconnatssance 

Wlre-Laylng  

Supply  Drops 

R e c o n n a i s s a n c e  of R o a d s .  
B r l d g e s ,   a n d  W i r e  R o u t e s  

C o l u m n   C o n t r o l  

Observa t lon .  Adpstment 
of F l r e  

Reconnaissance and 
Survey .  General 

S u r v e y   a n d  M apprng 

7 0  

5 1  
70 

23 
12 
10 

19 
0 

46 

34 

32 

27 

19 

21 

17 

16 

2 

M o d e r a t e   M o v e m e n t  
of Head and Body 

26 

40 
24 

52 
67 
68 
60 
56 

40 

50 

54  53 

59 

5 5  

60 

58 

3 

Max~mum P o s s l b l e  Movement 
vn th   Sea t   Be l t   Fas t ened  

4 
6 
9 

21  
25  

22 
24 
25 

14 

16 

14 

20 

22 

24 

23 

26  

M 
Welghted Mean of 

Ratings 1 to 3 

1 34 
1 36 

2 02 
1 5 0  

2 09 
2 12 
2 I6 
2 03 

1 6 8  

1 82 

1 82 

I 93 

2 03 

2 04 

2 06 

2 10 
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TABLE IV 

DISTRIBWPION OF LEVEL5 OF RESPONSE To QLES!!XON 9 FOR VARIOUS 
EXPRESSED AS A PERCENTAGE OF THE ToIpAL RESPONSE 

Indicated in Response 
Quantity of Windows 

Manewer 

T u 1  

Takeoff 

Cruise 

C l i r a b  Turn 

Level 'Rrm 

Glide Turn 

Final Approach 

Lanab3 

1 2 3 4 5 6 7 

14 1 

1 - *  

10 8 

9 5 

9 4 

9 3 

1 -- 
1 -- 

8 

7 
4 

25 

8 

6 

5 

5 

3 

Note: Level of response  conta3ning median 16 underlined. 
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TABLE V 

PILOTS'  ESTIMATED USE O F  VARIOUS L - 1 9  WINDOWS 
DURING BASIC FLIGHT MANEUVERS - QUESTION 9 

Takeoff Descendmg Turns F t n d  Approach Tax, 

1 2 3 4 5 6 7 8   1 2 3 4 5 6 7 0   1 2 3 4 5 6 7 8   1 2 3 4 5 6 7 8  

Quantlty of Wmdows 
lndlcated 

I" Response 

0 4  2. 
5 

- -  I 1 1  - 9 
1 -  - 
I 1  - 9 

9 

I -  - 9 

1 2 3 4 5 6 7 8  

Clwnbmg Turns 

31 54 
2 2  42 
23 36 

I 1  44 
15  55 

- 3  
1 5  

- 1  

1: 14 23 

9 

13 1 9  
1 3  19 
13 19 

I2 19 
13 19 

1 1  19 
IO 19 
6 I9 

69 15 
69 13 
71 13 

1 6  
1 4  

- 2  
2 5  

- 2  

26 20 66 
27 19 66 
25 20 66 
18 25 66 

21 16 66 
19 20 66 

14 20 66 
6 5 66 

- 35 149 211 35 3 - 12 - 9 19 37 43 3 22 
I 37 148 197 34 3 - 12 - 7 19 37 43 3 22 - 4 n 149 I65 34 3 - 12 - 4 19 37 43 3 22 

140 33 1 - 12 
114 3 3  1 - I 2  - - - 5 0 2 2  - 12 

10 3 3 - I2 
1 II II~ 10 3 2 - 12 

u 
Level Turns 

1 2 3 4 5 6 7 8  

- -  I i 9 7 3  22 - -  
. .  

- - 11 5 3 22 
1 12 27  42 3 22 - 2 2 3 7  1 2 2  
2 4 25 3 0  2 22 

- -  - -  
U 

Landmg 

1 2 3 4 5 6 7 8  
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TABLE V I  

AVEWGE W W W  USE BY ELEVEN PILGTS EXPRFSSED 
AS A PERCF,NTAGE OF TEE TOTAL RECORDED PERIOD 

Windows Not Masked 
PIaneuvers 

Takeoff 

Landing 

Cruise 

Normal Turns 

Mmhm Turns 

High Fleld Drag 

L o w  Fleld Drag 

Short-Fleld Lmdmg 

Short-Field  Takeoff 

Ar t i l l e ry   Spot t ing  

Road Reconnalssance 

Bridge Reconnmssance 

Message Pickup 

Tax1  

Front 

77 

82 

69 
83 

81 

48 

78 

83 

82 

53 

75 

62 

81 

79 

Side 

19 

18 

30 

15 

14 

51 

21 

17 

16 

44 

25 

33 

18 

20 

Upper R e a r  

2 2 

c - 
1 c 

2 t 

4 1 

1 t 

1 e 

a. - 
1 1 

3 c 

- c 

5 

1 - 
1 L 

- 

Front 

79 

85 

80 

83 

82 

51 

73 

84 

86 

47 

75 

66 

84 

81 

Windows  Masked 
Side 

19 

15 

19 

15 

14 

48 

26 

16 

13 

52 

25 

33 

15 

18 
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Maneuver 

Takeoff 

Landing 

CNlse 

Nom121 Turns 

Maximum Turns 

Hlgh Fleld D r a g  

Low Fleld Drag 

Short-Field  Landing 

Short-Field  Takeoff 

Artillery  Spotting 

Road Reconnalssance 

Windows Not Masked 
Head and Body Movement 

None 0 - 5 In. 5 In.. 
(per cent) 

94 

95 

97 

98 

95 

83 

90 

95 

94 

93 

a8 

Brldge  Reconnaissance 86 

Message Pickup 93 

TaXl 98 

2 4 

1 4 

1 2 

1 1 

2 3 

6 11 

5 5 

2 3 

2 4 

3 4 

5 7 

4 10 

1 6 

1 1 

Head and Body Movement 
Windows  Masked 

None 0 - 5 In. 5 In.+ 
(per cent) 

1 8 

2 8 

2 3 

3 8 

4 8 

a 25 

5 10 

3 7 

6 10 

10 17 

12 20 

8 l a  
3 11 

1 3 



FIG. 1 U .  S .  ARMY L-19 "BIRD DOG" 



FIG. 2 COCKPIT  VISIBILITY O F  CESSNA L-19 AS RECORDED WITH BINOCULAR VISIOW CAMERA 
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\ ..... 
TRACE  OF  POSSIBLE 
EYE POSITION- 

& APPARENT VISUAL  ANGLE 

& TRUE  VISUAL  ANGLE / 

/., /-' 
/ 

FIG. 3 E F F E C T  OF HEAD  ELEVATION ON ANGULAR VISIBILITY  LIMITS 



ANSWER I I I I 

I I  I I 

61-0 ' 59 I 
66 I 1  

0 10 L O  3 0  40 50 I 

N U M  BEE 

70 80 

FIG 4 DISTRIBUTION O F  T O r A L  HEIGHTS O F  PZLOTS PARTICIPATING IN 
COCKPIT VISIBILITY QUESTIONNAIRE  STUDY 



F I G  5 DIbTRlBUTION O F  F L Y I N G  TIME O F   P I L O T S   P A R T I C I P A T I N G  IN 
COCKPIT VISIBILITY  OUESTIONNAIRE STUDY 



WINGTIP   L IGHIS  

VERTICAL  TAIL  

ENGINE  AND 

P R O P E L L E R  

LANDING  GEAR 
R L I R A C T  

HORIZONTAL  TAIL FLAPS LEGEND  AILERONS 

0 MINIMUM  MCVEMENT O F  HEAD  AND  BODY 

@ M O D E R A T E   M O V E M E N T  O F  HEAD  AND  BODY 

@ MAXIMUM  MOVEMENr O F  HEAD  AND  BODY 8 NOT  NECESSARY TO S E E  

F I G  6 P E R C E N T A G E   O F   P L L O r S   D E S I R I N G   T O   S E E   E X T E R N A L   P O R T I O N S  
O F  THE  AIRPLANE 

LAYDINC  GEAR 
F I X E D  



PERCENTAGE O F  ANSWERS  ALL  PILOTS 

4 8 12 16 20  24  

LEVEL TURN 

GLIDING  TURN 

CLIMB  TURN 

FIG.  7 RELATIVE  IMPORTANCE OF VISIBILITY  DURING  COMMON  MANEUVERS SHOWN 
LN P E R C E N T A G E   O F   T O T A L   R E P L I E S  FROM PILOTS 
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FIG.  8 S K E T C H  O F  WINDSHIELD  AND  WINDOW  OPENINGS IN L-19 WITH CODE  NUMBERS 
USED  IN  QUESTION  NO. 9 



CORPS 8 16 24 
~ 

MEDICAL 

ARMOR 

ENGIhEEKS 

TRANSPORTA TION 

INFANTRY 

ARTILLERY 

F I G .  9 DISTRIBUTION O F   P I L O T S  IN VARIOUS MILITARY  BRANCHES  SHOWN IN 
PERCENTAGE  OF  TOTAL  PARTICIPATING  PILOTS 



FIG. 10 INSTRUMENTATION FOR PHOTOGRAPHING  PILOTS 



FIG 11 S A M P L E   P I L O T  N’OTION RECORD (16 MM F I L M   S T R I P )  
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N O T E  SF1 I I X I FOR DISCUSSILA 01 ~ I S I D L L I I Y  

4 5  

0 

41 

90 
I BO 135 1 0  4 5  0 

F I G  1 2  4 V E R A C E M I h I M U M  TOLERADLL C O C K P I I  V l 5 l H l l  I r Y  REC)UIREMENTS ! 
H A S L I )  O N  I iLI>UCED VISIBILITY r O L E R A Y C E  STUDY 



9 0  

MODERATE  HEAD  MOVEMEhT  TO  \IEW THE ENTIRE  AREA INTO 

45 

0 

45 

MODERATE  POSTS  PERMISSIALE E I 

90 
I 8 0  135 9 0  45 0 

FIG 1 3  FIXED-WING LIAISON-RECO\NAISS.4\ICE-TYPE AIRCRAFT  COCKPIT VISIBILITY 
REQUIREhENTS  BASED ON QUESTIONhAIKE  AKD  REDUCED  YIEIBILITY 
TOLERAUCESTUDY 
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PILOT QUESTIONPuAIRE Oh COCKPIT  VISIBILITY IN 
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CIVIL  AERONAUTICS  ADMINISTRATION 
DEPARTMENT O F  COMMERCE 

TECHNICAL  DEVELOPMENT  CENTER 
P 0 BOX 5767 

INDIANAPOLIS, INDIANA 

December 1956 

PILOT QUESTIONNAIRE ON COCKPIT  VISIBILITY IN 
FIXED WING RECONNAISSANCE AlRCRAFT 

at   the  CAA Technical Development  Center  whch  has  for Lts ObJecbve  the  development of 
The  Department of the  Army.  Offxe of the Chmf of Transportatlon, 1s sponsorlng a proJect 

adequate  operabng  safety 
standards  for  cockplt  vlslhlllty In reconnalesance  a l rcraf t   whch wzll be  conelstent  with 

angles of mght or  h e l d  of vlslon  through  wmdshleld  panels  and  cockpit  wndows from the 
The  prmclpal  factor  lnfluencmg  cockplt  vlslblllty LS considered to  be the h r e c t l o n s  of the 

normal  pllot-eye  posltlon.  wlth  conslderatton of the  amplane  In  drfferent  maneuvers 

One of the most  Important  aspects of the  program  consls ts  of evaluatmg  the  Ideas of the 
operabng  pllots  concermng  these  vlslblllty  problems Slnce the b e a t   p d g e s  of the  qualzty 

the necessary   bas lc   mnforma~on on whlch  an  analysls  can  be  made  Such  an analysls will 
of vlslbllity In  cockpxts are  the  pllots  themselves.   we  are  calhng  upon  you  to  supply urn w ~ t h  

perml t  a quantltatlve evaluation of the  present  deslgns  and  the  establmhment of quanhtahve 
standards  for  future  deslgns 

The success of thle  cockplt  vlstblllty  study IS dependent  upon  an  evaluahon of your   reqmre-  
ments  It 1s requested  that  you  return thLs ques t lomai re  In the attached  envelope as soon a- 
posslble with all of the  questions  completed 

CAA  Your slgnature 1s not  necessary  
Your response  wll l   be  held  confldentlal  and  wlll  be  used only for ana ly txa l   pu rposes  by the 

NOTE I T  IS RECOMMENDED  THAT YOU READ  THE  QUESTIONNAIRE OVER 
THOROUGHLY. MAKE A FLIGHT WITH THE QUESTIONNAIRE I N  MIND, 
AND  THEN F I L L  IN THE ANSWERS 



PILOT CUESTIONKAIRE OX COCKPIT VISIBILITY IN 
F I X E D  WING RECONNAISSANCE  AIRCRAFT 
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8 Do you f ee l  the quahty of vlslon as provided  by  f lat   and  curved  plaatlc  panels is 
sabs fac to ry  far the   sa fe  operabon of the   anc ra f t   t h rough  all maneuver s  and m i e s l a n s ?  

If your  answer  to the  above  questton 1s "no, please  lndlcate  below the  maneuver Or 
mlsslon  for   wblch  vls lbl l l ty  IS unsatlsfactory  and  the  wrndow or wmdows mvolved 

wmdows 
U s e  wlndow numbers m Flgure  1 on the  followmg  page to lndlcate  unsatlsfactory 

The  followmg  space 1s  reserved   for   any   comments  or suggestions you may have  whlch 
mfluence  the  problem of cockpt   v l s lb l l l ty  



F l g u r e  1 Sketch of Wmdshleld  and Wmdow Openings  In 
L-19  Alrcraf t   as   Vlewed  f rom  Pl lot ls   Seat  

9 In o rde r  to evaluate  the  adequacy of vlslbll l ty of an  L-19 alrplane  wlth  regard to mlnlrnum 
>lslbl l l ty   that  1s reqmred  for   safe   operat lon of the   a l rc raf t ,  a sketch of a n  L-19 cockplt  
IS shown ln F l g u r e  1 above 

Evaluate  the  wmdows ln F l g u r e  1 and  lndlcate  them numerically below  In  the  order of thelr  

any  wlndow  that you do not  use 
relatlve  lmportance  to you whlle  accompllshlng  the  Inhcated  maneuvers lndlcate 

If the  same  wlndow on elther  slde of the a l r c ra f t  1s  of equal  Importance  to  you,  mdlcate 
so In the  boxes  below by omlttlng  the subscript, L o r  R. whlch  means  Left  or L g h t  
Do not  put more  than  one  number In a slngle box 

_ _ _ _ -  

_ _ _ ~ - -  - 

Window Numbers  In Order of Lesser   Impor tance  

(a) Taxling 

(b)  Takeoff  Run 

( c )  Cru lsmg 

(d) Chmhmg  Turn  to  Left 

( e )  Level  Turn  to  Left  

( f )  Ghdlng  Turn  to  Left  

( g )  Fmal   Approach 

( h )  Landmg 
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1L. Che-k a p p r u p r m t e  boxes below lnalcatlng l h e  amount of perrnlsslble head  ahd  body 
rno im-en t  for  e a c h  of the i o l l a w m g  m a n e u l e r s  Conslder the necessary search for 
o t h e r  a r c r a f t  In each  c a s e  

1 


