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s m m y  

A questlonnalre  concernulg problems of vl8lbl l i tY from hel lco?kr  
coclrplts was distributed to 1,341 milltw hellcopter P l l O t s  a8 a Par t  of 
a broad  study  relatlng t o  hellcopter cockpplt WlndSCEen o u t l ~ e ~ .  535 of 
these  questlonnarres were completed and returned. The queatlomalre 1x1- 
cluded  both  speclflc  evaluatlon  of v ~ s u a l  character ls t lcs  of present   hel i -  
copters  for  varlous maneuver8 and dlfferfng  drrectmns of s i b t ,  and a 
general   evduatlon of d l f fe ren t  vlsual problems. The results of t h e  ques- 
tlonnaire  study seem to   md lca t e   t ha t   t he   p l lo t s  have not developed a gen- 
e r a l  awareness o r  concern fo r  the  vlsual   character is t lcs  of hellcopter 
cockplts. Thes probably i s  due, a t   l e a s t  m part ,   to   the  general ly  good 
visibility from present  hellcopters.  Most p l l o t s   r a t e   t h e   v l s i b l l l t y  from 
the  hel lcopter   they  f ly  as sat lsfactory.  

Analysls of the questionnaire  data shows t h a t  vlsual cutoff 
angles for the  dlfferent   dlrect lons of s l @ t  may be defmed ~n terns of 
windscreen  outlmea which correspond t o  p l l o t   r a t m g s  of adequate or  excel- 
lent.   In  the  determmatlon of these  vlsual  cutoff  angles,  the  attltuce of 
the  hellcopter m varmus  manewers must  be considered. Reasonable  accuracy 
appears t o  be  obtalned  by t h m  method. 

The r e su l t s  of the analysis of the  questlomarre  data  are 
presented In r e l a t ion  to  various  speciflc  vlsual problems  and are combined 
ln to  a general   set  of requirements whlch include  vlsual  cutoff  angles and 
pOBb mmg-nts. The reeIiLt8 are  not considered t o  be a f lna l   so lu t ion  
to   t he  problem Of v l s i b l l l t y  from he l lcopter   cockpts ,   bu t   o f fe r  a useful 
P l d e   t o  the amount and qual l ty  of v l s i b l l l t y  whlch w l l l  be considered 
sa t l s fac tory  by p l lo t s .  

D u r m g  the past   several  yeam, the problem of v l a l b l l l t y  from 
alrcraf t   cockpl ts ,  as determined by wmdow sme,  type, and locatlon,  has 
been recelving  Increased  attentlon. Such attentlon  has  armen  as a result 
of midair collisions m wbch  the  pllots  Involved  did  not  see  the  colildlng 
aircraft  mtll the  Instant of b p a c t  and also as a r e s u l t  of l a rge   vana t ions  
m vlsual character ls t lcs  of modern a l r c r a f t  due t o  a lack of basic 
standards. 
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The Department of the Army, cognlzant  of  the problem already 
e x l s t m g  In flxed-wmg  aircraft  and r e a l i z a g   t h a t   t h i s  same problem eas l ly  
could become a serlous  defect In  hellcopters, decided t o  sponsor a study of 
the cockpit v isua l   chmactermt lcs  of helicopters.  D u r m g  1955, the C i n l  
Aeronautics Admmlstrattlon (CM) Technical Development Center (TDC) commenced 
thm mvest lgat ion fo r  the Department of the Army. I ts  purpose was t o  es- 
tabl leh,  upon some reasonable bass ,   def ini te   s tandards which would 111SUre 
adequate v is lb l l l ty   for   the   sa fe   opera t ion  of hellcopters durlng the  per- 
fomance of a l l  noma1 flight and p l l l t a r y  -ewers. In thls broad mnves- 
t lgat lon,   several   d l f ferent   l ines  qf approach are under way.  l%e P l o t  
questlonnalre and supportlng  data  presented m this report  represent one 
l m e  of approach,  supplymg  contrlbutory  data  but  not a f lna l   so lu t lon   t o  
the problem. 

Whlle the evaluation of s p e c l f x  wmdscreen  outllnes 1s based on 
pllot   oplnlon as expressed m the  questlomaire,   the  angular measurements 
dlscussed  herem were made wlth a bmocular   cockpl t   v ls lbl l l ty  cameral 
developed at  TDC f o r  t h ~  purpose. Some informatmn  derlved from a stddy 
Of he l lcopter   f l lgh t   pa th  performances i s  presented  here m support of 
various data  derlved from the  questlomawe. 

E3LICOPTER DATA 

Cockplt  Vlslblllty. 
The qua l l ty  of e x l s t m g   v l s l b l l l t y  from the H-13G, H-19, R-21, 

was recorded  wlth  the  Center's  blnocular  cockplt  vlslblllty camera. The 
photographs,  as  well as f ront  and profl le  photographs of each  helicopter, 
are  presented m Appendlx I. Data  contained In the photographs were re -  
duced fur ther   to   t abular  form  and are  presented m Table I wlth supplemen- 
tary  lnformatlon  concerning  lmeal  relatlonshlps of the  pl lot   to   the  cockpi t  
and the ground. The e@-level  posit lon m a cockpit m l l  vary n t h  each In- 
dlv ldua l   p l lo t ,  dependlng  on h ~ s  helght and the type of seat .  This vanat lcm 
W l l l  be greater m those  hellcopters which do not have adJustable  seats. All 
blnocular  vlslon  photographs were obtamed at   the  eye-level  Locatlon of a 
p l l o t  of average height, namely, 5 f e e t  10 1/2 mches.   In reduclng the pho- 
tographic  data  to  tabular form, any obstruct lon  to   vls ion over an arc equal 
t o  or greater than 10' wa6 considered signlf lcant ,  and cutoff  angles were 
measured t o  this pomt.  When the  copllot  obscured  portlons of the  cockpit 

H-23, H-29, H-31, H-34, H-37, XH-40, HOK-1, BRS-3, a d  CH-1 hellcopters 

1 
Thomas M. Edwards, "Development of  an  Instrument f o r  Measuring 

Aircraft   Cockpit   Vlslbll l ty  Llmlts," CAA Technical Development Report No. 153, 
January 1952. 
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windows o r  openmgs,  the  cutoff  angles were measured t o  the copilot's body. 
A l l  b m o c u l a r   c o c b l t   v l s ~ b i l l t y  mecsurements were made mth the  CopllOt'S 
sea t   occupld  s o  that   actual ,   ra ther   than  t f leoret lcal ,  openmgs were 
recorded. 

True appreclation of the   binocular   cockpl t   v ls lbl l l ty  photographs 
shown m Appendix I requlres a knowledge of t he   lml t a t ions  of the   mst ru-  
mentatzon. The bmocular cockpit v l s l b l l l t y  camera records  the  true  f leld 
of new,  mcludmg binocular effect ,  of a pllot  scannlng  the  horlzon  wlth 
smple  head rotation. The resul t lng  out lmes  can be  used to   descr lbe  cock- 
pit v l s l b l l l t y  lmmltatlons  based on s m p l e  head  rotat;on m a horlzontal 
plane and eye movenent. The bmocular   cockpl t   v l s lb l l l ty  photographs 111 
Appendlx I should  not be  used to de temme  abso lu te   lml t s  of  foveal  vlsion 
I n  any dlrect lon s w e  the pilot's viewpomt and vzsual  cutoff  angle w l l l  
change wlth  ver t lcal  head  rotatxon as shorn m Flg. 1, Normally, a p l l o t  
can  be  expected t o  use eye movement only t o  15" m any dlrect lon from the  
centroveal  posltlon. Beyond l5", head movement must be consldered. The 
dlfference between the tn:e and apparent  vlsual  cutoff  angles 1s a functlon 
of the  elevation angle from the horlzon and the  dlstance from t he   p l lo t ' s  
vlewpomt to   the  wind8hcMd. The true cutoff  angle mll  always be smaller 
than  the  angles  glven 111 the  blnocuLar  cockplt v l s l b l l l t y  photographs. When 
Judging areas of v l s l b i l l t y ,  It  must be remembered that   the   spherical  limits 
are  projected on a grld smllar t o  a Mercator  orojectlon. The true s o l d  
angle of vlslbil l ty  therefore  decreases  wlth  mcreasing  elevatlon  angle 
above and below the  horlzon. 

Another fac tor  whhlch influences  the v i s l b l l l t y  limits 18 head 
movement. The increase m visibility resu l t lng  from movement of the head 
toward a p a r t l c d a r  window 1s mversely  proportional t o  the  dlstance from 
t h e   p l l o t ' s   e y e t o   t h e  wlndow.  The closer  the wlndow, the  greater is the 
Increase   In   v l s lb l l l ty  w l t h  a glven  mount of head movement. Thls 16 pas- 
t i cu la r ly   mpor tan t   durmg use  of the slde wmndow, whlch generally 1 s  very 
close  to   the  pl lot .  

Fllght  Characterlst lcs.  

f l lght-path  angles ,   hel lcopter   a t t l tudes,  and so for th ,  i s  essent ia l   In   the  
conslderatloa of cockplt   vlslbll l ty  requirements.  Thls mformatlon was ob- 
tamed  through a photographlc  study of vax1ous hellcopter maneuvers.  Three 
special-purpose cameras were located as shown m Fig. 2 to  record  the  nec- 
essary  data.  A Falrchlld fllght analyzer, Flg. 3A, was used t o  record a 
s t r a l e h t  flight path, Flg. 39, o f  approxmately 1,200 f e e t  mncludmg the 
touchdown pornt. A Varltron camera, Fig. 4 ~ ,  o p e r a t u g   a t  2 frames per second, 
Was used to   record  the touchdown area and approxmately 200 f e e t  of the 

A knowledge of the  f l lght   charaotermtlcs  of hel lcopters ,   that  is, 



adJacent  f l lght  path,   as shown rn Flg. 4B. k Trald camera, Flg. w, remotely 
cont ro l led   to  expose one frame, Flg. 3, each  tlme  the  Falrchild fllgbt 
analyzer exposed a segment, was used to   de tec t   c rab  o r  yaw. 

The fllght analyzer must t rack  a SUbJeCt a l r c r a f t  along a portlon 
of the f l lght  path  equal  to  one-fortieth of the  offset  dlstance  before  the 
shut ter  w i l l  t r l p  and expose a s t r l p  of the negative. Orlgmally,   th is  
caused some concern l e n t   c r l t i c a l   a t t l t u d e s  occur durmg the  perloil of gen- 
e r a l l y   v e r t l c a l   f l l g h t   t h a t   o c c u r s   a f t e r   t h e   f l a e  but before  touchdm and 
remam  undetected. The Vexitron  sequence camera was used t o  study  this  perlod 
Of f l l g h t .  Thls phase of the  study mndlcated t h a t   c r l t l c a l   a t t l t u d e s  ex- 
ceedlng  those  bemg recrr.ded w l t h  the flight anzlyzer were not  occurrmg in 
t h s  area,  therefore,  the  data  obtamed  wlth  the  Fairchlld fllght analyzer 
as  presented  herean considered complete. 

The flight analyzer was med  to   recon3 the performance of f lve 
maneuvers. c r u u e ,  normal approach,  normal takeoff,  steep approach, and auto- 
rotat lon.  Due t o  the  character ls t lcs  of the camera descrlbed above the 
of fse t   e l s tance   as   lndxated  m Flg. 2, t h l s  c e r a  was not  used t o  secure 
confmed  area  data or maneuvers lnvolvlng  near-vertlcol performance. A 
s m a y  of the  data  obtalned LB presented a P$pendFx 11. 

QUESTIONNADW STUDY 

Procedure. 
The quest lormare was developed from a slmllm one used  by thls 

Center  to  study problems  of v1s1blll ty from the  cockplts of transport  a=- 
craft.2  Thls  questlonnalre was dmcussed w l t h  individual p l l o t s   a t   F o r t  
Rucker, Ala., t o  determine whether o r  not .  (2) It c o u d  be e a s l l y  under- 
stood, (a) the   p l lo t s '  answers  could be eosllr  a t e r p r e t e d ,  and (c)  We 
questlomane  lncluded all mfoinatlon  these pllots bel leved  per tment   to  
this study. f is a r e s u l t  of these  dlscusslons w l t h  pl lo ts ,  some mlnor  changes 
were made In  the  orlgmal  questlomame. 

Later, 20 p l lo t s  completed the  questlonnalre durmg f lve  group 
mtervlews. A t  thLs  tlme,  (luestlon 9, deal-ag ?n th  vlsual references, wc6 

added. The questlonnalre, as It was  d l s t r l b u t i - 2   t o   t h e   e n t r e  group of PI- 
l o t s ,  1s reproduced In fippendlx 111. The questlonnalre was dls t r lbu ted   to  
pilots In the field d l rec t ly  and a l s o  by mall through  Post and v a 1 0 ~ 8  

e 
L. Plgman and monas 14. 33war6s, "Aulme P i l o t  QuestLon- 

nawe  Study On Cockpit Vls lb l l l ty   Problem,"  CfA Technical Development 
Report No. 123, September 1970. 
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Contlnental Army Comends. An ad3ressed  return  envelope was mcluded  for 
maillng  the  completed  questionnall 'e  dlrectly  to &the CAA TeChnlCal 
Developent  Center,  Indzanapolis, Ind. 

Flve  hundred and th i r ty- f lve  completed questlonnames were 
returned,  representmg 39.9 per  cent of the   or lgmal   dls t r ibut ion.  The data 
contamed YI these   ques t lomanes  were t r sns fe r r ed   t o  punchcards, and the 
f inal   tabulat lon,   c lass i f icat ion,  and t o t a l l za t lon  of &aha were Camled Out 
by machir-e. Pr lor  t o   t h e  find machine analysis, a pre lmlnary   inves t l -  
gatlon of vanoua groupings was conducted wltA 135 completed questlonnalres. 
Answers t o  Questlons 4 t o  9, mcluslve,  were grouped according t o   t h e  pilots' 
experlence as determmed  by t h e l r  answers t o  Questlons 2 and 3. Those 
groupmgs which evldenced no defmte  pat tern were ellmmated. The remaining 
grouplngs  then were used  as  the basls for  the mechme analysls of the 535 
completed  qdestlonnalres  tinat were returned. 

General  PresentatLon and Llmltatlons of Baslc  Data. 

he l lcopters   l l s ted  111 Table 11. The number of p l lo t s  znswerlng  the  ques- 
tionnalre  for  each of these  hellcopters  vaned  conslderably.  The nmber  of 
completed questlonnalres  returned for the H-31 and H-37 hellcopters was con- 
slriered, m each  case, t o  be too small t o  be s l g u f l c a n t .  The answers of 
the H-25 p i lo t s  were mcluded, however, the srnall sampllng  must  be 
Considered when applymg  these  data. 

Answers to   t he   ques t lomane  were recelved  for  each of the  e ight  

Most  of the  hellcopters covered by thls study have  vlsUal  cutoff 
angles  that   the  pilots  as a group conslder  adequate. Because of thls fac t ,  
It is dlfflcult   to  determme  accurately,  based on pl lot   opmlon,   the  exact  
areas m whlch visual cutoff  engles become c r l t l c a l .  

The data  obtamed  for  the v&zlous flxed-cholce  questlorn  are 
presented  elther m terns  of the percentage of all p l lo t s  or tile percentage 
of each group of p l lo t s  answering. mere  quant l tz t lve  es t lmates  were on an 
unrestricted baszs, the mem value was used. 

DISCUSSION OF QUESTIONNA~ DATA 

Questlon 1 - P i l o t  Height. 

helght and pllot   opmlon. Subsequent work has not  supported thm bel lef  and 
these  data  are  not  presented  here. 

Ear ly   f ie ld  work indicated  a  possible  carrelatlon between p l l o t  
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Question 2 - P l l o t  Experience - General. 
Here, as In Quest-on 1, ear ly  work mdicated a posslble 

relat,-onshlp between v a s i o ~ s  ksnds of p l l o t  exper;ence and pllot  opinlons. 
The qdestlonnalre resl.7lts and the flight-path s t u h e s  have not  revealed any 
deflnl te   re la t lonshlp between the  nmber of years a pllot   has  been f l y l u  
o r  t h e   t o t a l  number of hours flylng  tune m varlom  types of a l r c r a f t  and 
hls  oplnlons of the  qual i ty  of v l s l b l l l t y  fron the  hellcopter;   therefore,  
these  data  are  not  presented  here. 

A trend was evidenced u1 QuestLon 6 concernmg  the amount of 
obstruction  acceptable when  cmp&-ed t o   t h e  pilots' total   hellcopter  exper- 
ience;  therefore, the d ls t r lbu t lon  of total   f lying  experlence m hellcopters 
has  been  mcluded, and 1s g ~ v e n  m Table 111. 

Pllots who had 50 hours more m all a l r c ra f t   t han   t he i r   t o t a l  
hours m hellcopters were considered t o  have both flxed-wmg and hellcopter 
experlence. Thls def in l t lon  i s  based on the   fac t   tha t   the  mmmm requlre- 
ment for  a pr lvate   pi lot ' s   l lcense 1s 40 hours '   total   f lying  tune.  The p l l o t  
dlstributlon  accordmg  to  type of experlence 1s mdicated m Table IV. A 
further  d?scusaion of data where type of eqe r l ence  1 s  a conaideratlon 1s 
found under  Questlon 7. 

Questlon 3 - Pl lo t  Experience - Speclflc. 

type of hellcopter  considered. A d i s t r lbu t lon  of pl lots   accordme  to   the 
type of hellcooter most frequently  used IS contained m Table 11. The pre- 
l m m z s y  analysis lndlcated  that  the exper Lence m par t s  "b" and "c" of 
Questlon 3 had no Influence on the  remamug  questlonnalre  data,  therefore, 
thls lnformatlon 1s not  presented  here. 

Conslderable  use was made of a breakdown of answers  based upon the 

Quest lm 4 - External  Portlons of Amcraft  Vislb3.t fi'or?J'Coo&@&4$t. 

answering the  questlonnalre  desire t o  see sone external  portlon of ths h e l l -  
copter. These resulzs   are  shown graphically In  Flg. 6. Elgbty-three  per 
cent of the  pl lota  n s h  t o  see  the mam rotor   t lps ,  71 per  cent of the   p l lo t s  
wlsh to   see  the mmn wheels o r  skxds, and 20 Ter  cent of the   p l lo t s  msh t o  
see   the   t a l l   ro tor .  A r e l a t lve ly  small nmber of p i lo t s   des i re   to   see   the  
m m n  rotor head. Thls does not  necessarllJ  m a n  t ha t   t h l s   l oca t lon  1s m- 
Important, when compare2 with thz other two locatlons. The mam r o t o r   t l p s  
and maln wheels or sklds were l l s t e d  m the quentlonnalre and merely  needed 
a check mark t o  answer,  whereas the  other  locatlons were suggested 
spontaneously  by  the  pilots. 

The r e p l l e s   t o  this question show t h a t  88 per  cent of the   p i lo t s  
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The fac t   tha t   the   par t lcu lm model hel lcopter  m whlch a p l l o t  
Currently does most of h;s flylng  has a strong  Influence on the piLot's  de- 
an-e  to  see the wheels or s b d s  i s  shown m FIG. 7. Pi lo t s  of H-21 and H-25 
hellcopters who cannot  see  the wheels readi ly   a re  much less  deslrous of 
seelng th;s vlsual  clue than pllots   f lying  hel lcopters  where the wheels are 
more eas l ly  seen. 

Several  other  portlons of the aircraft, lncludlng  the  ta l l  wheel, 
r m m g  llghts, posl t lon llghts, passenger door, swash plate,  lltter pods, 
transmlsslon, an6 the  coollng  fan, were speclfled  by  pilots under  Questlon 4, 
but m each  case,  these  represent&  less  than one per  cent  of  the  pllots 
answermg. 

Question 5 - Maneuvers for  Which Maxlmum Vl s lb i l l t y  1s Required. 

seen that the   p l lo t s   be l leve   tha t   the  maneuver 111 whlch good v l s l b l l l t y  15 
most urgently required 1s landing in  a conflned area. The autorotatlon 
lmdlng  1s their  next  choice,  whlle  hovermg for  rescue or similar ground 
work placed t h u d  m their   preferencs.  

Questlon 6 - Obstructions t o   V l s l b l l i t y .  

which glves  the  asdthmet;cal mean  of numerlcal  ratlngs  for  each azmuthal 
sewent   speclf led 1n the  questlon. It was assumed that   the  pilot was seated 
on the   r lgh t   s lde  of the hellcopter.  

The data from thls  questlon  are  presented 111 Flg. 8. It can be 

The resu l t s  of  the  replles to Qucstlon 6 me shown m Flg. 9, 

The mean values  can  vary from 1.00 t o  3.00. If it 1 s  assumed 
t h a t  a mean value of 1.50 o r  less corresponds t o  Condltlon (1) on the  rattmg 
scale,   mdlcoting a deslre for no vlsual  obstructlons,  then It may be con- 
c l d e d   t h a t   t h e   p l l o t s   & s u e   t o  have clear vialon  over a range of azmuth 
angles extendmg from 30" l e f t  to 40" rlght. s m l l a r l y ,  If It 1 s  aasumed 
t h a t  a mean r a t m g  value  between 1.50 and 2.50 corresponds t o  Condltlon (2) 
on the  ra t lng  scale ,  and a mean rating  value  gceater than 2.50 corresponds 
t o  Condition (3) on the  ra tmg  scale ,   then It ma7 be concluded tha t   the  
p i lo t s  deslre no obstructlon  greatez than 1 1/2 k c h e s  m proJected  width 
between the  azmuth angles 30" l e f t   t o  105" l e f t  and 40" rlght t o  110" r lght ,  
but  w l l l  accept  greater  obstructloas beyond these lmlts. The greater 
inportance  of   vis lbl l l ty  on the  near side of the  hellcopter is apparent. 

Question 7 - Downward Vlslbll1ty. 
This  questlon ms lncluded as an  addlt-Lonal means of aecurmg 

d a t a   r e l a t l n g   t o  downwwd cutoff  angles. The pilots were requested  to  glve 
the desired m i n m u m  horizontal  distances along  four  dlrectlons of sight under 
two flight condltlons, comlng t o  a hover  prlor  to  landmg and a t   t h e   m s t a n t  
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of  touchdown. The folr   dlrect7ons of s lgh t   a re  shown 111 Flg. 10. The  mean 
values of the  distances m each  dlrectlon, by hellcopter of Prime use, are 
contamed m Table V, wlth a comparison of available and desired d0Wnwaz-d 
cutoff  angles ~ 

The results  also  are  presented  in  Table V I ,  wl th   re la t lon  to   the 
type of flight experlence  recorded by the pl lo ts .  Pl lots  wlth  only  hell- 
copter  experlence  generally  deslred  greater  vlslbll l ty than pllots   wlth 
flxed-wmg  aircraft  experlence. The only answers of emaller mean values  for 
flxed-wing a n c r a f t  experlence were those of H-23 p i lo t s .  In t h l s  case,  the 
sampllng 1 s  subJect to questlon,  smce only t en  answers, o r  two per  cent of 
the  total  response, were from H-23 pi lo ts .  A larger and more representatlve 
group of answers  mlght not  have  supported t h s  variatlon. 

Questlon 8 - Evaluatlon of Speclflc  Hellcopter  Bemg Flown by P l lo t .  
The d ls t r lbu t lon  of responses t o  Quest-on 8 by hellcopter of p rme  

use is  shorn 111 Table m1, expressed as a percentage of t he   t o t a l  response 
for   the  group  Judgmg the particular alrcraf t .   Since  the  pl lots  m the H-25 
are sea ted   to   the   l e f t   as  opposed to  the normal r q h t - s l d e   s e a t l n g   f o r   h e l l -  
copters,  the columns for  response t o  the quality o f  v l s l b l l l t y  sldeward are 
reversed m Table VI1 to ref lect   the  normal nem- and far-s lde comparison. 

A s  speclfled in  the  questlon,  Class 1 s lgmfles   exce l len t   v i s lb l l l ty ,   Class  
2 sqpnlfleo  adequate  vlslhll l ty,  and Class 3 s lgnlf les   kadequate   vls l tnl l ty .  
There also is shown XI Table VI1 the mem est inatzm  value (M) f o r  each 
hel lcopter  and for each maneuver. Thls 1s the  welghted mean value  for  the 
three  numerical  ratlngs. These mean values can vary from 1.00 t o  3.00. A 
mean value of 2.00 would correspond t o  adequate v l s l b l l l t y ,  and the amount 
Of var ia t lon of the mean value from 2.00 corresponds t o  the  degree of 
SuPerlOrlty or i n fe r lo r l ty  of v l s i b l l l t y  conpared t o  adequate v l s i b i l l t y .  

None of the  hellcopters  consldered were rated  inadequate m 
v l a i h l l l t y  on average r a t ing  b a s u  although v l s l b l l l t y  was rated more 
c r l t l c a l l y   i n   c o n w c t l o n  w i t h  speclf lc  maneuvers. 

proxmlty of t h e   p l l o t   t o  the wndshleld m a glven  dlrectlon 
appears t o  be ref lected u1 the  pzlots '   ratmgs. For example, the E-25 h e l l -  
copter  has a smaller  cutoff angle f o m d  ma up tha the ~-19, yet It IS 
rated  superlor t o  the H-19 m t h u   r e s p e c t ,  The cleslgn of the  wmdscrcen 
a p p a e n t l ~   p e m l t s   t h e   ~ l l o t   t o   l n c r e a s e   m a t e r l d l y   t h e   a v a l l a b l e   v l s l b l l l t y  

the H-25 with acceptable head and body movement. 

Question 9 - External  References  Durlng  Manewers. 

lncluslon of these  data. 
Insufflclent replies were recelved  to  Ltuestlon 9 t o  warrant 



9 

P l lo t  Comment on Miscellsneous  Vlslbllity Problems. 

were of such a nature  that  they  could  not be  inclvded  under any  SpeClflC 
question. These comments dea l t  wlth s p e c l f i c   v l s l b l l l t y  problems, and, 111 

some mstmces ,   the   p l lo t s  proposed  correctlon. Some of these  coments  are 
presented below. 

A t o t a l  of 56 p l o t  coments,  recel-Jed n t h  the  questlonnalres, 

Fifteen €I-34 p:lots comnected on poor vlslbl l i ty   durlng  formatlon 
f lpn ,? ; .  Through mtervlews  wlth H-34 p l o t s ,  It was determined that they 
were ooncerned nth the  vlslbll l ty  obstructLon  caused  by the magnetlc compass 
dur lng  turns while  flglng  echelon rlght formations. 

Thirteen  pllots rnentloned v l s l b l l l t y  t o  the  rear .  Two of these 
p l lo t s   spec l f lca l ly  recommended rear -new mirrors. Durlng July 1957, H-34, 
E-19, and XH-40 hellcopters were observed  operating e t  For t  Rucker, Ala., 
wlth  rear-view mirrors. 

Three E-13 p l l o t s  and three H-21 p l lo t s  wanted the mstrumeat 
console lowered. Two E-13 pllots recowended that the  console be s e t   a t  a 
45" angle to reduce Its helpht. 

Two H-23 pilots  noted a need for wmdshleld  mpers. 

A need f o r  mprovement L T ~  defroster  cqulpnent also was noted. 

V i s l b l l l t y  Forward and Downward. 

and downwwd from the  hellcopter.  
Three questions, Nos. 4, 7, and 8, r e l a t e  t o  v l s l b l l l t y  forward 

In the  dmcusslon of Questlon 4, It wits s ta ted   tha t   the   p l lo t s  
conslder good v l s l b l l l t y  1s most urgently  required  for lmdlng i n  a con- 
fmed  aren, The m a x m u n  r e s t r l c t i o n  for  a  confined  area would requlre  a 
ver t lcel   descent  from a hover t o  accorn2llsh a successful  landmg. It i s  
therefore assumed thct   the   hel lcopter  would  be m an essentially l eve l  
a t t l tude   a t   the   Ins tan t  of touchdown. 

I n  Flg.  11, the maxlmum m e ~ l  r a t l n g   f o r  a l l  condltlons  forward 
and downward m each hellcopter,  as determmee b;r r ep l les  t o  questlon 8 and 
shown In  Table V I I ,  has  been plot ted against the  avalloble  visual  angles be- 
low the  horlzon shown m Table I. A smooth curve  has  been dram to   repre-  
sent  the  average  value of these  ra tmgs.  This curve  crosses  the  adequate 
r a t m g  lme discussed m Questlon 8 a t  a cutoff aslglc of  29O. 
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V l s l b l l i t y  Forward and UpwUd. 

forward and upwsrd under various condltions  hes  been  plotted  agamst  the 
actual  cutoff  angle.  Slnce all of t h e s e   p o l n t s   f a l l   f a r  below the m u m m u  
adequate r a t m g   l i n e ,  r t  18 apparent  that   the  pllots do not COMlder any of 
the  hellcopters l l s ted  as havmg 4 vlsual  pro'Jlem fo-d Wd UPWmd. A 
smooth curve dram through these pomts  Intersects   the mlnmum adequate 
r a t ing  lme a t  a cutoff  angle of 26". 

V l s l b l l l t y  m the  Left   Sector.  

questlonnalre  rather  than  belng  separated  Into  lndlvldual components.  For 
thls reason, It 1s not   poss lb le   to  make the   d l rec t  compwmon  such as was 
made f o r  v l s r b l l l t y  forward. The over-all r a t l n g   f o r   v l s l b l l l t y   t o   t h e   l e f t ,  
however, has  been plotted  agslnst   the  lndlvldual  cutoff  angles  that  comprlse 
v1s1b111t>- 'La tEc Lefk seetor.  

I n  Fig, 12, the maxmum mean r a t m g  f o r  the  vlsual  cutoff  angle 

The v l s i b l l l t y  UI the l e f t   s e c t o r  was r a t ed  as a wkole in  the 

Flgure 13 gives a companson of the ln8ximm mean r a t lng   fo r  
v l s l b l l i t y  t o  t h e   l e f t   n t h   t h e  upward cutoff angle a t  90" t o  t h e   l e f t .  A 
smooth curve  representmg the average of theae polnts  crosses the mmmm 
adequate r a t m g   l m e   a t  a. cutoff angle of 15". 

In the discussion of Questlon 4, It was pomted  out  that  71 per 
cent  of the   p l lo t s  wantea to   see  the mam ro to r   t l p s .  Table VI11 l m t s   t h e  
Cutoff angle 90" t o   t h e   l e f t  and upward t h a t  1s requued   to   the   t lp   p lane  
Path a t  that point. These m@es a l l  a r e   l e s s  than the 15' determlned m 
Fig. 13. The 15O ande   l eaves  some l a t l t ude  in all t he   he l l cop te r s   l u t ed  
m Appendlx I. 

Table V I 1 1  was computed wlthout  conslderlng  the  conlng mgle of 
the v a r ~ o u 8  hellcopters.  The p l l o t  oprnlon  expressed  In  replles  to  Questlon 
4, however, places  sufficlent emphasis on seemg the ro tor   t ips   to   warran t  
reevzluatlon of t hm angle t o  meet the speclf ic  need If the  conlng  nctlon 
of the  blade makes lt lmposslble t o  see the r o t o r  b p s .  

F ~ g u r e  14 shows a comperlson of  the mrxmum mean r a t l n g  for  
v l s i b l l l t y   t o   t h e   l e f t  mth the downward cutoff  angle 90" t o  t h e   l e f t  Tor 



var~oun  helicopters.  A smooth curve  representing  the averse of these 
polnts  Intersects  the mlnimm adequate r a t m g   l i n e   a t  a pomt  representing 
a cutoff  angle of 2'9". 

I n  Fig. 15, the mammm mean r a t m g s  for v l s l b l l l t y   t o   t h e   l e f t  
are   plot ted  agamst  the azimuth cutoff  angle  to  the  left .  It 1s apparent 
t ha t   t he  H-13 data are inconsistent wlth  the  other data. Thls ~r*.tr&g $ t ~  re- 
f lect   the   mfluence of the   @eater   v l s lb l l l ty   avas lab le   to   the  H-13 p l l o t  a 
short   dlstance above the  horlzontal  reference  plane  used t o  measure these 
cutoff  angles. E tne E-13 data  are  dmregarded, a stralght lme repre- 
sentlng  the average of the   remainmg  poxts   c~ussea   the  mlnmum adequate 
r a t m g   l m e  at a pomt  representmg a vlsual  cutoff  angle of 90.5". 

Vis lb l l l t y  m the Right Sector. 

v i s l b l i i t y  to the rlght wlth the upward cutoff  angle 90" t o   t h e  rlght. The 
dls t r lbut lon  mdlcated b.; this graph varles so s l i g h t l y  from a comon  horl- 
z o n t a l   l m e   t h a t  no  conclusion  can  be macle from these  data  concernmg the 
mmmm &equate  cutoff engle. 

Figure 16 glves a comparison of the maximum mean rat ings fo r  

If, however, t h l s  angle 1s dessgned to  provlde an adeqaate 
v m l b l l s t y  area t o  conplg w-Lth the   p i lo t s '   s ta ted   des l re  to see  the  rotor 
t ips ,  Table V I 1 1  can be used t o   d e t e n n e  t h l s  mmlmm adequate  vlsual 
angle. If the  coning  actlon of the rot;or blade 1s dlsregarded,  the m l n l m m  
adequate  angle t o  rratlsfy t h 9 s  requxremcnt 1s 15". In tkree  Instances, 
however, t hm angle would permlt no blade conxng. Thls  condrtlon 1s unre- 
a l l s t l c .  TO provlde for  an average  conlng a l e  of 50 t o  70,3 the  cutoff 
angle 90" t o   t h e  r x g h t  and upward should be 20".  

In FIE. 1.7, the   ra tmgs  f o r  v l s lb l l l t y   t o   t he   r l gh t   a r e   p lo t t ed  
against  the downward nsual   cutoff   angles   to   the rl@t. Agaln, a curve  has 
been  used to  represent  the  average of these p o u t s .  Thla  curve  mtersects 
the mlnimum adequate r a t l n g   l m e  a t  a p o u t  representmg a cutoff  mgie of 
40.5". 

The  maxlmum mean r a tmgs  f o r  v l s x b l l l t g   t o  the rlght have been 
plotted  agamst  the  azmuth  cutoff  angle  to  the right m h g -  18. A smooth 
curve  representmg  the  average of these  pomts  lntersects the mlnmum ade- 
quate  rating lme a t  a pomt  representmg an azlmuth cutoff  angle of 
looo. 

3 
Raymond A. Yobng, "Hellcopter  Engmeermg, " The Ronald Press 

Company,  New York, IV. Y., 1949, p. 177. 



Combined Violon Requlrements. 

made ln answering the  dltferent  quest:ons  cmc-rnng  VlELbllitY from the 
coc-kpplt along various dlreccions of s rght  have  been comblned mt0 one gen- 
e r a l  and coordinated c e t  of requlreaents m Flg. 19. Tnls mnchcreen Out- 
l m e  ahould be acceptable  throJghout  the  range of cockpplt measurements 
l i s t e d  In  Table I, wlth  the  posslble  exception of the H-37. Eel;co&ro of 
th in   lmger  ome were not m general  use a t   t h e   t m e   t h e   q U e s t l O D l r e  
dlstrlbutcd;  therefore,  nufflcyent data ?.re not   avc l lab le   to   peml t   re lmble  
predlctlons  concerning  the applicability of t h l s  windscreen  Odtllne t o  
hellcopters of t h s  and l a r g e r   s u e s .  

The concl-uslons b a t  have been drawn fr0n the  pllOt  eSt;mates 

The vertlcal  post  mangercents  presented uz Fig. 19 have  been 
t ranslated from the   re ierence  plmes of Flg. 9 to  those of Flg. 19 based on 
the cockpit meaaurenents listed there. The data 111 Flg. 9 are a$plicable 
throughout  toe range of cockplt meazwemento :resented m Table I became 
they have been  derlved  mdependently from the  cockplt measurements. 

The data  presented  here  are booed on the  requirements of the 
several   hellcopters.  Ob.,.mus dlfferences m flight c h a r a c t e r l s t x s  are 
nhown m Apzndlx IIe Belicogtero w x t h  such a wide var la t lon in f l l gh t  shrr- 
a c t e r l s t x s  w l l l  have varymg  vlsual  requlrements however sllght these dlf- 
ferences  nlght  be. To provlde on? unlversd  oolutlon,  the  extrene  case  has 
been  consldered  In  each rn-stance. 

CONCLUSIONS 

1. The d2ta  secured &om the 535 ques tmmalres  completed by 
hellcopter  pllots  me  reasonably  consistent.   In  general ,  v e q   l l t t l e  d l f -  
f f rence  exmts  between pllots  havmg  dlffercnt  onomts of experience. More 
dlsagreement on general problems 1s found between p i l o t s  flylng different 
models of' hellcopters.  T h u  difference of 0p;rnon probably IE associated 
W l t h  v l s l b l l l t y  an& operatlng  chnracterlst lcs  cf  the he l lcopter   to  which 
the pilot 1s accustomed. 

2. Vmlb:llty m e forward and domward dlrectlon, whlch 1s  c r i t l c a l  
durlng 211 landing mzneuvers, 1s adequate lf It fxtendo 29' below the 
horlzon. 

3. B l o l b l l l t y   i n  a forward and upwar? d l rec t lon  1s c r l t l c a l  durmg 
nmmm performance  takeoffs and, t o  n lesser   extent ,  m other  takeoff 
mcneuvers. V l s lb l l i t y  ln  t h s  area 1s adequa-ce If it extends 26" above the 
horlzon. 
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4. Vl s lb l l l t y  t o  the s;6e l a  the most c r l t l c a l  durlng conflned  area 
operatlons. To be rated  adeqhate ,   v ls lbl l l t ;   to   the  lef t  must be provlded 
through  an  azmuth  angle of 32'. The azimuth  angle to  the rq$t should  be 
100". 

Vls lb l l s ty  upward a t  90" t o   t h e   l e f t  should  extend 15" above the 
horlzontal, whereas v l s l b l l l t y   a t  90" t o  the right should  extend 20" above 
the  horlzontal. 

V l s lb l l l t y  dmnward a t  90' t o   t h e   l e f t  should  extend 30" below the 
hor-zontal, and v l s l b l l l t y  do%mward a t  90" t c ?  the  rlght  should  extend 40" 
below the  horlzontal. 

5. A maJorlty 03 p;lots  desire t o  see  the  rotor   t lps  and  the mm 
wheels or  skids. They want to   see   the   ro tor  t;ps w;th moderate  head and eye 
movement but Ere almost  evenly  dlvlded  concernmg  the amount of movement 
requlred  to nee the wheels o r  sklds. 

6. The requlremento I l lus t ra ted  rn Fig. 19 are not  consldered 1n any 
sense a f l n a l  answer to   the   he l lcopter  coclqmt v l s i b l l l t y  problem. The ques- 
t lonnalre method of mvestlgatlon  has  baslc weaknesses whlch lead   to   l ack  of 
preclslon and need for arbitrary lnterpretzt lon.  Thls method cannot  reveal 
baslc   prmclples  whlch are  necessary f o r  complete mderstandmg of the  vlsual 
cues unconsciously used by the   p l lo t  In the performance of var lous   meuvers .  
It 19 bel leved  that   the   resul ts  of the  questlonnalre, however, have strong 
PrOVlSlOnal val ldl ty ,  and, m par t lcu lar ,   tha t  a hellcopter  cockplt wind- 
screen OUtllne, ln agreement wlth  that  presented In Fig. 19, would be claa- 
s l f l e d  by the  average  pllot  as  provldlng satisfactory v l a l b l l l t y  from the 
cockplt. 

Acknowledgment 1s made t o   t h e  Army Avlatron  School,  Fort Rucker, 
Ala., 4th  Trausportatlon Co., Eellcopters, Light,, H-34, Fort  Bennlng, Gn., 
3rd Trmsportatlon Co., Hellcopters,  Llght, H-21, Fort  Belvolr, Va., mx-1, 
Narine Corps A l r  Statlon,  Qumtlco, V s . ;  ani. Slkorsky  Dlvlslon, Tjnlted 
f i l rc ra f t  Co., Brldgeport, Conn., os well as the p l lo t s  who completed  ques- 
t l o m l r e s ,  for  the  cooperatlon  received ln the  study  presented m t h l s  
report .  



Helicopter 

W1de 

€I-13 H-19 H-2 i  
Console 

Nlrrow 
Consolc 

H-21 H-23C 

42 20 

141 128 

25.5  39.75 

P l l o t  Eyc Dlstrzncc t o  Wlndscrcen at 38 42 52-5 52.5 89.5 
90° R l & t  I n  Inches 



11-31 

Rlght 

5 .5  

44 

1.6 

3.9 

88 

42 

87 

98 

112 

30* 

42 

66 

E- 34 

Rlght  

5 - 5  

1;L 

1.6 

3 .? 

70 

24 

112 

148 

20 

33" 

1 

70 

130  5 

H-37 XH-40 

k g h t  Rlght 

5.0 h.9 

40 39 

1 2  1 3  

3.0 3.6 

126 35 

17 55 

123  125 

162 113 

1 2  22 

20* 22* 

3.4 2: 

51 58 

135 5 - -  

15 25 21 25 -- 

41 75 39.75 20.5 2; - -  

14.5 40.5 48.25 G7 25 -- 



Note 1Any obstructlon loo i n  wldth or greater  1s considered the v l s u d  llmlt. 
1 - Vlslon  obstructea between !go and so above horizontal plme.  
2 - Copilot 1 s  not  Included. 

* - YOo obstructlon by copilot.  angle measured t o  lower w9a&ow edge 
3 - Copllot is comldered an obstructlon 

lmmedlately In f ront  of copllot  o r  copilot's l eps .  
** - Angle measured t o  f ront  of rotor  & e f t .  
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TmLE I1 

DISTRIJUTION OF PILOT3 PARTICIPATING 

!PET TYPE OF ELICOPTER KOST FREQUENTLY USED 
I N  THE QUESTIOITNLSFG STUDY ACCORDiigG TO 

Type of Hzllcopter 

Not Specl'led 

H - i3 
H - 19 
K - 21 
H - 23 

H - 25 

K - 31 

H - 34 

H - 37 

I 

143 

3 
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T!dLE I11 

COMPlXED WITH TOFU EkLICOPT3R EXPERIZNCZ 
DISTRIBLITIOCT OF MTUKXD QWSTIONNAI?&5 

€Iel?copzer Hours 

Not Speclfled 

9 to 299 

300 to 493 

500 bh 999 

1000 to 1999 

2000 t o  2999 

3000 to 4999 

TABLE I V  

PILOTS ANSbEXING T:EE QIJESTIONNALRE 
GROLPED ACCORDING TO TYTE OF EWEPJENCE 

Type of Experlence No. of P l l o t s  

Not Speclfled 6 

Hellcopter  Experience Oniy 158 

Hellcopter m d  Flxed-Wmg Experlence 365 



TABLE TI 

A COMPlviISON OF DESIRED VISUAL CUTOFF ANGLES WITH AVAILABLE CUTOFF  ANGLES 

Maneuver M~nmum Deslrcd Ground 
Dls tmce   ( fee t )  

Cutoff Angle Downward (degrees) 

Desired Available 
Directlon of Ssght A B C D 

Comlng t o  a Hover H-13 24 22 16 22 Extremely v a n o b l e .  The s m ?  as below. 

H-21 34 20 17 17 
H-19 23 22 17 19 

H-23 17 1 2  1 4  17 
11-25 56 30 23 30 
H-34 19 18 11 15 

* Availabble dommard an612 less than deslred.  

Note. Directlons of s q h t  are shown i n  Fq. 10. 

A B C D  
18 19 25 19 
21 22 24 22 
24 28 30 25 
27 36  32 27 
27 25 23 25 
38 33 47 '+7 

A B E D  
53 37 66 55 
32  34 83 58 
16* 30 77 65 
20* 42 4 (  47 
43 38 9" 33 
24s 33 70 52 
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Dlrectlon 
of Sl&t  H-13 E- i9  H-21 H-23 H-25 H-3b 2 

Dlrectlon 
of Slght Maneuver - ‘&en Comng t o  a Hover 

A. 14 27 14 30 19 46 58 15 -- 56 19 18 
B 14 24 13 28 15  22 21 11 - -  30 18 17 
C 10 19 5 24 lL 19 23 13 - -  
D 

23 12 10 
14 25 8 26 15  19 22 16 -- 33 13 18 

Maneuver + Durlng Lmdm&  a t  
I n s h t  of Touchdown 

Note- 1. Type of  n r c r a f t  flown - hellcopter only o r   t e l l cop te r  
a d  flxed-wmg a r c r c f t .  

2. H-25 p l o t s  p a - t l c l p ~ t m g  ~n t h l s  study tad flxed-mng 
experlence, therefore, no compar8son wzs possible. 

3. Dlrectlons o f  s l a t  are shown i n  Wg. 10. 
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TABLE VI1 

AS PROVIDED BY SFACIFIC IELICOPTWS 
EVALUATION OF VISIBILITY 

Vls lb i l l t y  Upwcxd t o  Front 

H-13 I;-Q H-23 

1 2 3  M 1 2 3 M   l 2 j M  
Tzkeoff  Run 97 2 1 1.04 65 33 2 1.38 84 13 3 1.19 

S t r a & t   C l m b  98 2 o 1.02 63 31 6 1.44 88 11 1 1.14 

Crul s e 98 1 1 1.02 75 21 4 1.29 89 9 2 1.13 

&eve1 Turns 97 2 1 1.0)~ 63 33 4 1.42 84 14 2 1.17 

F m d  Approach 98 2 o 1.02 79 19 2 1.23 75 17 8 1.33 

Hover 38 1 1 1.0: 75 23 2 1.27 85 10 2 1.37 

i a l d m g  96 3 1 1.04 81 17 1 1.21 84 8 8 1.23 

Autorotattlon 
Gllde 

Autorotzttlon 98 1 1 1.02 77 23 o 1.23  75 16 9 1.34 
LandlnL 

Performance 
MZXtlmU? 

95 5 0 1.03 61 17 12 1.51 83 14 3 1.20 
Tz.!seoff 

Lmdinf; In  
n Conflned  Ares 

Average 97 2 1 1.03 72 24 4 1.32 82 13 5 1.31 

99 1 0 1.01 79 19 2 1.22 84 11 5 1.20 

98 1 1 1.03 73 zj 2 1.29 72 15 13 1.41 

Note: In   t e rns  of the  percentage of p l l o t s  who ra ted   In  each of 
three  cattegorles. 

1 - Excellent 

2 - Mequzte 

3 - Inadequate 

Ev:luat.tlon (M) 1 s  c wel@lted zverage OP categories 1, 2, and 3 
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TBLF, 'E1 (contlnued) 

i'S PROVIDED BY SPECIFIC  ELICOPTFX? 
EVALUrnION OF VISIBILITY 

T A e o f f  Run 

S t r a g h t  C l m b  

Crulse 

bevel Turns 

Find Appr onch 

Hover 

Bmd1ng 

A u t o r o t r t m n  
Gli& 

Autorot.tlon 
Lendlng 

M2xlmum 

Vlslblllty U ~ w d  to Front 

a-23 H-25 

1 2 3  M 1 2 3  M 
eo 17 3 1.22 91 9 o 1.09 

61 16 1 1.21 91 9 o 1.09 

78 21 1 1-24 91 9 o 1.09 

84 16 o 1.16 80 20 o 1.20 

79 21 0 1.21 62 18 o 1.16 

61 17 2 1.20 91 9 o 1.09 

a1 19 o 1.13 91 9 o 1.09 
85 15 0 1.213 91 9 0 1.09 

Performance 80 17 3 1.22 73 16 9 1.36 74 19 7 1.33 
T keoff 



23 

TABLE 'JII (continued) 

AS PROVIEED BY SPECIFIC HSLICOPTERS 
EVALUATION OF VISIBILITY 

Vls lb l l l t y  Damm.rd t o  Front  

H-13 H -19 H-21 

1 2 3  M 1 2 3  M 1 2 3  M 
87 13 - 1.13 52 42 6 1.54 41 25 34 1.95 

90 9 1 1 11 53 38 4 1.46 49  28 23 1.74 

94 6 o 1.07 71 25 4 1-33 52 31 17 1.65 

91 8 1 1.09  60 35 5 1.44 54 29  17  1.63 

76 a 2 1.28 38 44 18 1.61 17 25 58 2.42 

85 14 1 1.16 50 33 17 1.67 37  35  28 1.91 

82 17 1 1.18 31 50 19  1.88 31 2o 49 2 17 

78 21 1 1.22 44  43 13 1.72 34  23 43 2.09 

77 20 3 1.26 23 36 39 2 17 17 23  60 1.83 

91 9 0 1.09 58 33 9 1.50 50 25 25 1.73 
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TABLE VI1 (conttlnued) 

EVALUATICF OF VISI3ILITY 
AS PROVIDED ay SPECIFIC HELICOPTZ~S 

Vl s lb l l l t y  Cowxrari t o  Front 

13-23 11-25 E-34 

1 2 3 M  1 2 3  M 1 2 3  M 
TMeoff R m  33  49 18 1.85 91 g o 1.09 63 34 3 1.47 

Stral,,ht  Clmb 40 52 8 1.68 91 9 0 1.09 65 32 3 1.37 

C r u s e  It9 44 7 1.58 91 g o 1.09 73 26 1 1.27 

Level Turns  52 41 7 1 55 90 10 0 1.10 69 30 1 1.32 

Find Amroach 22 33  45 2 21 73 27 o 1.27 40 51 9 1.69 

Hover zg 51 20 1.92 100 o o 1.00 48 42 10 1.63 

LaJlLLlL 20 50 30 2.10 100 0 0 1.00 39 46 15 1.61 

Auzoiotat.tlon 
Gllle 27 46 27 2.00 91 g o 1.09  54 37 g 1.55 

Autorotztam 
L ~ l Z l l I ,  14 44  42 2.28 82 18 0 1.18 27 45 28 1.23 

M Z X l I I l U l  
PerformLzce 41 45 14 1.70 91 o 9 1.18 61 33 6 1.47 
Takeoff 

Landmi,  In 
a Ccnfme?. Area 20 32 48 2.27 82 18 o 1.18 32  44  24 1.91 

AvverGe 32 44 24  1.92 @ 9 1 1.12 52 38 10 1 65 
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TABLE VII (contlcued) 

AS PROVIDED BY SIiECJFIC IiELICCPTERS 
EVUUATIOX OF VISIEILITY 

V1slb:llty ~n Left  Sector* 

5-13 11 -19 11-21 

96 3 1 1.05 46 50 4 1 58 75 19 6 1.31 

96 4 0 1.04 54 L4 2 1.48 70 25 5 1.3k 

a8 10 2 1.14 29 50 21 1.92 59 33 8 1.48 

95 5 0 1.05 44 48 8 1.65 58 35 4 1.52 

90 9 1 1.10 42 46 12 3 .T  63 30 7 1.45 

96 3 1 1.05 42 42 10' 1.75 63 25 12 1 42 

95 4 1 1.06 44 42 14 1.71 59 39 2 1.42 

94 5 1 1.06 27 44 29 2.02 53 36 6 1.45 

94 5 1 1.06 46 48 6 1.60 69 30 1 1.33 

*Evduatlons apply t o  vlslbll l ty  requlrements ~n both  the 
horizontal and v e r t l c d   h r e c t l o n s .  



E-23 11-25 

1 2 3  M 1 2 3  M 
59  36 5 1.46 18 64 18 2.00 

79 21 0 1.21 

82 18 o 1.la 
56 34 10 1.53 

73 26 i 1.28 

73 24 3 1.31 

75 22 3 1.27 

72 2a o 1.29 

40  35 25 1.85 

Avera,e 66  27 7 1.50 

36  56 8 1.72 

36 o 64 2.24 

46  54 0 1.55 

18 55 27 2.09 

36 50 14 1.77 

48 44 a 1.60 

40 48 12 1.70 

40 46 6 1.58 

34 45 21 1.87 

47  43 10 1.59 



AS PROViDPD BY SPXIFIC iLELICOPTERS 
cV.GUftTIO3 OF VISIBILITY 

H-21 

2 3 M 
5 0 1.05 

5 0 l.0j 

5 o 1.05 
11 0 1.11 

13 1 1.21 

8 1 1.11 

9 0 1.09 

g 3 1.10 

8 o 1.06 

14 6 1 27 

9 1 1.11 



73 24 3 1 30 

71 25 4 1.34 

75 23 2 1.27 

H-25 

1 2 3 M  
73 17 o 1.27 

82 18 0 1.18 

82 l a  o 1.18 

40 50 10 1.70 

82 18 o 1.18 
82  18 o 1.18 
91 9 0 1.09 

91 g 0 1.09 

91 9 0 1.39 

91 9 0 1 09 

11-34 

85 13 2 1.16 

84 14 2 1.18 

8: 13 o 1.14 

78 15 5 1.29 

81  17 2 1.22 



TJBLF VI11 

A COMPARISON OF hV!LJJIIBLE !>ID NECESSARY 
VISIOL< CUTOFF AXGLES SIDEIh '3D A i  W ; J M D  

TO SEE TEE "3 OR FRONT ROTOR TIPS 

Requlred  Avallable  Requlred  Avallable 
i a g l e  
(deg.) 

Angle Angle h g l e  
(deg.)  (deg.) (deg.) 

Hellcopter Nezx Side* Far Side* 

E-13 14.8 Unhmlted  12.9  Unllrmted 

H-19 4.9 24 4 4.4 7.8 

H-21 14.2 51.3 12.6 28.8 

H-23 14 .O 81.1 14 .O 81.1 

13-25 9.3 9.8 10.1 34.1 

H-34 8.8 1 .o 8.0 19.8 

* Due t o  slde-by-slde s e a t m g  arrangement where appllcable 



F I G .  1 EFFECT OF €lEAD ELEVATION  ON AVGULBR 
VISIBITJTY LIMITS 
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FIG. 3A THE  FAIRCHILD  FLIGHT  ANALYZER 

FIG. 3B TYPICAL  FLIGHT  PATH  RECORDED  WITH  FAIRCHILD  FLIGHT  ANALYZER 



FIG 4A THE VARITRON  CAMERA 

FIG.  4B TYPICAL  PICTURE  RECORDED WITH VARITRON  CAMERA 



FIG.  5A THE  TRAID  CAMERA 

I .- " 

F I G  5B  TYPICAL  PICTURE  TAKEN WITH TRAID  CAMERA 
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IWYMQIOIi RATING SCALE. 
2. IUNOR OBSTRUGTION PHWIISSIBLE 1 1/2" WIRE - , 
1. NO OBsmuCTIoN PEWISIBLE 

3. MlRE OBSTRUCTIOlV PEEIKC3SlBI.F. > 1 l/2" WIDE : . 

Permissible  Obedruction 

1 1/2 inches 
reeter than Lesm than 1 112 inches Bo obstruction Less  than 1 1/2 i n c h e s  

~ Greater 
t u  



4 
B 

NOTE THIS IS A PLAN VIFU OF A E K L I C O m .  DISTANCI$S 
ARE To BE GROUNLl (OR HORIZONTAL) DIS!l!AI?CB. 

NOTE: I F  THE HELICOPPER YOU ARE CONSIIIERU~G HAS TJ3E 
NORMAL PILOT'S SFAT ON THE LIEC, CONSIDER DIMElBSION D 
AS BFJNG BEMEEXI A AM) B. 

NOTE. DISTANCE "C" IS CONSIDHlED AS THE EIPPWNAZ, 
DISTANCE IUKdDIMT%Y ADJllcEAT TO TEE PIbX AND BLL 
QUESTIOIKWJRE HERE INTERPRETED IN THIS MANNW 

SEATED m. 
CAUSING "B" nmn -IC" TO BE ~ ! F U , N S ~ E D  mR 

FIG. 10 LINES OF SIGHT FOR QUESTION 7 
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< 1 0 0  
2 0 10 20 30 40 5 0  6 0  

VISUAL  CUTOFF  ANGLE  FORWARD  AND  DOWN  IN  DEGREES 

LEGEND 

0 - H-13 

-H-19 
- H - Z l  

- H-23 

A - H-25 

A - H-34 

FIG  11  A  COMPARISON O F  THE  MAXIMUM  MEAN  RATINGS  (TABLE  VII)   FOR  VISIBILITY  FORWARD  AND 
D3WN  WITH  THE  VISUAL  CUTOFF  ANGLE  FORWARD  AND M3WN (TABLE I)  

3 00 z 
k- 
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z 
d 

< 2 2 0 0  
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2 
z 3 
X 
- 

20 40 60 BO 100 120 140  160 

VISUAL CUTOFF  ANGLE  FORWARD  AND  UP   IN   DEGREES 

FIG  12  A  COMPARISON OF  rHE  MAXIMUM  MEAN  RATINGS  (TABLE  VI I )  FOR VISIBILITY  FORWARD  AND 
U P W I T H T H E V I S U A L C U T O F F   A N G L E F O R W A R D   A N D U P  



3 00  

b 
E- < 
z 
4 
G1 2 0 0  
3: - H-21 

z - H-Z3* 

3: A - H-25 (RIGHT) 

LEGEND 
d 0 - H-134. 

- H - 1 9  

3 

2 A - H-34 

2 l o o  0 IO L O  30  40 50 60  ic UPWARD  VISUAL  CUTOFF  ANGLE 

UPWARD VISUAL CUTOFF ANGLE AT 90" ro THE LEFT IN DEGREES  OMITTED 
UNLIMITED  AND  THEREFORE 

FIG 13 A COMPARISON O F  THE  MAXIMUM  MEAN  RATlNG  FOR  VISIBILITY  TO  THE  LEFT  WITH 
THE  UPWARD  CUTOFF  ANGLE  AT  90 '   TO  THE  LEFT 

0 3 00 
b 
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2 L O 0  

z 
d 
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z 
3: 
2 
3 

2 l o o  0 10 L O  30 40 50 6 0  
DOWNWARD  VISUAL CUTOFF  ANGLE  AT  90 '  I'O rHE L E F T   I N   D E G R E E S  

LEGEND 

Q - H-13 

0 - H-19 - H-ZI  

A - H-25 (RIGHT) 

- H-23 

A - H-34 

FIG  14  A COMPARISON OF  THE  MAXIMUM  MEAN  RATING FOR VISIBILITY  TO  THE  LEFT  WITH 
THE DOWNWARD  VISUAL CUTOFF  ANGLE  AT 90" T O   T H E   L E F T  



LEGEND 

0 - H-13 

0 - H-I9 
- H - Z I  

- H-23 

A - H-25 
A - H-34 

FIG IS A COMPARISON OF THE MAXIMUM MEAN RATING FOR VISIBILITY ro THE LEFT WITH 
THE  AZIMUTH  CUTOFF  ANGLE  TO  THE  LEFT 

00  
2 5  75 100 125 150 

LEGEND 

0 - H-13 

0 - H - l 9  

- H-21 
- H-23 

A - H-25 (LEFT) 

A - H-34 

UPWARD  VISUAL  CUTOFF  ANGLE  AT  90"  TO  THE  RIGHT  IN  DEGREES 

F I G  I b  A COMPARISON O F  T H E  MAXIMUM  MEAN  RATING  FOR  VISIBILITY  TO  THE RIGHT WITH 
THE  UPWARD  CUTOFF  ANGLE  AT 90" T O   T H E   R I G H T  
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3 00  
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DOWNWARD  VISUAL CUTOFF  ANGLE  AT  90 '   TO  THE  RIGHT  IN  DEGREE5 

FIG 17 A COMPARISOh  OF  1HE  MAXIMUM  MEAN RATLUG F O R  VISIAILITY 
1 0  THE  RIGHT W llh THE  DOWNWARD  CUTOFF  90 '  TO THE  RIGHT 
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3 00 
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.e 
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LEGEND 

0 - H - 1 3  
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AZIML rH C L T O F F   A N G L E   T O   R I 3 H ' I  IN DEGREES 

FIG 1 8  A COMPARISON  OF  THE  MAXIMUM  MEAN  RATING  FOR  VISIBILITY 
TO T H E  RIGHT  WITH THE A Z I M U r H   C U T O F F   A N G L E   T O   T H E   R I G H T  





APPENDIX I 



FIG 20 B E L L  H-13G BINOCULAR  COCKPIT  VISIBILITY  PHOTOGRAPH 



FIG 2 1  BELL H-13G FRONT VIEW 



FIG 22 BELL H-13G SIDE VIEW 



FIG 2 3  SIKORSKY H-19 BINOCULAR COCKPIT  VISIBILITY  PHOTOGRAPH 



FIG. 24 SIKORSKY H-19 FRONT VIEW 



FIG 25 SIKORSKY H-19 SIDE VIEW 



FIG 26  VERTOL  H-21  WIDE  CONSOLE  BINOCULAR  COCKPIT  VISIBILITY  PHOTOGRAPH 



FIG. 27 VERTOL H-21 FRONT VIEW 



FIG 28 VERTOL H-21  SIDE VIEW 



FIG 29 VERTOL  H-21  NARROW  CONSOLE  BINOCULAR  COCKPIT  VISIBILITY  PHOTOGRAPH 





FIG 31 HILLER H-23 FRONT VIEW 





FIG 33 PIASECKI H-25A BINOCULAR COCKPIT  VISIBILITY  PHOTOGRAPH 



FIG 34 PIASECKI H-25A FRONT VIEW 



I - I_ __I - 

FIG. 35 PIASECKI H-25A SIDE VIEW 



FIG. 36 DOMAN H-31  BINOCULAR  COCKPIT  VISIBILITY  PHOTOGRAPH 



FIG. 37 DOMAN H-31 FRONT VIEW 
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FIG 39 SIKORSKY H-34  BINOCULAR  COCKPIT  VISIBILITY  PHOTOGRAPH 



F I G  40 SIKORSKY H-34 FRONT VIEW 





FIG. 42 SIKORSKY H-37 BINOCULAR  COCKPIT  VISIBILITY  PHOTOGRAPH 



FIG 43 SIKORSKY H-37 F R O N T  VIEW 



FIG 44 SIKORSKY H-37 SIDE VIEW 



F I G  45 BELL  XH-40  BINOCULAR  COCKPIT  VISIBILITY  PHOTOGRAPH 





F I G  47 BELL XH-40 SIDE VIEW 



FIG 48 K A " A N  HOK-1  BINOCULAR  COCKPIT  VISIBILITY  PHOTOGRAPH 



FIG 49 KAMMAN HOK-1 SIDE VIEW 



FIG 50 SIKORSKY  HRS-3  BINOCULAR  COCKPIT VISIBILITY PHOTOGRAPH 



FIG 5 1  SIKORSKY H R S - 3  SIDE VIEW 



FIG 52 CESSNA C H - I  BINOCULAR  COCKPIT VISIBILITY PHOTOGRAPH 



FIG 53 CESSNA CH-1 SIDE VIEW 



FIG 54 CESSNA CH-I FRONT VIEW 



E3LICOFTER FLIGHT CIWCZ3RISTICS 

ws-3, 
duced 

Data here ln   re la te   to   the  flight chara.cterlstlcs of the HOK-1, 
, H-13, H-21, and a-34 hellcupters.  All data  presented have  been re- 
f r o m  photographic records  obtalned  wlth  the Falrchlld flight analyzer, 

as discussed In  thm  report .   Typlcal  f l lght-path  plctures far each  type of 
maneuver recorded  are shown In Flgs. 55 t o  59 of t h l s  appendix. The nanner 
m whlch pertment  lnformatlon was derlved 1s Tuxhcated on each figure. 

The length of fllght path  5emg consl?eered 1s determined by the 
formula 

L = -  nd 
40 

where 

L = length  of fllght path  ( feet)  
n = number of frames on the  plcture   to   the touchdown pomt  
d = perpendlcdar  distance from the camera t o  the fh&t path  ( feet) .  

Wherever fllght attitudes are   re fe r red   to  in  thls appfndu, 
poslt lve  values  mdicate nose up and negatlve  values d x a t e  nose down. 
Positlve flight-path angles mhcate  that tne  hellcopter 1s ascendmg and 
negatlve  values,  descendmg. 

In a normal takeoff maneuver, a nose-down a t t i tude  18 experlenced 
durlng the f lrst  portlon of the  recorded  fllght  path,  whlle 8. nose-up a t t l -  
tude occurs durlng the   l a t te r   por t lon .  For thm reason,  the  "average  attltude" 
for  takeoff maneuvers has  been  broken down Into "average  nose-up at t l tude" 
and "average nose-down att l tude." 

The slght  angle 1s the vmual angle  requlred to see a touchdom 
target   durlng approach. !Fnls angle i s  defmed by the  mtersect ion of a l l n e  
paral le l   to   the  hel icopter   center l lne  extended from and forcrard of the   p l lo t -  
eye Poaitlon w i t h  a llne '&rough the  pllot-eye  posit lon and the  touchdown 
target. 'This angle l a  determmed  by addmg the target-slght  angle  lndlcated 
111 Figs. 55, 57, and 58, and the hel lcopter   a t t l tude .  The target-slght angle, 

turn, 1s the  angle formed by  the  mtersect lon of a l m e  through  the pilots' 
e F  POSltlM and the touchdown t a r g e t  wlth  the  art lf lclal   horrzon  (horlzontal  
marklnga P h x d  on the  photograph by the  camera), 
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B O K 4  N O W  TAKEOFF 

NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13  

1 4  

15 

16 

17 

18 

19 

20 

21 

A W G E  

200 

200 

200 

200 

200 

200 

200 

200 

200 

200 

ZM 

200 

200 

200 

200 

200 

200 

200 

ax, 

x0 
200 

945' 

1260' 

1285' 

1305' 

1305' 

1240' 

1305' 

1240 a 

1215' 

ll70' 

1240' 

1285, 

1215' 

1285' 

1195' 

1215' 

1305' 

1305' 

1260' 

1240' 

1305' 



P 

HOK-1 AUTCROTATION To A P m  WITH P O m  RFcOVP3Y 

1 

NO 
€LIGHT KWDINC WIND LHvGTg DISTANCE MAXIMUM DISTANCE M I N I m  DISTANCE A W C E  A W C E  IQXINUX DISTANCE MINIMU4 DISTANCE AVERAGE 

2 3 4 5  6 7 8 9 10 11 12  1 3  14 1 5  16 17 

020 

020 

020 

020 

020 

020 

020 

020 

Om 

020 

020 

020 

020 

020 

945' 

1195' 

835' 

1105 8 

720' 

1080' 

1105' 

655' 

700' 

925 ' 
1105' 

430' 

855' 

1285, 

935' 

630 9 

970 ' 
835' 

790' 

720 

1080' 

495' 

655' 

475' 

925' 

1240' 

430' 

855' 

1125 0 

850' 



c 

BOK-1 STKkT APPROliCH To A PANKL 33 

1 2 3 6 7 8 9 10 11 12 13   14   15   16  4 5  
FLIGHT W I N G  mm LENGTH DISTANCE "un DISTANCE HI- DISTANCE A W E  AVEUGE "UM DISTANCE HINIWM DISTANCE AVERAGE 

17 

(deE ) V5XIlY BXOM OF m U C W  AlTlllDE COL 7 ATTIlVDE COL 9 AlTIRIDE FLIGHT SIGHT  COL 13 SIGHT COL 15 SIGAP NO 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

1 2  

13 

14 

1 5  

16 

11 

18 

19 

20 

A m E  

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

BEFORE 
AcluAL 

mucBDowN T0UCM)OWN 
ACTUAL 

rnucmun 
AcmAL 



FLIGRl 
1 

NO 

1 

2 

3 

4 

5 

6 

I 

8 

9 

10 

11 

12 

13 

14 

15 

16 

11 

18 

19 

AVEtWTS 

HOK- 1 N O W  LANDING To A PAlEL 34 

020 

020 

020 

020 

020 

020 

020 

020 

o2a 

020 

020 

020 

020 

020 

020 

020 

020 

020 

020 

ll 12 1 3  14 15 16 11 
k r n E  A m E  IMXIMUU DISTAITCE M W I "  DISTANCE AVPAGE 
~ I I V D E  F L T ~  S I W  COL 13 SIGHT COL 15 SIGET 



1 

2 

3 

4 

5 

6 

7 

8 

A- 



1 

2 

3 

4' 

5 

6 

7 

AVEiMX4 275' 3% 125' 6'03' 1040' 
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E-13 CRUISE 

CRUISE SPEED - 40 KNOTS 

FLIGar W I N G  rn m o m  "HOLI 
1 2 3 4 5 6 

No. (des.) VELOCITY FROM OF ArrmmJE 
( deg. ) ~ I W  

PAlpH 

1 ltlo 10-12 247.5 . l2&5' - 0 ' 9 1  

2 lty) 0-5 lta 1285' 0°00' 

3 lty) 0-5 225  1305' -3°001 

4 Itlo 0-5 225 1240' -0030' 

5 180 , 0-5 225 1260' -3030' 

6 180 

AVERAGE 

1 180 

2 180 

3 180 

4 163 

5 180 

6 180 

AVERAGE 

M I N I "  
7 

ATpITLmE 

- t P 0 0 l  

- 5O30' 
- 7O30 '  

- 6°30' 

- 9O30' 
-ll000' 

- So00l 

8 
AVERACE 
AmWDE 

- Pooo' 
- 3OW1 
- 5O30'  

- 30ooot 

- 6O001 

- 6 O p *  

- 5000t 

- 9O30' 
- Booo' 
-11°00' 
- 60m1 
-10000' 

- 9O30' 
- 9%' 

9 

PATH 

-1 3' 
0 



n 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

A m a z  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

A v m A m  

180 

180 

180 

180 

183 

180 

180 

180 

.__ 

__. 

183 

183 

180 

180 

180 

180 

183 

180 

1 _ _ _  10-12 180 

2 _ _ _  10-12 183 

3 180 0-8 225 

4 180 0-8 225 

5 183 0-8 225 

6 180 0-0 225 

7 180 0-8 225 



FLIm 
1 

m. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

AYERA[iE 
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no 

1 

2 

3 

4 

5 
6 

7 

0 

9 

10 

ll 

12 

13 

lOB0' 

165' 

450' 

655 

675' 

505' 

495' 

225' 

loso' 
700' 

6 1 0 1  

475' 

945' 

l&' 

925' 

450' 

655' 

160' 

970' 

585 8 

1035' 

1 2 W  

1249' 

610' 

45 8 

45s 
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B-13 A ~ ~ I O N  To A ToUCBDowN 

1 L - m  

2 L . m  

3 L-360 

4 ... 

5 ... 

6 _ _ _  
I __. 
8 .._ 

9 ... 

10 _ _ _  
A- 

70 ' 
la5 a 

135' 

us' 
IO' 

ll5' 

45 

25 I 

925' 

810 8 

355' 



a 4 3  NOW TAKEOFF 

1 2 3 5 6 4 
FLIGHT W I N G  m LMW MAXPNM 

NO. (deg.) VELOCITY FROM OF A!l"I!I'UDE 
~ ( aeg. ) FLIGHT 

PATE 

18/g-36 330 1305' 

&/g-l8 330 1225' 

1305' 

8o/g-18 330 1125' 

0-5 360 1260' 

0-5 360 8Bol 

0-8 183 675' 

0-2 360 lo&' 

0-2 360 1195' 

0-2 360 1285' 

0-2 360 1260' 

0-2 360 Y95' 

13 Wind steady 10 1195 ' 
with gusts t o  19 

43 

TAKEOFF 

1305' 

405 ' 
495 ' 
1060' 

45 ' 
115' 

675 

1601 

270 I 

45 ' 
1225 ' 
1105' 

ll25 ' 

615 

9 10 ll 12 
DISTANCE AVEEAGE AVERAGE AVERAGE 
COL. 8 
AFTER 

NOSE-UP NOSE-DOUN FLIGHT 
ATTITUDE A!lTITUDE PATH 

TAKEOFF 

45' 

45 ' 
90' 
295 

405 ' 
40.5' 
225' 

810 I 

115 

54-01 

70 ' 
180' 

430' 

280' 
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B-21 N O W  TAKEOFF 

1 2 3 4 5 
FLIGHT HEADING WIND LMcTB 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

AVERACE 

(deg.) VELOCITY FROM OF 

7 8 
DISTANCE M I N I "  

COL. 6 

TAKEOFF 
AFTER 

610 

4343' 

n5 ' 
0' 

430' 

520' 

45' 

70 ' 
675 

0' 

0' 

0' 

0' 

280' 

9 10 11 
DISTANCE  AVH(ACE AVERAGE 
COL. 8 NOSE-UP NOSE-MIWN 
AFPER A T P I W E  ATTITUDE 
TAKEOFF 

-1000 ' 
-1'30' 

None 

None 

-1030 I 

-2O00 ' 
-Oo3Om 

-1'30' 

-10308 

-lo3O1 

-1O30' 

-0~30' 

-00343' 

-1O301 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

ll 

12 

13 

A- 

285 15-20 mph 275 1350' 

285 15-20 nph 275 l U 5 '  

285 15-20 mph 275 1215' 

285 15-20 nph 275 1150' 

285  5-10 mph 275 1305' 

285  5-10 mpb 215 1305' 

285 5-10 mph 275 l240' 

285 5-10 mph 275 l l05 '  

285 5-10 mph 275 UPn  

285  5-10 nph 275 1215' 

285  5-10 mph 275 l l W '  

285  5-10 mph 275 l l95 '  

285  5-10 w h  215 1195' 

20' 

0' 

0' 

0' 

45' 

0' 

45' 

0' 

go' 
20' 

45' 

45' 

20' 

25' 



46 

no 

1 

2 

3 

4 

5 
6 

7 

8 

15-25 mph 275 

15-rj nph 275 

15-25 qph 275 

5-10 qph 275 

5-10 mPh 215 

5-10 mh 275 

5-10 mph 275 

5-10 wh 275 

12e5' 

1260' 

1285 ' 
1215' 

USO'  

ll95' 

925' 

1305' 

45' 

25 ' 
25' 

25' 

IO' 

0' 

0' 

0' 

0' 

0' 

29' 

0' 

P' 
90' 
70' 

50' 

1035' 

ll90' 

1260' 

1010' 

-5' 

ll70' 

9' 

Y00' 

l&' 

UP' 

1220' 

1010' 

1125' 

Y70' 

900' 
1100' 

40' U35' - 6%' 15' 18000' 25'30' 

1 285 

2 285 

3 285 

4 285 

5 285 

6 285 

7 205 

n 285 

9 2.55 

10 285 

Y 285 

IWWRGB 

90' 

0' 

0' 

0' 

45' 

0' 

0' 

0' 

0' 

20' 

0' 

15' 

945' 

520' 

1035' 

1240' 

1125- 

585' 

UP' 
855' 

Y25' 

1010' 

9" 

960' 



1 

- 2  

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

m 

2l 

A- 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

rt 

12 

13  

14 

15 

16 

1 7  

18 

19 

20 

21 

22 

23 

24 

25 

26 

A V W A C E  



1 

2 

3 

4 

5 

6 

7 

a 
9 

10 

ll 

AVEFdQ 

180 0 

180 0 

180 0 

180 0 

180 0 

lea 0 

180 0 

180 0 

180 0 

180 0 

180 0 

340' 
1170' 

295' 

495 

9b5' 

2250 

810' 

430' 

520' 

ll95' 

855, 

745 ' 

990' 

25 

0' 

5 - 3 8  

0' 

45, 

45' 

go' 
0' 

go' 

25' 

285 



1 2 3 4 5  6 7 8 9 10 ll 1 2  13 14 15 16 17 
mGm READrnG WINE LENGW DISTSICE "UM DISTANCE DIMW DISTSICE A W E  AyERlioE MIU[Il.WM DISTANCE MLNIhRlM DISTANCE  AVERAGE 

NO (de8 ) VTDXI'lY FROM DF TOWRED AlTIlUDE COL 7 AlTITLmE COL 9 AITIWDE FLIGHT SICRP COL 1 3  SIGHT COL 1 5  SIGHT 
PATR ANGLE BEFOm lwoLE BEFURE iviCLF F L 1 m  WWN BEFORE m m  

PAni  mIpnm!m ACnlPl. ACTUAL 
ToucAoDuN 

ACTUAL 

1 

2 

3 

4 

5 

6 

I 

8 

9 

10 

U 

12 

13 

1 4  

15 

16 

11 

18 

19 

20 

a 

A W E  

180 

180 

183 

180 

180 

180 

180 

180 

180 

180 

180 

183 

180 

180 

180 

180 

180 

180 

180 

180 

180 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

BEIORE 
ACTUAL 

mucmw 

45' 

1080' 

520' 

45' 

1080' 

790' 
970' 

1060' 

u05 I 

25' 

1060' 

1060' 

gw' 

25' 

945' 

3401 

835' 

Y50 '  

1080' 

U50, 

655' 

8058 

135' 

135' 

2250 

3 '  

70' 

250' 

180' 

250' 

270' 

160' 

45' 

135' 

25' 

90' 

225' 

0' 

180' 

925' 

215' 
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W-34 N O W  TAKEOFF 

n I G A P   W I N G  W I N E  LENGW M A X I "  DISTAhVE MDUXUM D I S A N C E  A W E  A W E  AYERIICE 
1 2 3 4 5  6 7 8 9 10 u 12 

NO (de6 )- WITY FROM OF A l T l T l m E  COL 6 AlTIlmE COL 8 NOSE-UP NOSE-DOWN FLIW 
FLIGHT 
PATH TAlcmFP 

AFrm 
TAKEOFT 
AFmR m1m mllwm P r n  

1 

2 

3 

4 

5 
6 

7 
8 

9 

10 

U 

12 

13 

14 

15 

16 

18 

19 

20 

21 

22 

AVEPAGE 

0 

0 

0 

0 

0 

0 

0 

0 

0 

8 0  

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1260' 

1260' 

1260 8 

1260. 

1260' 

126360' 

1240' 

1260' 

1215' 

1305' 

1260' 

1260' 

1260' 

1240' 

1195' 

1260, 

790' 
1240' 

1250- 

1260' 

1260' 

1240' 

385' 

1240' 

1240' 

1105' 

855' 

1015 I 

~ 2 5  I 

0' 

610' 

745' 

45' 

mn 
1125' 

855' 

1060. 

540' 

970' 

25' 

925' 

810' 

Bao' 
NOTE NO INFORMATION IS G I M V  I N  COLIMNS 2, 3, AND 4. COEWJNICATIONS  FAILURE BETiiw THE 

'FmCBILD OPEXA!TOR AND PILOT OF 28E I I I R C m  CONC- OCCURRE0 



FIG 55 METHOD O F  ANALYSIS FOR A NORMAL  LANDING  H-34 

b 1  



F I G  5 6  METHOD OF ANALYSIS FOR A NORMAL TAKEOFF H-34 



FIG 57 METHOD O F  ANALYSIS FOR A S T E E P  APPROACH H-34 



FIG. 5 8  METHOD O F  ANALYSIS FOR AN  AUTOROTATION  H-34 



FIG 59 METHOD O F  ANALYSIS FOR CRUISE FLIGHT  H-34 





The CA4 Technical Development Center 1 s  conductlng  a prOJeCt t o  
determme  the  cockplt  vlslblllty  requlrements  for  hellcopters. I k e  ultl- 
mate ObJectlve of the  proJect is t o  establish stmdards of cockpplt v1s1- 
b l l i t y  whlch ~1.11 be consistent w1lA adeqdate  o3eratlng  safety. 

The present  phese of t k  grogran  cails  for  the  determmatlon of 
h e l l c o p t e r   o p r a t x g   c h a r a c t e x s t l c s   & x m g  certaizz maneuvers, particularly 
l a d m g s  2nd takeoffs, and tne  vlslbll l ty  requlrements  mcessary f o r  the 
safe m d  satlsfactory  aeconplAment of thcse mmeu-fers. 

Coclqnt  v1slb;llty  requlreoents are d l rec t ly   r e l a t ed   t o   t he   f l e ld  
of vmlon  requlred  to perform v3s10m mmeuvers. This f l e l d  of vlslon 1s 
bemg  mnvestlgated  not  only t o  determme h o w  it affects  the llmlts of the 
Wlndshleld bu t   a l so   t o  detemmne h ~ w  much obstructlon 1s acceptable  withln 
the  wlndshiela  area. 

Some hellcopters have excel lent   vlsLbl l l ty .  A s  the  hellcopter 1s 
developed and adapted t o  a mde  rmge of uses,  mstruments w i l l  be  added and 
structural  requlrements  mcreased. Bo’& of these  requlrements wd1 t end   to  
reduce  vlslbbllity.  In some mstances thls is already a fact .  

Smce  the  best  Judges of the cockpplt v i s i b l l l t y  needed f o r  safe 
fllght =e the  pl lots   themelves,  we =e esklng you t o  supply us w i t h  the 
necessary  bnslc  infomatlon from w h x h  an analyals can be m a d e .  Such an 
malysis w l l l  permlt  a quvltpltatplve evaluntlon of the  present d e s l p  m d  the 
e s t z b l l o h e n t  of quantitative standards for future desl@s. 

The success of thls cockpl t   v l s ib l l l ty   s tudy  1s dependent upon 
your returning thls  questlonnalre as soon as posslble  wlth n i l  questlons 
amwered. Your response w l l l  be s t r lc t ly   conf ldent la l  znd ml l  be  used o n l y  
f o r  anolJ*tlcal purposes by the C M .  No one e l se  1 s  euthorlzed t o  see your 
answers or t o  use the nformctlon for m y  other  purpose. 

Nme 

1. Zelght 

2. a. How  many years have you been f l y l n g   a n c r a f t ’  

b. How many t o t a l  hours do you have m a l r c r z f t ?  

c . How  many hours do you have m hcl lcopters?  



3.  a .  In what model hellcopter mz you now dolnE most or  a l l  of your 
f l y m g ?  

b. HOW nmy hours do you have m thzs  hellcopter7 

c .  Eow man;. hours f l y m g   t m e   I n  thls hellcopter do you nGW get 
per nonkh? 

4. a. Do you consde r  It necessary, from on ovsr-al l   safety  s tmdpolnt ,  
to be -.ble t o  see my external  port-on of t he   amcra f t  from the 
cockolt' Yes EO - -  

b. If you an?wered "Yes" t o  pe r t  a, check t h e  hGxes below lndlcetlng 
the  portmns of the  hellcopter whlch ycu f ee l   nus t  be seen a d  
the  amount of head md body movement whxh you feel 1s peermms~ble 
In each  case. 

Moa Rotor 
T1ps 

Other 
(Specify) 

5. Place a check nark m one of the boxes belorr lndrca t lng   the   pas t lcdar  - 
mmeuvcr for  whlch you fzel m a m u  v l s z h l i t y  fron the ccckp-l 1s most 
urgently requrred. Do n o t   c o n s l d e r   l m l + e d   n s l b l l l t y  due to   a tnospherx  
condltmns. 

- 

l i  1. Takeoff rm 
1 

2. NoJOrnal ( s h a l g h t ;  c l m h  

a 3. L m Z m g  (including  hovermg m pound e f fec t )  

0 4. Autorotation - &de 
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I? 5.  AutorotatLon - landmg 

17 6. mxmm performance taxeoff 

!3 7. Landlng m a confmed  mea 

8. Hovering for rescue  purposes OIT slmllar ground 
operatlons. 

6. Two charts to be  used f o r  e s t u a t m g  the ohstroctlon  to  vlslon a t  
d i f f e r e n t   l a t e r a l   d n e c t l o a a  of s igh t  which you f e e l  1s permmslble 
f o r  safe  operatlon of the   a l rc raf t   du-mg a l l  maneuvers are shown 
below. One chart  provldes f o r  the  pl lot   seated m the l e f t  seat ,  
the  other  chart  provldes for the   p l lo t  m i l ~  r i g h t   s e a t ,  These 
charts  are  provlded w l + h  radlal 1 - 2 ~ s  enl t t ing  every 30 degrees from 
the  mdlcated  cockplt  seat. Beh-een each radial lme 1s a box m whlch 
pur evaluation of that reglon should  be  entered.  Ratlng  sceles  to be 
used f o r  your evaluation follow 

1. No obstruct;on permlssl3le. 

2. Mmor obstructlons permissible, such as thm posts 
(1-1/2" wide o r  smaller), e tc .  

3. More obstruction permlsslble,  such as wlde posts 
(greater than 1-1/2"), etc .  



c 



7. How c lose   to   the   he l lcopter  (m  feet)  do you des l r e   t o  see t he  ground - 
along  each of the slghht planes  ddicated  under  the  glven  condltlom. 

a. When c m l n g   t o  a hover - 
Distance f. Distance B -_ Dmtance C Dlstance D - 

\ 
\ 

N s :  This 18 a plan n e w  of a hellcopter.  Distances are t o  be ground 
(or h s r l z o n t a l )   d l s t a c e s .  

Note: If the  hel lcopter  you are consldermg has the normal p l l o t ' s   s e e t  
on the left,  conslder  dlnenslon D as bemg between A a d  B. 

- 



- 7 -  

8. For the model yeu have mdlcated -n Questmn 3,  $ease c l a s s i fy  the 
v m l b l l l t $  for the maneuvers and dlrectlons shown 111 the f o l l o m g  table.  
’phls c lass l f lca t lon  s h o d d  be r A e  on t h e  b a s x  of adequacy of wlndshleld 
are2 and wgles of sight from the normal p d o t  s ea t  m the  cockplt. The 
numbers of c lass i f lca t lons   to  be used are: 

1. Vlslbl l l ty   excel lent ,  no mpi-ovement desired. 
2. Vislbll l ty  asequate,  sone mprovemnt  fiesirable,  5ut  not mandatory. 
3. ir16ibll:ty not  atequate, improvement strongly desslred. 

Fl11 every space m the  tzble  below T q i t h  the  nmber you t h - d  clcssZfles 
the v l s l b l l l t y  of t h l s   a l r c r a f t  for each maneaver end dlrect lon indicated. 

M U ” E I i  VISI@EITT ~Uk’WABI VISI9ILIT’f DOJIfiJAFC VISIBILITY SIDEWABD 
TO FRONT TO mom TO LEFT T3 RIGHT 

Takeoff run - 
S t r s l g h t   c l m b  

Cru1.s ing 

Landmg 

Autorotatlon - 

Autorotatlon - 
1-andmg 

Other (speclfy) 

Maxlmum perfom- 
ence takeoff 

L a d m g  In a 
Conflned men 
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9.  Please mndlcate the  external  refe-ence,  or  references, you u t r l l z e   I n  
f ly lnz  a hellcopter durlng eash of the  mmewers  lndlcated below. (If 
a pcrtron of the   cockpt  1s referenced t u  some external  reference, 
ple2se lndrcate th-a  fact.) 

-- 

A .  Cruis lng 

B. Noma1 takeoff 

C. Ma.xmm performance kkeoff  

D. Normal approach 

E. Steep  approach 

F. Touch down to a pomt  

G. Autorotation 


