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SUMMARY

A questionmaire concerning problems of visibility from heliconter
cockpits was distributed to 1,34l military helicopter pilots as a part of
a broad study relating to helicopter cockpit windscreen outlines, 535 of
these guestionnaires were completed and retwrmed. The questionnaire in-
cluded both specific eveluation of visual characteristics of present heli-
copters for various maneuvers end differing directions of sight, and a
genersl evaluation of different visual problems, The resaults of the ques-
tionnaire study seem to indicate that the pialots have not developed a gen-
eral ewareness or concern for the visual characteristics of helicopter
cockpits. Th#s probably is due, at least in part, to the gemerally good
visibility from present helicopters. Most pilots rate the visibiliaty from
the helaicopter they fly as satisfactory.

Analysis of the questionnaire data shows that visual cutof®
angles for the different directions of sight may be defined in terms of
windscreen outlines which correspond to pilot ratings of adequate or excel-
lent. 1In the determination of these visual cutoff angles, the attituce of
the helicopter in various maneuvers must be considered, Reasonable accuracy
appears to be obtained by this method,

The results of the analysis of the questiocnnaire data are
presented i1n relation to various specific visual problems and ere combined
into & general set of requirements whach include vasual cutoff angles and
poat arrongements. The results are not consadered to be a final solution
to the problem of visibilaty from helicopter coclkpits, but offer a useful
guide to the amount and quality of visibility which will be considered
satisfactory by pilots.

INTRODUCTION

During the past several years, the problem of visibility from
aircraft cockpite, as determined by window size, type, and location, hes
been receiving increased attention. Such attention hes erisen as a result
of midair collisions in which the pilots 1nvolved did not see the colliding
aircraft until the instant of impsact and alsc as a result of large variations

in visual characteristica of madern aircraft due to a lack of basic
standerds.
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The Department of the Army, cognizant of the problem already
ex18t1ng 1n fixed-wing eircraft and realizing that this same problem easily
could become a serious defect in helicopters, decided to sponsor a study of
the cockpit visual characteristics of helicopters. During 1955, the Civil
Aeronautics Administration (CAA) Technical Development Center (TDC) commenced
this 1nvestigation for the Department of the Army. Ita purpose was to es-
tablish, upon some reasonable basis, definite standards which would nsure
adequate visibility for the safe operation of helicopters during the per-
formance of all normal flight and militery peneuvers, In this broad inves-
tigation, several different lines of approach are under way. The pilot
questionnaire and supporbting deta presented i1n this report represent one
line of approach, supplying contributory data but not a final solution to
the problem.

While the evaluation of specific windscreen outlines 1s based on
pilot opinion as expressed in the questionnaire, the angular measurements
discussed herein were made with a binocular cockpart visaibilaty caperal
developed at TOC for this purpose. Some information derived from a study
of helicopter flight path performances 1s presented here in support of
various data derived from the questionnaire,

HELICOPTER DATA

Cockpit Visibality.

The gquality of existing visabilaty from the H-13G, H-19, H-21,
H-23, H-25A, HE-31, H-34, H-37, XH-L40, HOK-1, HRS-3, and CH-1 helicopters
was recorded with the Center's binccular cockpit visibility camera, The
photographs, as well as front and profile photographs of each helicopter,
are presented 1n Appendix I. Date contained in the photographs were re-
duced further to tabular form and are presented i1n Table I with supplemen-
tary information concerning lineal relationships of the pilot to the cockplt
and the ground, The eje-level position 1n a cockpit wall vary with each in-
dividuel pilot, depending on his height and the type of seat. This variation
will be greater in those helicopters which do not have adjustable seats. All
binocular vision photographs were obtained at the eye-level location of a
Dilot of average height, namely, 5 feet 10 1/2 inches. In reducing the pho-
tographic data to tabular form, any obstruction to vision over am arec equal
to or greater than 10° was considered significant, and cutoff angles were
meagsured to this point. When the copilot obscured portions of the cockpit

1
Thomas M. Edwards, "Development of an Instrument for Messuring

Alrcraft Cockpit Visibility Lamats,” CAA Technacal Development Report No. 153,
January 1952,



3

windows or openings, the cutoff sngles were measured to the copilot's body.
411 binocular cockpirt visibility meszsurcments were made with the copilot's
seat occupied so that actval, rather than theoretical, openings vere
recorded.

True appreciation of the binocular cockpit vi181bility photographs
shown 1n Appendix I requires a lmowledge of the limitations of the imstru-
mentat-on. The binoeular cockpit vigibility camera records the true field
of view, including binocular effect, of a pilot scanning the horizon with
gimple head rotation. The resulting outlines can be used to describe cock-
p1t visibility limitations based on simple head rotation i1n a horizontal
plane and eye movement. The banocular cockpit visibility photographs in
Appendix I should not be used to determine absolute limits of foveal vision
in any direction since the pilot's viewpoint and wvisuel cutoff angle will
change with vertical heed rotat:on as shown in Fig. 1, Normally, a pilot
can be expected to use eye movement only to 15° in any darection from the
centroveal position. Beyond 15°, head movement must be comsidersed. The
difference between the true snd apparent visual cutoff angles 18 a function
of the elevation engle from the horizon and the distance from the pilot's
vievwpoint to the windshdeld. The true cutoff angle will always be smaller
than the anglea given in the bainocular cockpit visibility photographs. When
Judging areas of vigibilaty, it must be remcmbered that the spherical limits
are projected on & grid similar to a Mercator projection., The true golid
angle of visabilaty therefore decreases with 1ncreasing elevation angle
above and below the horazon.

AMmother factor which Influences the visibilaty llmats 1s head
movement. The increase in visaibility resulting from movement of the head
toward a particular window 18 inversely proportional to the distance from
the pilot's eyss to the window. The closer the window, the greater is the
1ngrease 1n visibility with a given amount of head movement. This 18 por-
ticularly important during use of the side window, which generally is very
close to the pilot,

Flight Characteristics.

A Imowledge of the flight charagteristics of helicopters, that is,
flight-path angles, helicopter attitudes, and so forth, is essential in the
consideration of cockpit visibility requirements. This information was ob-
tained through a photographic study of various helicopter maneuvers. Three
gpeciral-purpose cameras were located as shown 1n Fig. 2 to record the nec-
egsary data. A Farrchild flight asnalyzer, Fig. 34, was used to record a
straight flight path, Fig. 3B, of approximately 1,200 feet including the
touchdown point, A Varitron camera, Fig. hA, operating at 2 frames per second,
was used to record the touchdown area and approximately 200 feet of the
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adjacent flight path, as shown in Fig. 4B, 4 Traid camera, Fig. 57, remotely
controlled to expose one frame, Fig. 5B, each time the Feirchild flight
analyzer exposed & segment, was used to detect crab or yaw.

The flight enalyzer must track a subject sircraft along a portion
of the flight path equal to one-fortieth of the offset distance before the
shutter will trip and expose a strip of the negative, Originally, this
caused some concern leat critical attitudes occur during the period of gen-
erally vertical flight that occurs after the flare but before touchdown and
remain undetected, The Veritron sequence camera was used to study this period
of flight. This phase of the study indicated that critical attitudes ex-
ceeding those being recorded with the flight anslyzer were net occurring in
this erea, therefore, the data cbtained with the Fairchild flight analyzer
as presented herenys considered complete.

The flight anslyzer was used to record the performence of five
maneuvers. cruise, normel approach, normal takeoff, steep approach, and auto-
rotation. Due to the characteristics of the camera described above and the
offset distanmce as nd:cated in Fig. 2, this cancra was not used to secure
confined area data or maneuvers involving near-vertical performance. A
summary of the data obitained 1y presented in Appendix IT.

QUESTIONNAIRE STUDY

Procedure,

The questionnaire was developed from a2 similar one used by this
Center to study problems of visibility from the coekpits of tramsport air-
craft.2 This questionnaire was discussed with individual pilots at Fort
Rucker, Ala., to determine whether or not. (a2) 1t could be easily under-
stood, (b) the pilots! answers could be easily interpreted, and (c) the
auestionnaire included all i1nfoimation these prlots believed pertinent to
this study. As a result of these discussions with pilots, some minor changes
were made in the original guestionnaire.

Later, 20 pi1lots completed the gquestronnaire during five group
interviews. At thrs time, Question 9, dealing wath visual references, wos
added. The questiomnaire, as 1t wes distributed to the entire group of pi-
lots, 18 reproduced in Appendix III. The guestionnaire was distributed to
prlots 1n the field directly asnd zlso by ma:l through Post and various

George L. Pigmen and Thomas M, Zdwards, "Airline Pilot Question-

naire Study on Cockpit Visibility Problems," CAA Technical Develorment
Report No. 123, September 1350,
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Continental Army Commends, An asddressed return envelope was included for
mailing the completed questionnaire directly to the CAA Technical
Development Center, Ind:anapolis, Ind.

Five hundred end thirty-five completed guestionnalires were
returned, representing 39.9 per cent of the original distribution. The data
contained 1n these questionnaires were transferred to puncheerds, end the
final tabulation, classification, and totalization of data were carried out
by machire, Prior to the final machine analysis, a preliminary invesii-
gation of various groupings was conducted with 135 completed questiomnaires.
Answers to Questions 4 to 9, inclusive, were grouped according to the pilots!
experience ag determined by their answers to Questions 2 and 3. Those
groupings which evidenced no definte pattern were eliminated. The remaining
groupings then were used as the basis for the mechine analysis of the 535
campleted guestionnaires that were returned,

General Presentation and Limitations of Basic Data.

Answers to the questionnaire were received for each of the eight
helicopters listed in Table II. The number of pilots answering the ques-
tionnaire for each of these helicopters varied considerably. The number of
completed questionnaires returned for the H-31 and H-37 helicopters was con-
gidered, i1n each case, to be too small to be significant. The answers of
the H-25 pilots were included, however, the smell sampling must be
c¢ongidered when applying these data,

Most of the helicopters covered by this study have visual cutoff
engles that the pilots as a group consider adequate. Because of this fact,
1t is difficult to determine accurately, based on pilot opinion, the exact
areas 1n which visuvael cutoff engles become critacal.

The data obtained for the various fizxed-choice questions are
presented either in terms of the percentage of all pilots or the percentage
of each group of pilots answering. Where gquantitotive estimates were on an
unrestricted basis, the mean value was used,

DISCUSSION OF QUESTIONNAIRE DATA

Question 1 - Pilot Height.

Early field work indicated a possible correlation between palot

height and pilot opinion. Subsequent work has not supported this belief and
these dato are not presented here.
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Ouestion 2 - Pi1lot Zxperience - General.

Here, ag 1in Quest.on 1, early work indicated a possible
relationship between verious Xinds of pilot experzence and pilot opinions.
The questionnaire resvlts and the flaght-path studies have not revealed any
definite relationship between the number of yeara a pilot has been flying
or the total number of hours flying time in various types of arrcraft and
his oprnions of the quality of visib:lity from the helicopter; therefore,
these data are not presented here,

A trend was evidenced in Question 6 concerning the amount of
obstruction acceptable when compared to the pilots' total helicopter exper-
ience; therefore, the distribution of totel flying experience 1n helicopters
hags been i1ncluded, and 18 grven 1n Table I1I1.

Palots who had 50 hours more in all aircraft than their total
hours 1n helicopters were considered to have both fixed-wing and helicopter
experience. This definition 18 based on the fact that the minimum require-
ment for a private pilot's license 18 40 hours! total flying time. The pilot
distribution according to type of exper:ence 18 indicated in Table IV. A
further discussion of data where type of experience 1s a consideration 1s
found under fucstion 7.

Question 3 - Pilot Ezxperience - Specific,

Considerable use was made of a breakdown of answers based upon the
type of helicopter considered. A dlstribubion of pilots according to the
type of helicovter most frequently used i1s contained in Table II. The pre-
liminery analysis indicated that the exper.ence in parts "b" and "c¢" of
Question 3 had no influence on the remaining questiomnuire deate, therefore,
this information 13 not presented here.

Question 4 - External Portions of Aircraft Visibl: fior Coeipit.

The replies to this question show that &8 per cent of the pilots
enswering the questionnaire desire to see some external portion of the heli-
copter. These resulvs are shown graphically in Fig. 6. Eighty-three per
cent of the pilotz wish to sgee the main rotor tips, Tl per cent of the pilota
wish to see the main wheels or skids, and 20 per cent of the pilots wish to
see the tail rotor. A relatively small number of pilots desire to sec the
main rotor head. Thas does not necessarily meen that this location 1s un-
important, when compared with the other two locations. The main rotor tips
and main vwheels or skids were listed in the questiomnaire and merely needed
a check mark tc answer, whereas the other locetions were suggested
gpontaneously by the pillots.
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The fact that the particular model helicopter in which a pilot
currently does most of his flying has a strong influence on the pilot's de-
gire to see the wheels or skids is shown in Fig. 7. Pllots of H-21 and H-25
helicopters who cannot see the wheels readily are much less desirous of
seeing this visual clue then pilots flying helicopters where the wheels are
more easily deen,

Several other portions of the aircraft, including the tail wheel,
running lights, position lights, passenger door, swash plate, litter pods,
transmission, and the cooling fan, were specified by pilots under Question ¥,
but in each case, these represented less than one per cent of the pilots
answering.

Question 5 - Maneuvers for Which Maxamum Visibility 1s Required,

The data from this question are presented in Fig. 8. It can be
geen that the pilots believe that the maneuver in which good vaisibility is
most urgently reaquired i1s landing in a confined area. The sutorotation
lending 1s their next choice, while hovering for rescue or similar ground
work placed third in their preference.

Question 6 - Obstructions to Visibility,

The results of the replies to Question 6 are shown in Fig. 9,
vhich gives the arithmetical meen of numericel ratings for each azimuthal
gegment specified 1n the question. It was assumed that the pilot was seated
on the right side of the helicopter,

The mean values can vary from 1.00 to 3,00. If it 1s assumed
that a mean value of 1.50 or less corresponds to Cordition (1) on the rating
gcale, indicating a desire for no visual obstructions, then 1t may be con-
claded that the pilots desire to have clear vision over a range of aszimuth
engles extending from 30° left to 40° right. Similarly, i1f 1t 19 assumed
that a mean rating value between 1,50 and 2,50 corresponds to Condition {2)
on the rating scale, and a meen rating value greater than 2,50 corresponds
to Condition (3) on the rating scale, then 2t mey be concluded that the
Pilots desire no obstruction greater than 1 1/2 inches in progjected width
between the azimuth angles 30° left to 105° left and 40° right to 110° right,
but will accept greater cobstructiorns beyond these limits, The greater
Importance of visibility on the near side of the helicopter is apparent,

Question 7 -~ Downward Visibility.

This question was included as an additional means of securing
data relating to downwerd cutoffl angles, The pilots were reguested to give
the desired minimum horizontal distances along four directions of sight under
two flight conditions, coming to a hover prior to landing and at the instant
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of touchdown. The four directions of azight are shown in Fig. 10. The mean
values of the distances in each direction, by helicopter of prime use, are
contained 1n Table V, with a comparison of availlable and desired downward
cutoff angles.

The results also are presented in Table VI, with relation to the
type of flight expericnce recorded by the pilots. Pilots with only heli-
copter experience gencrally desired greater visibility than pilots with
fixed-wing alrcraft experience. The only answers of emeller mean values for
fixed-wing aircraft experience were those of H-23 pilota. In this case, the
sampling 18 subject to gquestion, since only ten answers, or two per cent of
the total response, were from H-23 pilaota. A larger and more representatilve
group of answers might not have supported this variation.

Question 8 - Evaluation of Specific Helicopter Being Flown by Pilot.

The distrabution of responses to Quesitron 8 by helicopter of prame
use is shown in Table VII, expresaed es a percentage of the total response
for the group judging the particular aircraft. Since the pilets in the H-25
are seated to the left as opposed to the normal right-side seating for heli-
copters, the columns for response to the quality of visibality sideward are
reversed 1n Table VII to reflect the normal near- and far-side comparison.
As specified in the question, Class 1 sagnifies exmcellent visibility, Class
2 signifies adequate visibility, and Class 3 signifies inadequate visibility.
There =lso is shown in Table VII the mean estimatzan value (M) for each
helicopter and for each maneuver. This 18 the weighted mean value for the
three numerical ratings. These mean values can very from 1.00 to 3.00. A
mean value of 2.00 would correspond to adequate visibility, and the amount
of variation of the mean value from 2.00 corresponds to the degree of
superiority or inferiority of visibility compared to adeguate visability.

None of the helicopters considered were rated inadequate in
visl1bility on zn average rating basis although vigrbility was rated more
critically in connection with specific maneuvers.

The proximity of the pilot to the wihdshield in & given direction
appears to be reflected in the pilots' ratings. TFor example, the H-25 helz-
copter has a smaller cutoff angle forwapd and up than the E-19, yet 1% 18
rated superior to the H-19 in this respect, The design of the windscrcen
apparcently permits the pilot to increase materially the available visibility
in the H-25 with acceptable head and body novement.

Question 9 - Externzl Referemces During Maneuvers.

Insufficient replies were received to CQuestion 9 to warrant
mclusion of these data,
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Pilot Corment on Miscelloneous Visibrlity Problems.

A total of 56 pilot comments, received with the guestionnaires,
were of such a nature that they could not be included umder any specific
question. These comments dealt with specific visibality problems, and, 1n
some 1nstances, the pilots proposed correction, Some of these comments are
presented below.

Fifteen H-34 pilots commented on poor visibility during formation
flying. Through interviews with H-34 pilots, 1t was determined that they
were concerned with the visibilzty obstruct.on caused by the magnetic compass
during turns while flying echelon right formatione.

Thirteen pilots mentioned visibility to the rear. Two of these
pi1lots specifically recommended rear-view mirrors. During July 1957, H-34,
E-19, and XH-40 helicopters were observed operating =t Fort Rucker, Ala,,
with rear-view mirrors.

Three H-13 pilots and three H-21 prlots wanted the ingtrument
console lowered, Two H-13 pilots recommended that the console be set at a
L=°® angle to reduce 1ts height.

Two H-23 pilots noted a need for windshield wipers.
A need for improvement in defroster cquipment also was noted.

GENERAL DISCUSSION

Visibilaity Forward and Downward.,

Three guestions, Nos, %, 7, and 8, relate to visibility forword
and downward from the helicopter.

In the discusgion of Question h, 1t wos stated that the pilots
consider good visaibility 18 mosi uwrgently requlred for landing in & con-
fined area, The maximum restriction for a confined area would require a
verticel descent from a hover to accomplish a successful landing. It is
therefore mssumed that the helicopter would be in an essentizlly level
attitude at the ingtant of touchdown.

In Fag. 11, the meximum mean rating for all conditiona forward
and downward in each helicopter, as determined by replies to Ouestion 8§ and
shown 1in Table VII, has been plotted against the available visuel angles be-
low the horizon shown in Table I. A smooth curve hes been drasn to repre-
sent the average value of these ratings. This curve crosses the adequate
rating line discussed in Question 8 at a cutoff angle of 29°.
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In Table V, wherse the actual visusl angles forward and downward
avellable from a level attitude at instant of touchdown were compared with
the desired angles, the H-21, H-23, end H-34 helicopters were listed as
having less than the desired downward vision. These same helicopters were
rated i1nadequate i1n Fig. 1l.

Visibility Forward and Upword.

In Fig., 12, the magzimum mean rating for the visual cutoff angle
forward and upward under various conditions has been plotted against the
actual cutoff angle. Since all of these points fall far below the minimum
adequate rating line, 1t 18 apparent that the pilots do not consider any of
the helicopters listed as having o visuel problem forward and upwerd. A
smooth curve drawn through these points intersects the minimum adequate
rating line at a cutoff angle of 26°.

Visibility in the Left Sector.

The vialbility in the left sector was rated as a whole in the
questiomnalre rather thaon being separated into individual components. TFor
this reason, 1t 18 not possible to make the direct comparison such as was
made for visib:lity forward. The over-all rating for visibility to the left,
however, hns been plotted against the 1ndivadual cutoff angles that comprise
visibility in the loft mestor.

Figure 13 gives a comperaiscn of the mostimum mean rating for
visibality to the left with the upward cutoff anglc at 90° to the left, A
smooth curve representing the average of theae points c¢rosses the minimum
adequate rating line at a cutoff angle of 15%.

In the discussion of Question 4, 1t was pointed out thaet 71 per
cent of the pilots wanted to see the main rotor tips. Table VIIT liats the
cutoff angle 90° to the left and upward that is required to the tip plane
path at that polnt. These angles all are less thon the 15° determined in
Fig. 13, The 15° angle leavea some latitude in all the helicoptera listed
1n Appendax T.

Table VIIT was computed without considering the coning angle of
the various helicopters., The pilot opinion expressed i1n replies to Question
h, however, places sufficient emphasis on sceing the rotor tips to warrant
reevoluation of this angle to meet the specific need 1f the coning action
of the blade makes 1t 1mpossible to see the rotor tips.

Fagure 14 shows e comperison of the meximum mean rating for
visibility to the left with the downward cutofft angle 90° to the left for



11

various helicopters. A smooth curve representing the average of thege
points intersects the minimum adequate rating line at a point representing
a cutoff angle of 29°,

In Fig. 15, the maximum mean ratings for visibility to the left
aere plotted against the azimuth cutoff angle to the left. It 1s apparent
that the H-13 data are inconsistent with the other data. Thisg prting wry re-
flect the i1nfluence of the greater visibility available to the H-13 pilot a
ghort distance above the horizontal reference plane used to measure thesge
cutoff engles. IT tne H-13 data are disresgarded, a straight line repre-
genting the average of the remaining points cpepsdes the minimum adequate
rating line at a point representing a viaual cutoff engle of 90.5°.

Visibilaity in the Right Sector.

Figure 16 gives a comparison of the meximum mean ratings for
visibility to the right wath the upward cutoff angle 90° to the right. The
distribution indicated by this graph varies so slightly from a common hori-
zontal line that no conclusion c¢an be made from these data concerning the
mnimun adequate cutoff angle.

If, however, this angle 15 dedigned to provide an adegaate
visibility area to comply with the pilots' stated desire to see the rotor
tips, Table VIIT can be used to determine this minimum adeguate visual
angle. If the coning action of the rotor blade is disregarded, the mimimum
adequate angle to satisfy this regquirement 1s 15°, In three instances,
however, this angle would permit no blade coning. This condition 18 unre-
alistic. To provide for am everage conihg sngle of 5° to T°,3 the cutoff
angle 90° to the right and upward should be 20°.

In Fig, 17, the ratings for visibility to the right are plotted
agalnst the dowmward visual cutoff angles to the right. Again, a curve has
been used to repregsent the average of these pownts. This curve intersccts

the minimum adeqguate rating line at & point representing a cutoff angle of
Lo.=°.

The maximum mean ratings for visib:zlity to the right have been
plotted against the azimuth cutoff angle to the right in Fig. 18. A smooth
curve representing the average of these points 1ntersects the minimum ade-

quate rating line at a point representing an ezimuth cutoff angle of
100°.

3
Raymond A. Young, "Helicopter Engineering,™ The Ronald Press
Company, New York, N. Y., 1949, p. 177.
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Combined Vision Reguirements.

The conclusions that have been drawn frcm the pilot estimates
made 1n answeraing the dirfferent questrons concoraillg vic1b1lity from the
cockpit along various direccions of sight have been combined into one gen-
eral and coordinated cet of requirements in Fig. 1. This windscreen out-
line should be accepteble throaghout the range of cockp:rt neasurerents
listed in Table I, with the possible except.on of the H-37. Helicopters of
this larger si%ze were not in general use at the time the guestzonnalre was
distributed; therefore, sufficient data are not aveilable to permit reliable
predictions concerning the applicability of this windscreen outline to
helicopters of this and larger sized.

The vertical post arrangements presented in Fig. 19 have bveen
translated from the reference planes of Fig. 9 to those of Fig. 19 based on
the cockpit measurcments listed there, The data in Fig. 9 are applicable
throughout the range of cockpit measurements vresented in Table I because
they have been derived independently from the cockpit measurements.

The data presented here are baded on the reguirements of' the
geveral helicopiters. (Obvious diflerences in flight characteristics are
shown 1n Aprendix IT. Helicopters with such a wide variation in flight char-
acterastics will have varying visual reguirements however slight these dif-
ferences maight be. To provide one universal solution, the extrene case has
been considered 1n each instance,

CONCLUSIQNS

1. The dota secured from the 535 questionnaires szompleted by
helicopter pilots are reosonably consistent., In general, very little dif-
ference exists between pilots having different anounts of experience. More
disagreement on general problems 15 found between pilots flying different
models of helicopters. Thia difference of opinion probably 15 essociated
with visibility and operating characteristics of the helaicopter to which
the pilot 18 accustomed.

2. Visaibility i1n a2 forward and deownward direction, which 15 critical

during 211 landing moneuvers, 1s adequate 1f 1t extends 29° below the
horizon.

3. Visibility in a forward and upward direction is critical during
noxinun performance takeoffs and, to a lesser extent, in other takeoff

moneuvers.  Visib2lity irn this area 18 adequate 1T 1t extends 26° above the
horizoen,
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L, Visibility to the side 18 the mest critical during confined area
operations, To be rated adequate, vi91b1lity; to the left must be provided
through an azimuth angle of 92°. The azimuth angle to the right should be
]_OOO -

Vag1bility upward at 90° to the left should extend 15° above the
horizontal, whereas visibility at 90° to the right should extend 20° =above
the horizontal.

Vasibility downwerd at 50° to the left should extend 30° below the
horizontal, and visibility dovmward at 90° ©c the right should extend Lo°
below the horizontal.

5. A majgority of pirlots desire to see the rotor tips and the main
wheels or skids. They want to see the rotor tips with moderate head and eye
movement but ere almost evenly divided concerning the amount of movement
requlred to see the wheels or skids,

6. The requirements 1llustrated in Fig. 19 are not considered in any
gense a final answer to the helicopter cockpit visibility problem. The ques-
tionnalre method of investigetion has basic wealmesses which lead to lack of
precigion and need Tor arbitrary interpretation, This method cannot reveal
basic principles which are mecessary for complete understanding of the visusl
cues unconsciously used by the pilot in the performance of various msneuverd.
It 15 believed that the results of the questionmsire, however, have atrong
provisional validity, and, in particular, that a helicopter cockpirt wind-
gscreen outline, 1n agreement with that presented imn Fig. 19, would be clasg-
sified by the average pilot as providing satisfactory visibality from the
cockpit.
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T.BLE I

GENBRLL DATZ. RELATING TO HELICOPTERS

Helicopter

Normel Pilot Seating

Tote] Visibiiity (ster:dicns)

Per Cont of Total Steridieons
Monoculer Visibality, in Steridians
Binceculer Visaibilaty, in Steridians

Up and Forward Visibility Cutoff
fngles 1n Degrees

Dowvn and TForward Visibilaty Cutoflf
Angle: 1n Degrozes

Left-31de Lzimuth Cutoff Angle,
in Dczoees

Right -8idc Azamuth Cutoff Angle,
in Degrees

85

151

172

Let Upper Vision Cutoff Angle at 90 Unlimated™h

Leit Lower Visaon Cubtoff fngle ot 909

37*

Right Upper Vasion Cutoff Angle

Right Lower Vision Cutoff Angle at 90° 66

Pilot Eye Level fAbove Ground in Inches 62.5

Pilot Eye Distonce to Windscreen ot 8
309 Left in Inches

Pilot Bye Distonce to Windscreen =t ba.s
0° 1n Inches

Pi1lot Eyc Distance to Windsercen at 38

90° Raight in Inches

28%

at 90PUnlimited 22

-~

69
122.25

15

25.5

bz

Wide

Conscle
H-21

Right

743
L

1.7

-

107

136

30*%

51,

7T
115.5

20

25.5

52.5

Norrow
Console
H-21 B-23C
Right  Cemter
58 T
46 59
19 1.1
3.9 6.3
B2 113
o 20
20 g3t
143 128
31 Unliimited
25% Lox
61 Unlimited*
72 W
115.5 60.75
20 25.5
25.5 392.75
H52.5 83.5
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TABLE I (continued)

GENERAL D4ATA RELATTIG TO HELICOPTERS

Helicopter

Normel Pilot Scating

Total Visabilaty (steradizas)
Per Cent of Total Steridaans
Monoculur Visibilaty, in Stericdians

Binocular Visability, zn Steridians

Up and Forward Visibiliaity Cutoff
fnzgle, 1n Degices

Bovm end Forward Visibilaity Cutolf
fngle r 1n Dogrees

Left-31de fzimuth Cutoff Angles
11 Degrecs

Right-51de Lzamuth Cutcff angle,
1n Degrees

Left Unper Vaision Cutolf fAngle at 9GP

Left Lower Vision Cutoff Angle at Q00

Baght Upper Vision Cutoff fmgle

Right Lower Vision Cutoff fngle

Palot Eye Level Above Ground in Inches

Pilot Eye Distance to Windscreen at
FO° Left in Inches

Pilct Eye Distonce to Windscresn at
09 1n Inches

Pilot Bbye Dastance to Windscreen ot
90° Raght in Inches

21700

ot GO°

H-25 H-31 H-3& H-37 XH-40
Left Right Right Right Raght
3.7 5.5 5.2 5.0 L.9
30 Ll bl 4o 39
0.9 1.6 1.6 12 13
2'8 3'9 3I'J 3-8 31-6
38 88 70 126 35
L3 Lo 24 17 55
130 a7 112 123 125
aud 98 1L 162 113
38 112 20 16l 22
58% 30% 33% 20% Po%
9 hp 1 3.4 22
2L 66 o 51 53
72.25 94 130 5 135 5 ==
43 5 13.5 1525 21 25 --
41 75 39.75 20.5 24 --
1L.s  Lo.s  LB.25 &7 25 --

HOK-1

Raght

k3

53

136

162
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T/BLE I (continued)

GENERsL DAT: REL-TTNG TO HELICOPTERS

Helicopter HRS5-3 CH-1
Norms) Pilot Seating Rigkt  R.ght
Totzl Viszbility (steridians) 5.3 58
Per Cext of Total Steridiens 34 L6
Monoculcr Visibility, in Steridicns 1.1 1k
Biaoculer Visibility, 1n Steridicns 32 L
Tp and Forward Visibility Cutolf fnmgle 60 53
111 Degrees
Downn ocnd Forword Visibilaty Cutoeff fingles 27 21
in Degrees
Le®™t-Side fizamuth Cutoff Angle, 1n Derrees 883 &0
Right-Side Azimuth Cutoff Angles 1n Degrees 180 269~
Lelt Upper Vision Cutoff fngle at 900 1 Bk
Left Lower Vision Cutoff Angle ot 0% 30% 25%
Right Upper Visicn Cutoff Angle at 90° 9 Sh
Right Lower Vision Cutoff Angle at 300 €9 7
Pilot Eye Level Above Ground in Inches -- --

Pilot Eye Distonce to Windsereen at - --
90° Lert 1a Inches

Pilct Bye Distance to Waindscreen at - -
0C an Inches

Pilot Eye Distance to Windsereen ¢t -- --
g0v rtcht 1n Inches

Note

[

Ay obstruction 10° in width or greater is considered the visual lamit.

- Vision obstructed between 100 and &% above horizontal plane.

- Copilot a5 not 1ncluded.

~ Copilot 1is considered an obstruction

- 90° cbstruction by copilot., angle measured to lower wingow edge
1mmediately in front of copilct or copilot’s legs.

¥¥* - [ngle messured to front of rotor sheft.

* Lo O
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TABLE II

DISTRIZUTICON OF PILOTS PARTICIPATING
IN THE QUESTTIONNATRE STULDY ACCORDING TO
THE TYPE OF HCLICOPTER MOST FREQUENTLY USED

Typa of Helicopter

Mot Specalied

H

i3
19
21
23
25
31
34
37

Ne.

of Pilots
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TASLE III

DISTRIBUTIO: OF RETURI'ED QUESTIONNAIRES
COMP/RED WITH TOT4L FELICOPTZR EXPERTENCE

Hel:ccprer Hours Il of Piiois

1

Not Specifaed

0 to 299 15k
300 to 499 131
20G o 999 148

1000 to 1999 T2

2000 to 2999 1k

3000 to 4999 5
TABLE IV

PILCTS ANSWERING TIE QUESTTONNALRE
GROQUPED ACCOEDING TO TYPE CF EJPERIENCE

Type of Experience No. of Pilots
Not Specified 6
Helicopter Experience Only 158

Helicopter and Fixed-Wing Experience 365



TABLE ¥
A COMPARISON CF DESIRED VISUAL CUTCFF ANGLES WITH AVAILABLE CUTOFF ANGLES

Maneuver Minimum Desired Grouud Cutoff Angle Dowvnward (degrees)
Distance (ieet)
Desired Available
Direction of Sigcht A B c D
Coming to a Hover H-13 24 22 16 22 Extremely varioble, The same as below.

H-19 23 22 17 19
H-2Y 3% 20 17 17
H-23 17 12 1h 17
I-25 56 30 23 30
H-34% 19 18 11 15

2 Dircetion of Sight A B C D 4 B C D A B £ D
During Lunding at H-13 15 1% 10 13 18 19 25 19 50 37 66 55
Instant of H-19 20 20 16 18 21 22 24 22 32 34 83 58
Touchdown H-21 19 15 13 17 2b 28 30 25 16% 30 77 65

H-23 1 8 9 11 27 36 32 27 20% Lz 4y Ly
o-25 12 13 14 13 27 25 23 25 43 38 9% 33
H-34 15 14 g 11 36 33 47 b7 2h¥ 33 70 52

* Avalloble downwzrd angle less than desired.

Note. Directions of sight are shown in Fig. 10.
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TATLE VI

A COMPARISON CF
DESIRED VISIRLE GROUND DISTATICES
BY TYFE OF EXPCRIENCE

Direction o
of Sagkt H-13 H-19 H-21 H-23 H-25 H-3L
5 5 3 2 ] 5
5 2 2 2 2 2
2 : 5 S : 3
Sy 8 45 4 22 2 43 8 4% £ 5% 3
e B @2 B ©d b UE © wg © 44 H
Ho @M O Ho @A o moe m o Ho M B0 MM S0 a
Direction
of Sight Mancuver - When Comang to a Hover
A i 27 14 30 19 b6 58 15 -- 56 19 18
B ik 24 13 28 15 22 21 1 o-- 30 18 17
C 10 19 5 2 1k 19 23 13 -- 2 1210
D L 25 5 26 15 19 22 16 -- 30 13 18
Darection Maneuver - During Landing at
of Sight Instont of Touchdown
A 12 16 12 26 17 22 24 10 -- 12 15 14
B 1c 15 12 25 12 18 15 T -- 13 13 17
C 8 11 5 23 10 17 6 8 -- 14 8 10
D 11 15 7 25 12 21 22 10 -- 13 11 10

Note+ 1. Type of ocireraft flown - helicopter only cr kelicopter
end fixed-wing airceroft.

2. H-25 pilots porticipating in this study kad firxed-wing
experience, thercfore, no compar$son was possible.

3. Dhrections of sight are shown in Fag. 10.
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TABLE VIT

EVALUATTION OF VISIBILITY
AS PROVIDED BY SPECIFIC HELICCPTERS

Visibilaty Upword to Front

H-13 i-19 H-23

12 3 M 1 2 3 M 1 2 3 M
TokeofT Run 97 2 1 1.04 65 33 2 1.38 8+ 13 3 1.19
Straight Clamb 98 2 0 1.02 63 31 6 1.k 88 11 1 1.4
Cruise 98 1 1 1.02 75 21 L 1.29 & 9o 2 1.13
Eevel Turns 97 2 1 1.00 63 33 L 1.42 84 1k 2 1.17

Finol Approack 98 2 ¢ 1.02 79 19 2 1.23 5 17T B 1.33

Haver 28 1 1 1.03 75 23 2 1.27 83 10 2 1.37
Landaing 96 3 1 1.04 8 17 1 1l.21 8« 8 8 1.23
Autorotation 99 1 0 1.0 79 19 2 1.22 84+ 11 5 1.20
Glide

Autorotation g3 1 1 1.02 77 23 ¢ 1.23 75 16 9 1.34
Landang,

Mexamum

Performance 95 5 ¢ 1.03 61 17 12 1.51 83 14 3 1.20
Tokeoff

Lending in 98 1 1 1.03 73 25 2 1.29 72015 13 1.4

& Confined Aren
Average 97 2 1 1.03 72 24 L 1.3z 82 13 5 1.31

Hote: In terms of the percentoge of pilots who rated in each of
three categories-

1 ~ Excellent
2 - Adeguate
3 - Inadeqguate

Evaluation (M) 15 2 weighted averoge ol categories 1, 2, and 3



Strright Clamb
Cruise

bevel Turns
Fincl Approoch
Hover

kanding

Autorotetion
Glide

Autorotntion
Lendang

Moxcamum
Perfnrmance

T keoff

bkomdang an

o Confined Areca

Avercge

79
81

81
85

83

80

83

81

22

TABLE VII (continued)

EVALUATION OF VISIBILITY
AS PROVIDED BY SPECIFIC EELICOPTERS

Visibility Upword to Froot

17 0

17 3

17 o

18 1

1.22

1.21
1.20
1.19

1,20

1.1°7

1.22

1.17

1.20

100

38

H-25

O D O o

20

18

11

3
0

0

O

1.309

-
o
\O

1.0
1.20
1.15
1.09
1.09

1.09

1.09

1.12

8k
&1
a5

Eh

Th

82

81

19 7

15 3

17 2

1.20
1.23
1,19
1.30

1.20

1.33

1.721
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TABLE VII {continued)

EVALUATION OF VISIBILITY
AS PROVILCED BY SPECIFIC HELICOPTERS

Visibilaity Dovmward to Front
n-13 H-19 H-21

3 M

1
Takeoff Run 87 13 - 1.13 52 42 1.54 41 25 34 1.95

1.33 52 31 17 1.65

2 3
3 6
Btreicht Clikb 50 9 1 111 58 38 L4 1.46 hg 28 23 1.7k
Cruise e &) I
8

hevel Turns 91 i 1.09 60 35 5 1.4 sh 29 17 1.63

Finel Approach 76 21 2 1.28 38 44 18 1.81 17 25 58 2.42

Hover 85 1bh 1 1.16 50 33 17 1.67 37 35 28 1.91
kendan; g 17 1 1.18 31 50 19 1.88 31 20 Ly 217
Autorotation

Glide 78 21 1 1.22 Ly 43 13 1.72 34 23 b3 2.09
Autoretation

Landarg 77 20 3 1l.26 23 38 39 217 17 23 60 1.83
Msxamum

Perfrrrmarce 91 % 0 1.09 58 33 9 1.50 50 25 25 1.73
Takentf

Landin, 1n
a Ccafined Ares Tl 23 6 1.30 73 25 2 1.29 72 15 13 1.4

Avera_e gk 15 1 1.19 51 37 12 1.62 B 25 33 1.87
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TABLE VII (continued)

EVALUATTICI OF VISISILITY
AS PROVIDED BY SPECIFIC HELICOPTZRS

Visibality Downverd to Frent

H-23 H-25 H-3h
1 2 3 M 1 2 3 M 1 2 3 M
Taseoff Run 33 49 18 1.85 91 9 0 1.09 63 3% 3 1.bv
Strai.ht Clamb 40 352 8 1.68 g1 %2 0 1.09 65 32 3 1.37
Cruise b9 L4 7 1.58 9. 9 0 1.09 73 26 1 1.27
Level Turns 52 41 7 155 90 10 0 1.10 69 30 1 1.32

Final Appreach 22 33 45 2 21 73 27 0 1.27 Lo 51 9 1.69

Hover 29 51 20 1.2 100 0 0O 1.00 L8 42 10 1.63
Landia, 20 50 30 2.10 100 O 0O 1.00 39 4 15 1.61
Autosrotation

Glile 27 46 27 2.00 91 9 0 1.09 58 37T 9 1.55

Autorotatinn

Landan, WU W4 42 2,28 B2 18 0o .18 27 hs 28 1.23
Mazamum
Performance %1 45 14 1.70 912 0 9 1.18 61 33 6 1.h4y
Takeoff

Landan:, in
a Confineld Area 20 32 L8 2.27 &2 18 0 1.18 32 44 24 1,01

Average 32 L 24 1,92 8 g9 1 1.12 52 38 10 165



Takeoff Run
Straisht Climb
Cruise

Level Turns
Fiael Approach
Eover

Landan,

hutorotation
Glile

Autorotation
Landan,

Mazramum
Periormance

Takeotll

Londan, an
a, Confined Area

Lvera e

gk
96
96
68
93
90
96

gl

o4

87
93

AS FROVIDED BY SPECIFIC HELICCPTERS

d~13

11

TABLE VII (conticued)
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EVATUATION OF VISIBILITY

Visikility an Left Sectorx

3
0

1

1.14
1.05

1.10

1.06

1.06

1.06

1.15

1.08

iy

27

Lé

29
41

Yo

kL

Lg

38

I-19

3
6

14

29

33
13

M
1.60

158
1.48

1.92

1.71

2,02

1,60

2 ok

1.73

59

58

69

k7
63

I-21
2 3
25 6
19 6
25 5
33 8
3 &
3¢ 7
25 12
32 2
3% 6
30 1
Ly 12
31 6

¥Eveluations apply to visibility requirements in both the
horizontel and verticol larections.

1 42

1.33

1.66

1. bk
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TABLE VIT (continued)

EVALUATTION OF VISIBILITY
AS PROVIDED BY SPECIFIC IHELICCPTERS

Visibility 11 Left Sector

H-23 H-25 E-34
1 2 3 M 1 2 3 M 1 2 3 M
Takeoff Run 59 36 5 1.h6 18 64 18 2.00 Sh w2 4 1.51

Straight Clamb 79 21 ¢ 1.21 3% 55 9 173 51 42 7 1.5%

Cruase 82 18 0 1.18 82 18 0 1.18 59 35 6 1.47
Level Turns 56 3% 10 1.53 20 70 10 1.90 37 43 20 1.52
Final Approach 73 26 1 1.7°8 36 55 9 1.73 53 b1 6 1 54
llover 73 24 3 1.31 36 6b 0 1 64 k5 ht 8 1.62
Landan, 75 22 3 1.27 366 64 0 1.64 50 43 7T 157
Autorotoction

Glace T2 28 0O 1.29 3% 56 8 1.72 48 Lk 8 1.60
Autorotatoon

Lanling 40 35 25 1.85 36 0 64 2.4 Lo 48 12 1.70
Ioximmum

Performance 76 23 1 125 46 54 0 1.55 48 46 6 1.58
Tekeof?f

Londang 1n
a Confined Area Y41 34 25 1.27 18 55 27

[

.09 3 45 21 1.87

ST L 43 10 1.59

(S8

Avera,e 66 27 7 1.50 36 50 1
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TABLE VII {continued)

TVALUATION OF VISIBILITY
AS FROVIDED BY SPICIFIC HELICOPTERS

Visibailaty 1a Richt Sector

H-13 H-19 H-21
1 2 3 M 1 2 3 M 1 2 3 M
Tokeolf Run 64 31 5 1.k T 17 4 1.29 95 5 0 1.05
Strai_ht Climb 68 29 3 1,35 81 15 4 1.19 95 5 0 1.05
Cruise 7224 4 1.31 90 10  1.10 95 5 0 1.05
Level Turn 5% 35 11 1.53 71 27 2 1.31 & 11 o 1.1
Final ~pproach 62 31 4 1.34 81 19 0 1.19 86 13 1 1.21
Hover 57 35 8 1.58 79 21 0 1.2l 91 8 1 1.11
Landin, 66 28 6 1.39 79 21 ¢ 121 21 9 0 1.09
Auteorotation
Glide 51 33 6 1.4 85 13 2 1.17 g2 6 2 1,09
Autorotatzon
Lenlan, 60 33 7 1.47 79 19 2 1.23 88 9 3 1.0
Moxzimum
Perrormance 6L 35 h 1.k 92 8 0 1.08 92 8 0 1.08
Takeoff

Bandane in
£ Confined Area L6 Lo 1k 1.67 77 23 0 1.23 8o 14 6 127

Lveore e 61 32 7 1.45 81 18 1 1.20 90 9 1 1.11



Tekeoff Run
Stroasht Climb
Cruisec

Level Turns
Final Approach
Hover

Leandang

Autorolation
Glile

fHuterotation
Londan,

Mastimum
Performance
Takeoff

Landang an
& Coafined Arca

Lveraze

L9
76
23
72
€9
73

73

71

57

TL3LE VAT (continued)
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EViTUATTION OF VISIBILITY

45 PROVIDED BY SPLCIFIC HELICCPTERS

Visibilzty 1a Kight Sector

H-23
2 3
31 1
BT
21 3
36 11
26 2
27 4
o5 2
24 3
25 I
23 2
27 11

28 3

1.53

1.17

=

30

1.3k

1.27

)_\
=
[@s]

j—
.
e
Ch

91

91

73
8o

H-25
2 3
17 0
18 0
18 0
50 1C
18 0
18 0
9 0
9 0
9 0
a 0
27 0
18 2

1.09

109

8l

85

85

84

78
81

n-34

17

MR WL}

= O~ v

1.31

1.17

1.29

1.22



Helicopter
E-13

H-19

Due

29

T.BLE VIII
A COMPARISON OF »~VAILABLE LND NECESSARY
VISIOW CUTORF ANGLES SIDEV/RD AND UFWARD
TO SEE THE MATN OR FRONT ROTOR TIP3

Hequired Available  Required Available

ingle Angle fngle fngle
{deg.) (deg.) (aeg.) (deg.)
Neer Side¥ For Side*

4.8 Unlimited 12.9 Unlaimited
L.9 2l b LY 7.8
1.2 51.3 12.6 28.8
14.0 81.1 14.0 81.1
9.3 9.8 10.1 3h.1
8.8 1.0 8.0 19.6

to side-by-side seating arrangement where applicable



LEGEND-

©< APPARENT VISUAL ANGLE
o= TRUE VISUAL ANGLE

TRACE OF POSSIBLE
EYE POSITIONS

FIG. 1 EFFECT OF HEAD FLEVATION ON ANGULAR
VISIBILITY LIMITS
FLIGHT PATH —7 TOUCHDOWN POINT —\‘ TRAID

+ =
e 600" whe 600" 50"

B

—Y—E FAIRCHILD FLIGHT AN/ ..{ZER

FIG. 2 CAMERA ARBANGEMENT FOR FLIGHT PATH PHCTOGRAPHS



THE FAIRCHILD FLIGHT ANALYZER

. 3A

FIG

FIG. 3B TYPICAL FLIGHT PATH RECORDED WITH FAIRCHILD FLIGHT ANALYZER
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5A THE TRAID CAMERA
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FIG 5B TYPICAL PICTURE TAKEN WITH TRAID CAMERA
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SEAT BELT FASTENED

MODERATE HEAD
Bop#
FIG. 6 PERCENTAGE OF PILOTS DESIRING TO SEE EXTERNAL PORTIONS OF THE HELICOPTER



0.4 Normal (straight) Climp

3,6 Maximum Performance Takeoff

3.8  TPakeoff Run

k.7 Autorotation - Glide
Y |
T
4.7 Lending (Including Hovering in Ground Effect)

11.1 Hovering for Rescue or oumilar Ground Work

I
L

13.0 Autorotation - Luno iog

587 Lani:ng in & Confined Ares

o 20 40 60
Per Ceut o iotal Replies

FIG. 8 RELATIVE Iif.. 'TANCE OF VISIBILITY DURING COMMON MANEUVERS SHOWN IN
PERCENTAGE OF TOTAL REPFLIES



ESTIMATION RATING SCALE:
1. NO OBSTRUCTION PERMISSIBLE
2. MINOR OBSTRUCTION PERMISSIBLE < 1 1/2" WIDE-,
3. MORE OBSTRUCTION PERMISSIBLE => 1 1/2" WIDE -

Permissible Obstruction

Grester than e Less than 1 1/2 inches ‘ : No obstruction sl €83 than 1 1/2 inches »lg. Creater

1 1/2 inches than
11/2
3 inche
3!
ST : o
& [ = | )
g \ ﬁ & l /
4 :
a 4 | A
[t 0
e is
a2 t &
3 4
8 5
— - ___I :
22} il
g = = BRSNS T
ﬁ(l 5 — = T /
\\
A W
1
120 90 - 60 30 v 30 60 90 120
~~—— LEFT AZIMUTH ANGLE FROM FORWARD IN DEGREES RIGHT ——3=

FIG. 9 VARIATION OF MEAN ESTIMATION VALUES OF OBSTRUCTIQON RATINGS WITH AZIMUTH ANGLE



ROTE

NOTE:

NOTE,

THIS IS A PLAN VIEW OF A HELICOPTER. DISTANCES
ARE TO BE GROUND (CR HORIZONTAL) DISTANCES.

IF THE HELICOPTER YOU ARE CONSIDERING HAS THE
NORMAL PILOT'S SEAT ON THE LEFT, CONSIDER DIMENSION D
AS BETNG BETWEEN A AND B.

DISTANCE "C" IS CONSIDERED AS THE EXTERNAL
DISTANCE IMMEDIATELY ADJACENT TO THE PILOT AND ALL
QUESTIONRATIRES WERE INTERPRETED IN THIS MANNER
CAUSIFG "B" AND "C" TO BE TRANSPOSED FOR PILOTS
SEATED LEFT.

FIG. 10 LINES OF SIGHT FOR QUESTION 7
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VISUAL CUTCFF ANGLE FORWARD AND DOWN IN DEGREES

LEGEND
O -H-13
@ -H-19
- H-21
H-23
H=-25
H-34

t

>>HEQO

FIG 11 A COMPARISON OF THE MAXIMUM MEAN RATINGS (TABLE VII) FOR VISIBILITY FORWARD AND
DOWN WITH THE VISUAL CUTOFF ANGLE FORWARD AND DOWN (TABLE 1)
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VISUAL CUTOFF ANGLE FORWARD AND UP IN DEGREES

FIG 12 A COMPARISON OF I'HE MAXIMUM MEAN RATINGS (TABLE VII) FOR VISIBILITY FORWARD AND
UP WITH THE VISUAL CUTOFF ANGLE FORWARD AND UP
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ffi 5 a0 - MINIMUM ADEQUATE RATING = ® -H-19
= ™ 0O - H-21
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b A - H-25 (RIGHT)
% - H-34
% 100 A
= 0 10 20 30 40 50 60 # UPWARD VISUAL CUTOFF ANGLE
UNLIMITED AND THEREFORE
UPWARD VISUAL CUTOFF ANGLE AT 90° TO THE LEFT IN DEGREES OMITTED

FIG 13 A COMPARISON OF THE MAXIMUM MEAN RATING FOR VISIBILITY TO THE LEFT WITH
THE UPWARD CUTOFF ANGLE AT 90° TC THE LEFT
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5 || inl \‘. B - H-23
:; - — A - H-25 (RIGHT)
> A -H-34
< 100

= 0 10 20 30 40 50 60

DOWNWARD VISUAL CUTOFF ANGLE AT 90° O THE LEFT IN DEGREES

FIG 14 A COMPARISON OF THE MAXIMUM MEAN RATING FOR VISIBILITY TO THE LEFT WITH
THE DOWNW ARD VISUAL CUTOFF ANGLE AT 90® TO THE LEFT



MAXIMUM MEAN RATING

3 00 T |
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AZIMUTH CUTOFF ANGLE TO THE LEFT IN DEGREES

FIG 15 A COMPARISON OF THE MAXIMUM MEAN RATING FOR VISIBILITY I'C THE LEFT WITH

MAXIMUM MEAN RATING

FIG

THE AZIMUTH CUTOFF ANGLE TO THE LEFT
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UPWARD VISUAL CUTOFF ANGLE AT 90° TO THE RIGHT IN DEGREES
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A - H-25 (LEFT)
A -H-34

lo A COMPARISON OF THE MAXIMUM MEAN RATING FOR VISIBILITY TO THE RIGHT WITH
THE UPWARD CUTOFF ANGLE AT 90° TO THE RIGHT
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FIS 17 A COMPARISON OF 1HE MAXIMTUM MEAN RATING FOR VISISILITY
[0 THE RIGHT Wild THE DOWNWARD CUTOFF 90° TC THE RIGHT
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FIG 21 BELL H-13G FRONT VIEW



FIG 22 BELL H-13G SIDE VIEW
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FIG, 27 VERTOL H-21 FRONT VIEW
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FIG, 35 PIASECKI H-25A SIDE VIEW
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FIG 40 SIKORSKY H-34 FRONT VIEW
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FIG 53 CESSNA CH-1 SIDE VIEW



FIG 54 CESS5NA CH-]1 FRONT VIEW
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APPENDIX IT
HEELICOPTER FLIGHT CHARACTERISTICS

Date herein relate to the flight charscteristica of the HOK-1,
FRS-3, H-13, H-21, and H-34 helicopters. All data presented have been re-
duced from photograrhic records obteined with the Fairchild flight analyzer,
a3 discussed in this report. Typical flight-path pictures for each type of
maneuver recorded are shown in Figs. 55 to 59 of this appendix. The mazner
1n which pertinent information was derived 18 1ndicated on each figure.

The length of flight path being considered is determined by the

formula
nd
L ===
40
where
L = length of flight path (feet)
n = number of frames on the picture to the touchdown point
d = perpendicular distance from the camera to the flight path (feet).

Wherever flight attitudes are referred to in this appendix,
poaitive values indicate nose up and negative values indicate nose down.
Posltive flight-path angles indicate that tae helicopter 1s ascending and
negative values, descending,

In a normal takeoff maneuver, a nose=-down attitude 18 experienced
during the first portion of the recorded flight path, while a nose-up atta-
tude occurs during the latter portion. TFor this reason, the "average attitude"
for takeoff maneuvers has been broken down into "average nose-up attitude”
and "average nose-down attitude."

The sight angle 1s the visuel angle required to see a touchdown
target during approach. This angle is defined by the imtersection of a line
parallel to the helicopter centerline extended from and forward of the pilot-
eye position with a line through the pilot-eye position end the touchdown
target. This angle is determined by adding the target-sight engle indicated
m Figs. 55, 57, and 58, and the helacopter attitude. The target-sight angle,
in turn, 1s the angle formed by the intersection of a line through the pilots!
€ye position and the touchdown target with the artificial horizon (horizontal
markings placed on the photograph by the cemera).
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HOK-1 NORMAL TAKEOFF

1 2 3 b4 5 6 7 4 9 10 11 12
FLIGET HEADING WIND LENGTH MAXIMUM  DISTANCE MINIMUM  DISTANCE AVERAGE  AVERAGE  AVERAGE
No  (deg ) VELOCITY FROM OF ATTITUDE COL 6 ATTITUDE COL O NOSE-UP NOSE-DOWN FLIGET

(deg ) FLIGHT AFTFR AFTER  ATTITUDE ATTITUDE  PATH

PATH TAKEOFF TAKECFF

1 200 --- ---  9k5  3%o0! T90! - 6°30' 115 1°30" -2%301 3300

2 200 -— ---  1260° 5030! 10601 -16%0' ' 3%00! -6%0'  6°3o¢

3 200 ---  1z85' Loy 1035* -13%9301 b5 3900" -6%°3' 5%

L 200 --- --- 135 4P 1105 -10%0'  315° 2930 -Poor  L%o0¢

5 200 —_— -—=  1305°  4P3os 9701 - 8%0r ot 2030" -3¥300 49300

€& 200 — = 124or 50300 Too! - 9930 115" 30" -2%30r  7Poor

7 200 - ---  1305! 3930" 1240 - 6930  Lg' 1930" -3%0! 65001

8 200 -—— -—— 12400 4930 880" - 3%o0r 70" 2930° -1%00" 700"

g 200 - --—- 1215" 3°30r 1080¢ - 5% Los* 1930 -3%0r 2030"

16 200 -— - u7o"  3°00 6551 - 9%0* o' 29001 -6%00r 29301
11 200 - ——- 12407 3°300 2a5¢ -12%301 2514 20" -2%501 59300
12 200 an- === 12857 6900 Ths a%30' 205" 3%30! None 8Ro0r
13 200 - -—- 125! 900" 655" -100900" 70! L% -52301 5%aq!
14 200 — --- 1285 7°30! 1240 -15%3%' 7o 230 -3%0r P
15 200 —— -——- 1195’ 39301 610" - 7300 TO! 201 -29%001 5%
16 200 _— --= 12157 49301 630! -11°30"  135° 20301 -19351 Leog!
17 200 9mpk 180 1305  8%30 1285 - 8%0' L5 330 -3%30 P30
18 200 9mh 180 1305¢ 7730 1105° - 2%0' o0 1%0! 1%ar  8%0:
19 200 9mph 180 1260'  7930¢ 1150° - 5%30¢ k5! 4%30 -3%¢' 8%
20 200 9 mph 180 12k0* L4930 810 - %0 360 3%00" -2%01  4%0e
21 200 9mph 180 1305'  3%300 12851 - 49301 295! 2%0! 2% 330

AVERAGE 590G+ 965" - 8% 180 3%a: -3%0'  5%30r



1 2
FLIGHT HEADING
N0  (deg )
1 020
2 020
3 020
4 020
5 020
6 020
T 020
8 020
9 020
10 020
11 020
12 020
13 020
14 020
Average

HOK-1 AUTOROTATION TO A PANEL WITH POWER RECOVERY

3

i

WIND
VELOCITY FROM

(deg )

-

2
LENGTH
OF
FLIGHT
PATH

12ho!
1l2kor
1215
1170°
1035
1215
12hgt
45!
1125
1215!
1260"
1215'
12151

1330

& 7
DISTANCE — MAXIMUM
TOUCHED  ATTITUDE
DOWH
PEFORE
TOUCHDOWN
PANEL
251 23°%00!
70! 20000"
Qr 20030!
hst 19930!
o! 23%00!
251 28°%30"
Esl lTDmI
bt 23°30!
o 16%00"
o 240+
o 15%0"
a5! 18°00*
25° 18%30°
o 27%0!
20" 21°0!

8

DISTANCE
COL 7
BEFORE
ACTUAL

TOUCHDOWN

225°
2701
295"
2051
315
180"
205"
250!
250!
270"
360!
135"
160!
250"

232'

9
MINIMUM
ATTITUDE

- 3000|
-10%¢0!
- 0°30!

DDOO'
- 5%
- 6°30"

o
-3

2%
- BODO'
- 2°3ol
- 2%o0!
- 0030'
- 2%
- 390"

10
DISTANCE
caL 9
BEFORE
AQTUAL
TOUCHDOWN
gLs*
1195!
H35*
1105'
720!
10807
1105'
655"
TOO"
925!
1105*
k3o
B55'
1285
935'

11
AVERAGE
ATTITUDE

20001
190+
5°30!
W30
L%0"
7%00°

2”00"

7001
52301
4%300
%00
1930
5%00!

kO30

12
AVERAGE
FLIGRT
PATH

-16%0"
-16%30"
-15%00"
-13%0!
-20°30
-10%30"
-15%8!
-14%0*
-22%u0!
-19%30"
-14%30"
21900
-18%o0!
-15%30°"

-16930!

13
MAXTMIM
SIGHT
ANGLE

1k

DISTANCE
coL 13
BOFORE
ACTUAL
TOUCHDOWN

2g5!
27!
235"
225"
315!
180"
205"
250"
790"
270!
2357
135t
160!
250!

275"

15

SIGHT
ANGLE

830!

3030!
w8300
12%30"
17%0°"

3°301
12%30°
16%0"
17°30!
14%a:
157301
15°%00"
16%30°
12%00!

13%0!

g

DISTANCE
coL 15
BEFORE
ACTUAL
TOUCHDOWN

630"
a70!
83s°
790!
720!
1080°
Las!
655"
L5
925"
1240t
430"
855
1125¢

8501

17
AVERAGE
STGHT
ANGLE

13%0!
100001
2p%30°
16%0°
27%0"
14%0"
17°%00"
20930
25°30!
21000‘
27730"
200!
21%0"
168%0"

19°30!



1

FLIGHT HEADING
(deg )

NO

F ow

@D 1 N W

10
11
12
13
14
15
16
17
18
19
20

AVERAGE

2

020

QR0

020

020

020

020

020

020

020

Q20

020

020

Q20

020

020

Q20

020

020

020

020

HOK-1 STEEP APFROACH TO A PANEL

3

N

WIND
VELOCITY FROM
(deg ) FLIGHT

PATH

9 mph
9 mph
9 mph
9 mph
9 mph

9 mph

5
LENGTH
OF

1°15°
1170
1240
1105"
12h0t
1215
11250
11057
11251
1125°
1080°
1060"
1080"
1150°
1240°"
nror
12ho’
12ho!
12404

1285°

6
DISTANCE

TOUCHED ATTITUDE

DOWN
BEFCHE
PAIFEL

251
Y5
45
agt
Lt
To!
a5t
yg!
st
L5
45
a5
To*
ygt

o
To!

o
25
Tor
25'
b

7
MAXIMUM

16°%00"
23000'
17%00"
21700
20%30°
15°00"
21%¢0"
18%30+
14930
180!
14%00
1P
1¥* 30!
149001
10%00"
©0”00°
17%00"
14030!
18%301
16°00"
16°30°

8
DISTANCE
CoL 7
BEFORE
ACTUAL
TOUCHDOWN

15!
701
270!
90"
T0°
25"
901
9Qr
251
51
701
270"
540!
25!
270"
bge
254
L5t
160"
675"
1ug3°

33
9

MINIMUM
ATTITUDE

3%o0*
49300
3%00

10
DISTANCE
coL g
BEFORE
ACTUAL
TOUCHDOKN
900!
1080
990!
Bag!
1080!
gks!
9hsg*
1060"
360!
90"
385!
765"
765"
45"
855
970"
855+

1135'
195!
8901

11
AVERAGE
ATTITUDE

N
600"
8%0!
8%0!
5%0"
93
&y
7°30°
730"

8°30¢
9%00"
930
80!
700"
00"
830
90!
8%30¢
9°30"

8%o0r

12
AVERAGE
FLIGHT

PATH

-16%0!
-20000'
- '(oool
-17%0°"
-14%30
- 9%30"
-12%0¢
-15%o0:
-13°c0"
13025
-17900"
-19°30"
-19%0!
-14%301
-15%0°
-15930°"
-15%30"
-16°30"
- 7°301
- 9°30l
-14%300

13 14
MAXTMUM DISTANCE
SIGH?  COL 13
ANGLE  BEFORE
ACTUAL
TOUCHDOWN
2%0' 115
11-0000 ' TO!
33730 25
PP 90
38%301 70!
31%¢0° o
32%0" 90"
29%0" 901
27%30 701
3c%00" b5t
30030" 70!
3’0" 270
330" 3hor
333 a0
1%og! 70!
WO30' 205
36%00" 25!
30%00" 270"
28°%301 160"
28%30" 5851
33%30' 265!

15
MINTHUM
SIGHT
ANGLE

16°30
18%30

870!
20°30"
19%00!
16°00"
18%a*
13930
15%0!
16%30°
18°30"
28°30°
22%307
17700!
25%00!
16°00"
18%co!
19°30°
11%0"
14%30r

168%0"

16

DISTANCE
COL 15
BEFORE
ACTUAL

TOUCHDOWN

900"
1050
990!
8801
10807
k51
9Us51
10601
1035°
1035
251
8101
25!
Té5"
1215
950!
1215°
251
1195
1195°
950!

17

AVERAGE

SIGHT
ANGLE

20%300
24%q:
18°30"
2530
28%0"
22%307
21%0¢
21%0"
22930!
219%0!
=28°00°
31°30°
30°20!
25°00"
33°30"
24°301
26%00!
25%0"
18°30°
22%30

ehuao'



HOK- 1 NOHMAL LANDING TO A PANEL E

1 2 3 4 5 6 8 10 1 12 13
FLIGHT HEADING WIND LENGTH DISTANCE MAXIMUM DISTANCE MINIMUM DISTANCE AVERAGE  AVERAGE MAXIMUM
%o  (deg ) VELOCITY FROM_ OF  TOUCHED APFITUDE COL 7  ATTITUGE COL 9  ATTITUDE FLIGET  SICHT
(deg } pLIGET DOWN BEFURE BEFORE PATH ANGLE

FATH  BEFORE ACTUAL ACTUAL
‘rogm TOUCHDOWN TOUCHDOWN

1 o= - -——  1170" bgt 30°00" 0! 0®o0! 970" §%0" - 7P00* 4330t
2 020 - - 1170" L5 2P 301 gq! oPoot 900" Fi - B3 35%30
3 020 - ——— 1060 450 1f o0 270! 030! 1035! oot - P30 252300
b 020 —-- ---  124o¢ gt 2L°00¢ 70! o° 307 1215' oo - P30t 33P00°
5 020 —- --- 1105 25! 23930! 115" 1%0" 1060" 10°30* -11%00'  39%00!
3 020 ——- --= 1150' 70! 21%30" 135" 1030' 1060 9033t 13%0'  33%3
7 020 —-- --- 12hoo 0! 23%¢0" 160" 0%o0" 970" 8°30 -15%30'  Lbego!
8 020 - --- 1215 251 26" 30" 180" -2%0" 1060" %o - 4P W%
9 020 - --- 990 kg 15%01 90! 1930¢ 900" 10%0' - 7°30'  31%0"
10 020 -— --- 1195 0! 19900° 90" 3%0° 1015! 9030 - 4oig! 2593
11 020 - -—-  12ko* 25" 12%30" 15" 3%0" 990! fo3gr  -11000' 25930
12 @20 - --~ 1170 O 23%0! 251 0%30° 1035! 10930' - 4%0'  27%0!
13 00 -, -—- 1035T G0° Wl ns 3%00" 990" 900" - 93" 24%30
14 020 9 mph 180 1195¢ Lot 23%0! 90! oo’ 990" 9%0' - 8%0' 3000
15 Q20 9 mph 180 1285t ks 2230 b5 000" ghgr 8%00' -12°30'  33°%00"
16 020 g mph 180 12B5' 451 20%0° byt 1230+ 1240" 10°30' - 5% 27700t
17 020 9 mh 180 124! age 18°30" WQ! Q3 1080 900t -11900t 3700
18 020 5 mph 180 1195¢ TO" 15°30" 2701 oy’ 170 1Poo - 23 20%0a!
19 020 9 mph 180 1305 251 17700! 160" 3%0* 1150* 10°00' - 7930'  25%0°
AVERAGE g 20%0" 155¢ 1%30° 090" 9%30' - 8%  °’

1k
DISTANGE
COoL 13
BEFORE
ACTUAL
TOUCHDOWN
7ar
90l
a7o"
70!
115
1357
135!
18"
L5t

135!
257
133"
135"
Ls!
Lot
70!
250"
160"

125"

15
MINIMUM
SIGHT
ANGLE

6°00"
™30
&30
30
12%0:
14001
142301
anol
8930+
1730
14°00!
3730
11930
109301
11%00!
10030!
10°30°
9700
10900

5°30!

16
DISTANCE
COL 15
BEFORE
ACTUAL
TOUCHDOWN
gro*
1125¢
1035¢
1215*
1060°
1060!
201
1060!
900"
1015*
990°*
1035!
950"
990"
925"

1035
1170"
1150°

1065"

17
MVERAGE,
SIGHT
ANGLE

16°301
16030"
14000!
15930"
220!
20301
PRCEL
15%0"
13900
140301
20°%00!
14000°
17°00"
15930°
17900
17°00"
189301
1% 30
17930¢

17930



1 2 3 L 5 [ ki 8 9
FLIGHT HEADING WIND LENOTH DISTARCE MAXIMUM DISTANCE  MINTMUM
. (desg.) VELOCITY FAOM  OF  TOUCHED  ATTITUIE COL. 7  ATTTIVDE
(deg.) FLIGHT DOWK BEFORE
PATH  BEFCRE ACTUAL
TOUCHDIWH TOUCEDOWR
PANEL
1 020 8-10 knots 310  1125* 251 14C00! 1601 -68%0°
2 020 6-10 knote* 310 1195° gt 15°301 270! -2%30¢
3 020 B-10 knots 310 1240 ot 2 %0g: 115 -5%o0!
I 020 8-10 Emots 30 1150¢ or 10300 2051 -69301
5 020  B-10 kpots 36 1215° L5 12%30 4301 7200
AVERAGE 23 16%00" 2hor 5700
HRS-3 NORMAL TAKEOFF
1 2 3 '} 5 & 1 8 9
FLIGEF HEADTNG WIND LENGTH MAXIMM  DISTANCE  MINIMM DISTANCE AVERAGE
{deg.) VELOCITY FROM OF ATITIUDE  COL. 6 ATITIUDE COL. 8  RO9R-UP
(deg.) FLIGHT AFTER
PATH TOUCHDOWN TAKECFF
1 200 8-10 kmots 310 12607 1000! 900" -11%o0t 9o
2 200 B-10 ¥xnots 310 970! -3%0? hgst -13%0'  135°
3 200 6-10 nots 310 12400 -2%00" 1195 -129300  25°'
b 200 B-10 kmots 310 1305 0%o0" 12851 -15%3¢ 15
5 200 B-10 kmota 310 1260 o%0" 900" - 5% 205
& 200 8-10 mots 310 1305 -3%001 295¢ - P30 9250
7 200 8-10 knots 310 1285¢ -3°30" 1080 -1193%'  TO*
8 200 8-10 knote 310 1305" oy 12601 -11%0!* 251
AVERATE -2°001 925" -11%0* 355

35

HRS-3 AUTORQTATION TOWARD A PANEL WITH POWER HECOVERY

10
DISTANCE
coL. 9
BEFORE
ACTUAL
TOUCEDOWN
4500
160
565"
1060°
10351
101

10

11
AVERAGE
ATTITUDE

o%30
1Owl
%00+
030!
1°30°
1030+

AVERAMIE

12 13 14 15 16
AVERAGE MAXTMUM DISTANCE MINTMUN DISTANCE
FLIGHT  SIGHET  COL.13 SIGHT  COL.1S
PATH ANGLE  EEFORE ANGLE  BEFORE

ACTUAL ACTUAL

TOUCHDOWN TOUCHDOWN
-21%0r  m%or 160 12%p0: 385
-14%0' 240 270 40 1800
0 55°000 a5t 9°0" - shor
—15°00' yowu 2251 8033: 1060:
-14%0¢ 17930 25! 5%0'  1035°
-15%3%0" 3193 1401 8%at 595t

12
AVERAGE

AFTER ATTITUDE  ATTITUDE PATH

1%o0!
Rone
Kone
Rone
None
Nons

None

Bone

17
AVERAGE
3IGHT
ARGLE

21%o0!
12%30¢
18%00"
16930
11%0¢

16%0*



3 WIRD ! Lmsm DISTiﬂcE mx;um
VELOCITY FROM  OF  TOUCHED  ATTITUDE
(deg.) FLIGHT DOWH
PATH  BEFORE
TOUCHDOWN

PANEL
8-10 knots 310 1170 70! 30"
8-10 knots FO  1195' 51 730"
8-10 knots 310 1125° L5t 15930
8-10 knots 310  1195' 45! #o30"
8-10 knots 310 1170° L5 8001
8-10 knots 310 1150 701 630"
B8-10 knots 310 1195 ar 10%00"
L5 9°00"

HRS-3 STEEP APPROACH T0 A PANEL

8-10 mota 310 1215 251 570!
8-10 xnots 310 1260 o 4231
8-10 mots 310 1240’ L5 90+
B8-10 knots 30 1105° 1601 3900
8-10 ¥nots 310 1195 kst 5°30°"
§-10 knots 310 1215°¢ T0! 6000'
B-10 knots 31O 12407 g1 400
8-10 kmots 310 1170! To! 49001
8-10 kmota 310 12h0! o' 3%30:
55" 5930!

FLIGHT HRADING
Ko.  (2eg.)

1 020

2 020

5 020

" 020

5 020

6 c20

7 020
AVERAGE

1 020

2 020

3 020

L 020

5 020

6 020

T 020

8 020

g 020
AVERAGE

HES=-3  HORMAT, LANDING TO A PANEL

36

8 9 10 1
DISTANCE ~MINIMUM DISTANCE  AVERAGE
COL. 7  ATTTMDE COL. 9  ATTTTUDE
MOTUAL ACTUAL
TOUCHDOWN TOUCHDOWN

6ro" 29301 106801 930"
115! 0%0" nro* 20301
205 29301 1015° 5%+
225 1% 990" 3%0!
360" -2%0' 1035 300
35! 0%o0*  1035¢ 3%0°*

b5 -0%3p' 1125t 5%0!
275! -1°%' 1085 3°30°

To! -2%00" 520! 09301

251 590" 1240° 0%0°

901 <% sus 3%0°

g70" -1073p! 810 1%00"
251 -3 1060 0°30¢
%0 %0t 970 0°30"
160! 40300 sko 0°30"
701 -2%001 610! o®30°
0! -3%0 T00* -1%0?
175" -3%0! 75" o%30r

12
AVERAGE
FLIGHT

PATH

- g%o:
-10%0!
- 8%or
- %
- 83
- 4%0
- 19301
- TP00"

-177%0¢
-15°30°
_l3ow 3
-17%0°
-16°301
-16%0!
-11%30¢
_13Owl
-14%301
-15%0°"

HAXIMUM DISTANCE MINIMUM DISTANCE

i3 1%
SIGET  COL.13
ANGLE  BEFORE

ACTUAL
TOUCHDOWH
17%01 610"
19%0" 15°
5600 o
17700 b5t
16930 115"
16%01 25t
27%0" L
29%0' 125
21°3%" a5
29%0r 25!
240301 as»
19°%' 970!
21°30! 25+
21%0t  610'
26%301 1157
18%0! 0
36°30° 25!
25%0' 2100

15

16

17
AVERAGE
SIGHT

14%p00
15%0!
11%0:
119301

9%0"

12%c0!

2190
18730
17900
17°%00"
16%0*
16%00°
16%00"
16%01

18%01

SIGNT  COL.15
ANGLE  DEFORE AKGLE
ACTUAL
TOUCHDOWN
6%%0" 1080
1°300 585
%3 2015
%3 1035
6900t 10351
L9300 10350
19300 11250
600" 104%0°
16°30'  1i7of
10%30'  12ko!
13°30" 585!
w2950
13°3%0¢ 1060
9%0" 25!
12%%0'  shot
12301 1125
13%0'  12315°
13%0" w5

17930



1
FLIGHT
Ro.

o

37

7

8

MAZTMUM MINIMUM  AVERAGE
ATTITUDE  ATTITUDE ATTITUDE

H-13 CRUISE
CRUISE SPEED - L0 KNOTS
2 3 L 5 6
HEADING WIND LENGTH
{(deg.) VELOCITY FROM OF
(deg, )FLIGHT
PATH
150 10-12  247.5 . 1285'  -0°30!
160 0-5 1o 1285 0 00!
180 0-5 225  1305' -3%0!
160 0-5 225 1240t -0%300
180 0-5 225 1260 -3°30°¢
180 0-5 225 1260  29%o0!
-19001
CRUISE SPEED - 60 KNOTS
180 10-12  247.5 1260! 2%0¢
180 0-5 180  1195'  -ko30!
180 0-5 225 12851 -2%0!
180 0-5 225 1060' 0°30°
180 0-5 225  1125'  4°30°
180 0-5 25  1260' -7°00"
-2030¢
CRUISE SPEED - 80 KNOTS
180 10-12  247.5 1215'  -6°%00¢
280 0-5 18 1260t -3%30¢
180 o-5 225 1305' -8°30}
180 0-5 225  12k0'  -3°00°
180 0-5 225  1260'  -8%0¢
180 0-5 225 12401 0%00?
-5%0"

-12°30¢
-12%30¢
-13%0°
- 9%0!
-13%0"
-12°00*

-12%g0?

- 3°30'
- 8%0!
- 8°3or
- h°30'

9
AVERAGE
FLIGET

PATH
-0°301
29001
-1°0"
-2%39¢
-1%0"
.003) '

o]

-1 30'

-3%30°
Q

-1 00!

0%30¢
-2°w|
-0°%30°
-1930¢
_1030 '

0°30°

1°30¢
-0%30°
-1°%301
..1030|
-1900"

-0%30°



ke i
NO. (deg.)
1 -
2 -
3 180
'8 180
5 180
6 180
7 18
8 160
9 180
10 180
AVERAQE
1 -
2 -
3 18¢
y 180
5 160
& 18
T 180
8 180
9 180
10 180
AVERAGE
1 ——
2 —
3 180
L 160
5 182
6 180
T 180
8 160
9 180
AVERAGE

E-21 CRUISE

38

CRUISE SFEED - 70 KROTS

3

WIND

L

VELOCITY FROM

10-12
10-12
0-8
0-8
0-8
a-8
o-8
0-8
o-8
0-8

5

6

7

LENGTH MAITMUM  MINIMM

OF
{deg. JFLIGHT
PATH
180 135
180 1305'
225  1305"
225 1305
225 1305'
225  1305'
225 1330'
225 1305'
225 1260"
225 1305

ATTITUDE  ATTITUDE

5%0°

CRUISE SFEED - 90 KROTS

10-12
10-12
0-8
0-8
0-8
0-8
0-8
0-8
0-8
c-8

180
180
225
225
225
225
225
225
225

225

1305
1305'
1305°
1305!
1305!
1305
1305'
1305'
1260
1305

00’
2%3%!
L Oo3n
2P
1%0!
2%g!
1%0!
4%
20
2%0"
Foor

CRUISE SFEED - 110 KNOTS

10-12
10-12
0-8
0-8
0-8
0-B
a-8
0-8
0-8

180
180
225
225
225
225
225
a2

225

1305°
1305!
1305°
1305'
1305°
1285'
1305!
1305°
1305'

c%0"
090"
2%o0r
_1030.
-1%0*
o001
-1%0!
20001
1900

0%00"

-1%00"
0%00!
0%30¢
1%00"
2%o0°
0P00

-0%30"
2%30:
3%0"
1%00"
1%p0"

-0%p!

oo’
0%or
o %0

-0%30°
-2%¢0°
%3
_3033|
-5%30"
4%
-3000 !
-2%a
4930
-3%0!

323!
490
400"
6%00"
303}!
3030|
2%o01
5%00"

5%ar
100"

3%30°
1%p"
1%0¢
1%o0"
0%0!
1%0¢

30 "
1 %0
1%0r
¥ 30!

6001
-1%01
030"
-2°30°"
_3°oor
-2%3¢
-2
0°30!
-2%00°!

-1030'

PATH

-1%o0"
Q
D 00!
Poor

0%0"
oz
ofoor
1%00!
o%00!
o301
-1%0?
190"
-2%00"

0%0!



FLIGHT

oW

o W

oW +w

-

10

AVERAGE

o D = [ AN oW

10
AVERAGE

H-34 CRUISE

CRUISE SPEED - 7D KNOIS

mgnm ’ WIND * Imgm mx%-:m m%am AVEBLAEE Avxrgzm
(deg,) VELOCITY FROM OF  ATTTTUDE ATTTTUDE ATTTTUDE  FLICHT
{deg. JFLIGRT PATH
PATH
— 10-12 180 1305' 2%o0¢ 8% 1% 0%0?
— l0-12 180 1305' 3°30° 2%01 20301 1%a!
- 10-12 160 1215* 19300 -1%007 o%30 1930
- =12 180 1305' 39300 0%o0* 2901 201
- 10-12 180 135! Lot 20301 °pr 1%%
180 0-8 225  1305' 193¢ -1°%p0" 0Pt 1%00!
180 0-8 225 1305 2o oR30r 1%t 0%301
160 0-8 225 1305' P3 «0%301 P00 2501
180 0-8 225 1080t Pa; 0Pp0r 19300 0%00*
o] fov'sl 1%30¢ 1%0"
CRUISE EPEED - 90 KNOTS
- 10-12 18 135t 1% o0 1%er %07
- 10-12 180 1305’ 1%0! -0%0r 1%01 3%0*
. w-12 18 125 1%0 o%or 0% 1%
— 10-12 180 135t 2%p0 %0 1% 2%0!
.- 1012 180 135" 2%0 o%or 0% 13%0!
- w-12 18 1305 4ot 0 %o 25001 3%01
180 0-8 25 135 0%0 -3%0t 1%o0? 030!
180 0-8 225 1305 1% 2% 2% 1%
180 0-8 235 135 1%t 19501 o%o! 3%c!
180 0-8 225 1305t 1% =250t o%p 0%0
1%01 =1%o 0%01 2%0!
CRUISE SPEED - 110 KNOTS
- 10-12 180 120t 1%30¢ -3%0" -0°301 LCgor
--- 10-12 1680  1305' 20 -3%o0t  -1%0" 300"
--- 1012 180 135t -1%00 -3Po0r 2o o%aq1
- 10-12 180 1285 1930 -1%00" 0%00" %00
--a 10-12 18 1195' -1%w0° -2P301 -1%301 1930
--- 16-12 180 1305' oP300 20300 P30 1%a¢
180 0-8 225 1305 -193%0¢ oot -Foor 0%
180 -8 o5 13050 o000 2%’ -1°00" =190
180 0-8 225 12400 -1%00 -3%301  -2%0. 0%
180 0-8 225 1305 -1030 A4°301.  .3%0r  -0%30
90! -3%0r 1930 1%00"



H-13 NORMAL LANDING TO A PANEL

1 2 3 L 5
FLIGHT EEADING WIND ,, LENGTH
RO (deg } VELOCITY FROM  OF

(deg ) FLIGHT

PATH

1 180 18/g-36 330 1285’
2 360 16/g-36 330 1240
3 180 18/g-36 330 ouse
k 160 18/g-36 330 1105
5 360 18/g-36 31 925!
6 0a5 360 700
7 --- 0-5 3o oo
8 - 0-8 1680 675"
5 - 0-2 360  12k0°
10 -—- 0-2 360  1015°
11 — 0-2 30 12ho!
12 - Wind steadying 195!

towerd 10 with
guets to 19
13 180 0-5 225 1305
1 180 05 27 5 1260"
15 160 0-5 225 1215*
AVERAGE

DIS'I‘iNCE M7IMUM DIS'I‘JBANCE
TOUCHED  ATITTUDE ©OL 7
DOWN BEFORE
BEFORE ACTUAL
TOUCHDOHN TOUCHDIWN
PANEL
o’ 2%00" 450"
o 00" 180
o! 930" ns*
or 4%00¢ 90’
o 530" 0"
o' 4930 To!
asr 250" 45
o' 5%0" 50t
o 1150’ TO!
o 3%0! 135°
o 830! L5
25! 6°30" 70!
ot 2%a0! 90°
o 2%0¢ 251
25° 2% b
05! %301 105"

9
MINIMUM
ATTITUDE

-2Poo!
ET L
4001

000"
-1030'
-2%o0"
-3%o?
-2%01
_003°|
-3%0

0°30¢

1%0*

-3%30!
-6%0"
-5%30"
~2%301

10
DISTANCE
coL
BEFORE
ACTUAL
TOUCHEOWN
925
855*
6751
oo*
655!
610"

1801
1060"
585!
6501

1n
AVERAGE
ATTITUDE

P30
-1%00"
-1%0+

2%

1%0+

0%301
-0%301

oP30"

2%o01
-0°%301

2%¢0:

20300

19300
-2%301
~3%o0!

0%o»

12
AVERAGE
FLIGHT

PATH

_J_uo_—.’o.
-19%00"
-1_1030'
-12°p0!
-13 00"
-15°30"
-22001
-15%30"
-10%30"
~12%01
-13°%30"
']—1030'

=13%0"
-12%30"
-18%0!
-14%0*

13
MAXTIMUM
SIGHT
ANGLE

23°30
19%300
14%30
21%001
47730
26%001
28%o0r
41%01
829300
23%:01
90901
179301

90°%0°
90%0!
19%301
32%0r

14

DISTANCE
COL 13
BEFORE
ACTUAL

TOUCHADOWN

bs!
25"
a5’
L5t
25!

L3o*

251
a5t
655"
185!

15 16
MINIMUM DISTANCE
SIGET  COL 15
ANGLE  BEFQOHRE

ACTUAL

TOUCHDOWN

13%0*  g25t
L9300 uge
6’3" 675!
12%0'  goo!
130" 655
13%00" 360"
2%0 360
13%0' 2501
109301 8101
8% 2501
15%0* 1035
11%0'  115°
10%o0'  1080°
7%0"  1080"
10°30' Tor
u;o 580

17

AVERADE

SIGHT
ANGLE

16”301
147300

9°%30°
16%00
18%01
15%0*
24%301
17%00+
157301
11%o0!
20%0"

1450



H-13 STEEF AFPROACH TO A PANEL

1 2 3

b ]

FLIGHT HEADING WIND LENGTH
HO (deg Y VELQCITY FROM  OF

1 .- =5

n
1
]
T

0-5

--- 0-2

o = (=S ] £ W
1
1
1
[=]
1
n

{deg ) FLIGHT
PATH

360 11700
360 925"
360 8101
360 ThS!
0 11700
360 1015¢
360 1035¢

Wind pteedying toward 1150'
10 vith gusts to 19

9 180 1lg-12

10 180 0-5

n 160 0-5

12 180 0-5

13 180 0-5
AVERAGE

2hT7 5 12601
180 1260°
a7 5 700"
225 125"

225 1g5!

6 7 8 9 10
DISTANCE MARTMUM DISTANCE MINIMUM  DISTANCE
TOUCHED  ATTITUDE  COL. 7 ATTTNUDE  COL 9

DOWN EEFORE HEFORE
BEFORE ACTUAL ACTUAL
TOUCHDOWN TOUCHDCWN TOUCEDOWN

« PANEL

o1 500+ T0! -3%01 1080!

o 7°30 0" -2%300 7651

or 4000+ L5t -3°00" 501

o 2%0¢ el -2°001 6551

ot % L5 -3, 675"

o 6%00" 451 0 001 5851

o! 5001 107 00301 Ligge

or 3000| T0! 1030- 2251

o 2%¢0’ 720! 59301 1pBo!

o L 251 4300 700"

o 09307 251 -5%0¢ 61a"

29! 1901 4o! _uooot L7514

T o%o0! 2501 ~60001 9451
100 39301 120" -3%001 675"

1

1n
AVERAGE
ATITUNE

<0731
0%0!
-0%301
0%0!
0%001
2°301
2930
2%o01
-2%30¢
-3%001
=29301

-2%3a0

%

12
AVERAGE
FLICGHT

PATH

~14%00"
-14030¢
-23%00"
-20°30°
-17%301
26001
=16P30¢

-14%p0¢

-168%301
-15%301
-17700"
-19%30"
~18%00"

-17%0!

MAXTMUM DISTARCE MINIMUM DISTANCE
SIGET OOL 15
ANGLE BEFCRE
ACTUAL
TOUCHDCWN

13 14
|ICHT COL 13
ANGLE BEFCRE

ACTUAL
TOUCHDOWN
33%0" 25t
21930 0t
32%00° LSt
30900 L5e
87001 259
o301 251
329301 70!
1°%3p° b5
89%0* 25!
90°00" a5
90%00" 251
1P s65
20%30° 250!
so%a¢ g5

15

13000"
12%0!
2°301
19%3p¢
16°30"
18930"
19%00"
16%30°

16°00"
12%30¢
13°30°
1203p"

6%00"

15%0"

16

1080
925!
450!
655"
160"
970!
585!

2035

12ko!
1240!
610"
45!
k51
695"

17
AVERAGE
SIGHT
ANGLE

18°30!
15%0!
24030 ]
24%001
a()ao ]
24°301
21%300
19%00!

29%0*

21%301
1€%0!
16730
210!



H-13 AUTOROTATION TO A TOUCHDOWN

1 2 3 L 5
FLIGET HEADING WIND LENGTH
N0  (deg ) VELOCITY FROM  OF

(deg ) FLIGHT

PATH

1 L-360 18/g-36 330 gu5!
2 L-360 168/g-36 330 12kor
3 L-360 18/g-36 330  1035!
oo 0-5 ¥k 107
5 __. 0-5 60 520!
6 ... 0-5 360 12400
7T - 0-2 360  1080'
a8 ___ 0-2 360 11250
9 ___ 10-12  2k7T 5 925°
10 - 0-5 180 990"

AVERAGE

6

DISTANCE  MAXIMUM
TOUCHED ATTITULE

DOWN

HEFORE
TOUCHDOWN
PANEL

o'
a5
ot
251
ot
ot
70"
701
o'
ot

20'

7

8

DLSTANCE
coL 7
BEFORE
ACTUAL

TOUCHDOWN

180¢
7901
2051
To!
b5
1601
160"
k5!
90!
25!
180

L2

9
MINIMUM
ATTITULE

- 3%30°

-12°3p°

10

DISTANCE
COL 9
BCFORE
ACTUAL

TOUCHDOWE

360"
125"
610"
675"
180r
250"
Lsgr
970!
9251
835!
630"

1n
AVERAGE
ATTITUDE

09301
-1%00"
0%30"
1%0!
0%0"

-1%0!

~4%a0"

-1%¢0!

12
AVERAGE
FLIGHT

FATH

13 1k
MAXIMUM DISTANCE
SIGHT CcoL 13
ANGLE  EEFORE

ACTUAL
TOUCHDOWN
88°pa! 25!
27%00" 675"
17°00t 590"
220001 3hor
90%00" 251
27%0" Y
23%0° 900"
1% 5By
89030 ] 251
90%0! 250
49%0" 3651

15
MINTMUIM
SIGHT
ANGLE

39001
14930
2%301
129001
209301
00"
5930°
T30
14%0-°
11930

10°%00"

16

DISTANCE
COL 15
BEFORE
ACTUAL

TOUCHDOWN

1o’
12154
135!
115'
70!
1s5*
45
ag!
925!
f10*

352

17
AVERAGE
STGHT
ANGLE

18930’
23%00

11000!
18%00!
27%30"
18%30¢
182304
13%0
200
19°00!

18%30!



H-13 NORMAL TAKEOFF

1 2 3 LS 5
FLIGHT HEADING WIND LENGTH
NO. (deg.) VELOCITY FROM  OF

(deg.) FLIGHT
PATE
1 R-180 18/g-36 330  1305'
2 R-180 8/g-18 330 1215"
3 R-180 1305
4 R-180 80/g-28 330 1125
5 --- 0=5 360  1260'
& _— 0-5 360 B8O
7 - 0-8 180 675"
8 - 0-2 360 1080¢
9 - 0-2 360  1195'
10 S 0-2 360 1285
1 —_— 0-2 360 1260"
12 - 0=-2 360  1195!
13 Wind steedy 10 195"
with gusts to 19
AVERAGE 1150t

6

MAXTMUM
ATTITUDE

30001
0%30r
0%30"
2%00°"

-3°30°
-2%0!
-8%00!
-6°001
_-T°30!

h3

DIS;ANCE MIN?MUM
COL. 6 ATTITUDE
AFTER
TAKEOFF
1305¢  -12°30!
4051 - 14%001
bose - 8°0!
10601 - [I_Om 1
45 -10%0°
150 -12%30°
615"  ~13°%0!
160" -12°30°
2ror  -12%30
hsr  -1hO30°
1215¢ - 9730
1105' -12%30°
125" -10°30"
625" -10°30°

9

DISTANCE AVERAGE
COL. 8 NOSE-UP
ATTITUDE

AFTER
TAXEOFF

k51

ks

30!
295"
105!
405"
225"
810"
115!
540"

70"
180"
4301

10

200!
0301
09301
1°00!

1°00"

11
AVERAGE
NOSE~DOWN

ATTITUDE

3%30°
- 20001

- 29301
- 29301
- 7°30°
- 9%o0"
-11%o0"
- 9%o0!
- 9%0"
-10%00°
- 5%0"
- 6°30!
- 7%00"

- 6030

12
AVERAGE
FLIGHT

PATH
790"
4030
6000
7%00!
7°30"
8°00"
3%00"

9%00*

7°30!
10%30°
16°30"

].1030'



1 2
FLIGHT HEADING
§O. (deg.)
1 285
2 285
3 285
1 285
5 285
6 285
7 2685
8 245
9 285
10 285
11 285
12 285
13 285
AVERAGE

H=21 NORMAL TAKEOFF

3

L

WIND

VELOCITY FROM  OF

(deg.) FLIGHT

PATH

15-20 mph 275 700!
15-20 mph 275 585!
15-20 mph 275 810!
15-20 mph 275  565'
15-20 mph 275 k75!
15-20 mph 275 540°
5-10 mph 275 630"
5-10 mph 275 765"
5-10 mph 275 700!
5-10 mph 275  Th5!
5-10 mph 275 675!
5-10 mph 275 765!
5-10 mph 275 T65'

p)

6

LENGTH MAXIMUM

ATTITUDE

Lo301e
4%00"
8°30°7
4%00*
1%00!
1%001
4900
10°30¢

2%00"

Ll

7

DISTANCE MINIMUM
COL. 6 ATTITUDE

AFTER
TAKEOFF

610"
430"
115°
ot
4301
520"
45!
70!
675"
o
o
ot
o

2801

8

-2000"
-3%00"

0°00"

o%00!
-3900"
-3%301
-1%0*
-3%01
-3%0!
-3%o0"
29301
-1°30¢
-0%301
-2°%00°

9

10

DISTANCE AVERAGE

coL. 8
TAKEOFF
315"
160°
k75"
2700
b5
205"
295
385
430°
kos*
k5"
205"
205"

35!

NOSE-UP

%300
3°00!
3030
2%00!
1%00"
1°00!
2%00"
K301
0®30!
29301
2030°
100"
19001

2000

n
AVERAGE

12
AVERAGE

NOSE-DOWN FLIGHT
AFTER ATTITUCE ATTITUDE

-1°00!
-1°30°
None

Neone

-1°30"
-2%0!
~0%30"
-1°30°
-1%30°"
-1930°
_10301
_0030I
-0°30"

-1930"

PATH

49301
3930
1°930!
19501
1%00"
200"
1%30°
1%001
lO 307
2%01
2%001
2%00!
2000
200!



1

FLIGHT HEADING
{deg.)

NO

W@ 1 W FWw

10

12

13

AVERAGE

2

285
285
285
285
285
285
285
285
285
285
285
285
285

H-21 AUTOROTATION LANDING TO TOUCHDOWN

3

WIND

L

VELOCITY FROM
(deg } FLIGHT
PATH

15-20 mph
15-20 mph
15=20 mph
15-20 mph
5-10 mph
5-10 mph
5-10 mph
5-10 mph
5-10 mgh
5~10 mph
5-10 mph
5-10 mph

5=10 mph

275
275
215
275
275
275
275
275
275
275
275
275
275

5
LENGTH
oF

13501
12151
1z15+
1150°
1305
1305¢
12hQ"
1105*
1170
115!
1nsor
1195

195

6

DISTANCE  MAXIMUM
TOUCHED ATTITUDE

DOWN

EEFORE
TQUCHDOWN

PANEL
ug!
45!
a5t
25!
Q!

ol

Lyr

1

20%0!
23%30°
20%01
24%0!
140301

18%001

21900
23%301
21%30°*
28%0"
229301

22%300

8
DISTANCE
coL 7
BEFORE
ACTUAL
TOUCHDOWN
20 ]
90 [}
45"
15!
Eel

675"

Ls

MINTMUM
ATTITUDE

11°307
112001
70301
11°30°
9°30r
30!
50001

1%o0"

2000
4%0!
69301
8%300
7°00"

10
DISTANCE
coL 9
EEFORE
ACTUAL
TOUCHDOWN
12401

L5oe
11701
10151
128510

970"
1150!

Toar

1060"
1035*
5201
g101

920!

11
AVERAGE
ATTITUDE

17°30!
15%30°
13°30"
14°00!
169301
14730
13%30

8°30¢

930"

3°30"
13%301
11%0°"
13°30!
13%00!

12
AVERAGE
FLIGET

PATH

-1k%30!
-137300
-1L°30"
-17%0!
- 9%01
-14%300
-10°00!
-22%39¢
-15%30"
-20%30"
160!
-14%00"
-11%0"

-15%0"

13 14 15 16
MAXTMUM DISTANCE MINIMUM DISTANCE
SIGHT  COL 13 SIGHT  COL 15
ANGIE  EEFORE ANGLE  PEFORE

ACTUAL ACTUAL

TOUCHDOWN TOUCHDOWN
469300 20! 250301 12851
35%00" or 25900 450"
582301 o 21%301 Bag!
40%0" 0* 2HP300 1038
73%00" 4s* 20%o0r 1215
50%00" o 24%0" 970"
27°%00" N 149001 1150°
90007 o! 24%001 700"
549301 901 2L%00" 1080"
14%0¢ 20! 22%0'  1060!
38%0" L5t 18%0' 1035
39%o0* b5t 18301 5201
33°30" 20" 17930 hg51
51°30°" 251 21%30° 930"

17
AVERACGE
SIGHT
ANGLE

37%00"
29%0:
27%00!
32°301
31%3a!
37%0"
21001
35%30¢
2n%30
28%01
26000
23°00°
22%0)

297301



1 2
FLIGET HEADING
NO (deg )
1 285
-] 295
3 285
L 285
5 285
6 283
T 2685
8 285

AVERAGE
1 285
2 285
3 265
i 285
5 285
6 285
T 265
8 285
9 245
10 285
n 285

AVERAGE

B-Z1 NORMAL. LANDING TO A PANEL

6

BISTANCE  MAXTMUM
TQUCHED ATITTUDE

DOWN
BEFORE
TOUUHDOWN

PANEL

Lot

25

25!

251

70!

or

ot

o

2ht

T

220301
17000"
19000"
229001
20%01
19°%30!
23%30r
17%0"

20%00

STEEP APFRQACH TO A PANEL

3 ) 3

VELOCITY FROH_OF
(deg ) FLIGHT

PATH

15-25 mph 275 1285'
15-25 mph 275  1260"
15-25 mph 275  1285°
5-10 mph 275 1215!
5-10 mph 275  1150!
5=10 mph 275 1195'
5-10 mph 273 925"
5-10 mp 277  1305'

H-21

10-15 mph 275 970"
10-15 mph 275 1285’
10-15 mph 275 1260'
10-15 mph 275 1305°
5-10 pph 275  1260'
5-10 mph 275  12L0'
5-10 mph 275 12LO!
5-10 mph 275 970!
5-10 mph 2753 170!
5-10 mph 275 1305’
5-10 mph 275  1305"

b5t
o!
25¢
ot
25!
Ol
251
0'
[\
o'
ot

nl

159300
20°30
16°30¢
18%0»
21300
22%01
16001
170"
17%0"
20%a
150!
189001

8
DISTANCE
coL T
HEFORE
ACTUAL
TOUCHEDOWN

ar

ot

135"
325"

L6

9
MINTMUM
ATTITUDE

9%0"

6%00"
13%00"
30
go3or
%00"
8°3g¢
830

11%0
11°00°
9930’
900’
10%001
1°p:
10%o01
5730
5%%0¢

10
DISTANCE
coL 9
BEFORE
ACTUAL

"TOUCHDOWN
1635'
1190°
1260°
1010
1nas!

1o

1100

nast

gl
shot
1037
13h0t
1080°"

150
8557
1125¢

1010°

1020

1
AVERAGE
ATTITUDE

13030|
12030"
120301
15930°
13%00!
13%o0"*

14001

1300

13%30°
149300
13%30°
13%0"
14°%00¢
157300
13%0"
11%01
10%0¢
12%0°*
12900°"
1390

1z
AVERAGE
FLIGHT
PATH

- 8%0!
- gopa!
- 900"
- %30
- 700!
- 7°00"
=11%00!
-11°30¢
- B

-13°30
-15%00*
-13%0"
12900
-14°30°
-12%0"
- 9%0!
160"
-15%30!
~17%01
-16°30
-14%301

13 14
MAXTMUM DISTANCE
SIGAT COL 13
ANGLE  HEFORE

ACTUAL
TOUCHDOWN
460301 o!
700001 Q!
57730 o'
90%0! Qr
32%00" 70!
86%00" 20+
70°30° 20!
90°00! ot
68%001 15
37%0" 90!
g0%oa* o!
519301 o
90%00 o
39%0° y5
90%0" o
19%30° o
90%aq" o
830" o
67%0" 20"
90°00" o*
To%30! 15!

15
MINIMUM
SIGHT
ANGLE

17°30"
16030'
13°00*
22%00"
14°30¢
169301
19°30!
20°30"

18%0"

25930"
27%0!
23%0!
21%00"
259301
27%0"
15%30*
22%01
26730
28%¢¢
28%0!
25%0!

16

LISTANCE
COL 15
EEFORE
ACTUAL

TOUCHDOWN

10807
1190"
1220"
1010*
11251
170!

300"
1100

gl5e
20!
1035>"
12400
1125
sE5!
1170
g55¢
1125
1010"
900"
960!

17
AVERAGE
SICGHT
ANGLE

2493
23900"
23%0-"
29900
21730
26%00°"
31%¢a"
28°30

25%30"

320%00°
33%0"
28%0°
30%0!
30000'
. 30
26%0"
33%3°
35°30°
330"
35%30"
32%a0!



1 2
FLICHT HEADING
WO (deg )
1 180
r2 180
3 180
Iy 160
5 180
6 %0
T 180
8 180
9 180
10 160
n 180
12 180
i3 180
20 1%
15 180
16 180
17 180
18 180
19 180
20 180
2 18a
AVERAGE

E-3% STEEP APPROACH TO A EANEL

3 L
WIND

VELOCITY FROM

5
LENGTI!
OF
FLIGHT
PATH

1125’
125!
1150"
150!
11951
1125'
1150!
150!
1015¢
1015'
1170°

1195!

6
DISTANCE
TOUCHED

TOWN
EEFORE
TOUCHDOWN

PANET,

90!

135t
115!
70!

0!

115!
9%
2057
90t
us
70!
u5*
901
b5
251
25¢
(c
L5
205"
L5t
g5’

7
MAXTMUM
ATTTTUDE

9%30!
16°%00"
11930°
1%
1383
11907

950!
129901
1%%aa*
15%300
11%0!
12°%00°

10%30

s}
DISTANCE
coL 7
BEFORE
ACTUAL
TOUCHDOWN
1151
135!
1151
b5
gt
ag5e

855¢
205+

251
1601
1601
o
a5

1600

go1
9001
2251
715!
2501

&7

9
MINIMUM
ATTITUTE

h030|
6200"
5°30¢
430’
30
6%30°
7700
4930
5%30"
éo00
&°30"
L%00!
ko300
P30’
4%
2030°
19001
8°0p!
6°30"
40301
69301
530"

10
DISTANCE
CaL 9
EEFORE
ACTUAL
TOUCHDOWN
Too!
T201
9901
X751
Th5t

250
810t
11251
990
8551
Lo

b5
70!
1035°
1125
9251
00t
90"
1501

2951

1n
AVERAGE
ATTITUTE

00!

9%30'

9%301

9%o0"

12
AVERAGE
FLIGHT

PATI

-11%0"
- %0
- 8%0!
-1L%0!
- T30
-1g%0"
- 7730
-13°00"
- 990!
-12°00"
-12°30!
-13°30'
- BOog!
~17930°
-1g°a0*
-18030"
=19°00"
- 5%0"*
-14°30°
~10°%c0*
11930

-11%30r

13
MATTMIM
SIGET
MIGLE

19%00"
22930!
17%30!
22%0"
25%01

16%o01
26°00!
19°30!

21°00!
23030
19°30
2330+
25%301

28°%301
21%301
26°10!
18%30¢0
25%30
23%30!

DXS%:MCE
COL 13
BEFORE
ACTUAL

TQUCHDOWN

225!
135°
135!
205°
25t
260"
Log!
Bs5!
205"
501
900"
k0"
160"
hos!
250
o

0’

DI
835!
251

hap!

15

MENTUM

SIGHT
ANGLE

14%301
11030 1
120301
17700
1530
26%300
13930¢
179001
1400
18%001
17%001
16730
13%30+
169001
149001
21901
ko0
179001
21%0!
11°30!
169301
167001

16

TISTANCE
COL 15
BEFORE
ACTUAL

TOUCHDOWN

675!
720
390!
1125

ouss
810
11251
99Qr
8551
430°
251
8551
700
235!
1125¢
2701
00"
5651
4501
430
71514

17
AVERMGE
SIGHT
ANGLE

16%30!
15°30
15°30°
19%30°
18%30!
19%0:
1lko3or
22%;0!
179%0!
220000
19%00°
20%30¢
16%0"
20%30"
17°30"
28°30"
26RO
15°%00"
23030!
15930
20°%00°
19730



L8

H-34 LANDING OVER 60-FOOT TREES WITHIN 250 FEET OF THESE TREES

1 2 3 In 5 6 T 8
FLIGHT EHEADING WIND MAXIMUM MINIMUM AVERAGE  AVERAGE
MO VELCCITY FROM ATTITUDE ATTITUDE ATTITUDE FLIGHT

PATH
1 Communications failed 11°30' 30300 Ho0! 1L4°00*
2 otrerare ™ oy 30 209%0 1290
3 11°30'  L4%o: 700! 14930r
b 13%0'  8%0'  10%0' 129300
5 12030 P 700! 1430
6 13°30'  H%o' 11%0' 1k%o0!
7 10°001 2030" 200" 13%0!
8 11900' 6030" 8900 10°30°!
9 10°00! &%0! 8%0 13°00°
10 10°30'  6°30! 00! 9%0!
1 1400 29%0! g%o0'  10%0"
12 10930" 6°00" 9°00" 14%00"
13 11%0'  4°30¢ 7°30' 10930
14 13°30*  5%o! 9%30'  13%0!
15 9%0¢ O30 g3 13%0°
16 %0t 2%00! 5%c' 1190
17 1%0' 70 9%o0* 1290
1y 100 6%0 T°30'  11°30"
19 10°30" 393! 6°3%'  15%0"
20 120301 §O30'  10930' 16030
21 12%0'  7%c0! w00t 13%30
22 930t 5%30 730" 130
23 10%0'  6°30° g% 12300
2l 10°3% P %ot 12%0
25 13°00'  9%o0' 11%0' 120!
2% 10030 6930 u”300  13%o0!
AVERAGE 1030 6%o0r s°30'  13%00!

9
SIGHT

26°00"
27%0"
26°30"
25930
21°30"
27°%00"
24%q!
23%30"
24030
35030
58°001
549001
360 30 ]
50°00"

27%30"

61%00"
52°301
22°%00!
45°30"
249301
25%0!
25230
as030!
90°%00"
26%30!
37°00"

10
MINIMUM
SIGHT
ANGLE
16030"
14°30"
17930"
19930°"
17°30"
21930
14°30!
17°%30"
19%30"
149301
18%00!
220001
1°30°
209301
210"
14°00"
23°30
21%30
15%301
26°30"
20%30!
19°00"
20°30!
22000
242301
19°30*

19°30°

1
AVERAGE
SIGHT
ANGLE

21%0"

21%0"

22%301

201
200"
19°30°
21930+
23030?
340301
320301
23%0!
29°30"
2400+
17930
31°%30¢
27930!
1%y
35000 '
21°30"
229301
23%00"
130"
39900

25%G!



bg

H=-34 AUTOROTATION TO A PANEL

1 a 3 L 5 [ 7 8 9 10 11 12 13 1h 15 16 17
FLIGHT HEADING WIND LENGTH DISTANCE MAXIMUM DISTANCE MINIMUM DISTANCE AVERAGE AVERAGE MAXTMUM DISTANCE MINIMUM DISTANCE  AVERACE
NO  {(deg ) VELCCITY FROM OF TOUCHEDDOWM ATTITUDE COL 7 ATTITUDE COL 9  ATTITUDE FLIGHT  SIGHT  COL 13 SIGET  COL 15 SIGHT

FLIGHT EHEFORE BEFORE BEFORE PATH ANGLE  BEFORE ANGLE  BEFORE ANGLE

PATH  TOUCHDOWN ACTUAL ACTUAL ACTUAL ACTUAL

PANEL TOUCHDOWN TOUCHDOWN TOUCEDOWN TOUCHDCHN
1 180 0 -- nro 90" 16%30r 1150° £%0! 3400 11%g  -14%o0r 30%30¢ 990t 20°00! 70! 259300
2 180 o o l2hoe or 23%p" 270" 3 001 11707 100" - P30 50”30t 251 1P 1700 21 00t
3 1% 0 .. 1lms 25t 1730 g0t 57300 950 10°%' -1 55730 o0 130 1080 2 30r
b 180 0 o 15t 13y 19000 kst P30 b5t 10 120 26%0r g9 130 180 2300
[a]

5 180 o - 1215! y51 16%0! 25! &30 ghgt 1n%o0r -3 45030 ot 16030' ghgr 22 30¢
6 180 a - 12601 or 15%00" 1015! o001 225" ’(030' -15°300 3830 Lt 16" 30 12315° 26700
7 180 0 __ 103" 225 18%301 b5 12301 g10° 9°0' - 03"  24°o0t b§* 10030 655 14030
8 180 o .. 11700 70 19%00? 1080! oot L30 1”0 -17%0r 3o 90! 25%q1 Lagr 19301
9 160 o . 11954 701 22°00" o' o0t 5201 1%o0' - P30 scfoor or 1P30° 520" 18°301
10 180 0 .. 1195t o 18%001 90 19300 11951 Pt -1 25%0 %! o3 970t 19930
11 180 o . 10801 180! 150301 25 3°3ol 855| g)sol - ?000' 26%001 251 10700 855| 16000|

AVERAGE 85 18”301 3607 %301 Th5! w3 -ngor 300 2851 10! 00" 220908



1 2
FLIGHT HEADING
NO (deg }
1 180
2 180
3 180
4 180
5 1680
6 180
T 180
8 180
9 180
10 180
11 180
12 180
13 180
1h 1680
15 180
16 180
17 1680
16 180
19 180
20 180
21 180
AVERAGE

H-34 NORMAL LANDING TO A PANEL

3 L
WIND

VELOCITY FROM

5
LENGTH
OF
FLIGHT
PATH
11504
1195°
10151
1150!
170"
1035'
1105¢
10801
1150
990!
1125
1150°
10801

10601
11051
150!
11701
11701
12151

1015¢

[
DISTANCE
TOUCHED

DOWN BEFORE
TOUCHDOWH
PANEL
90!
70!
135!
0!

Lt

205°
gt
L5t
hsgr
90!
g
205"

08¢

T
MAXIMUM

ATTITUDE

12%q"
13%0"
15930"
12%0!
15%00"
13000"
14Pag!
11%0!
13°00°*
169001
13%0"
11030|
14200

8%01
10°30"
10”300
11930'
10° 307
1°30!
16°00!

8%+
12°30°

DIS'%ANCE
COL 7
BEFORE
ACTUAL

TOUCHDOWN

90!
160!
1601
135
135!
2251

251
160"
a5t
205"
2501
250¢
1s*
ns
1350

115!

170"

50

2
MINIMUM
ATTITUDE

5%30°
5°30°
80001
5930"
590!

10
DISTANCE
COL 9
EEFORE
ACTUAL
TOUCHDOWN

451
1080"

11
AVERAGE
ATTITUDE

8%0!
9000!
11°00"
8%0¢
9%0*
10%30*
10%0!
9%0*
6°00"
11930°*
9930"

&30

12
AVERAGE
FLIGHT

PATH

- 3330r
- %30
- Lo30r
- 6°30*

- 4%ac"
- 6900
- 5%¢0!
- 5931
- KO30

- 730"
-12%300
~12°%30¢
- 4o
- gP0pe
-10%0*
- oot

13 i
MAXTMUM DISTANCE
SIGET  COL 13
ANGLE  BEFORE

ACTUAL,

TOUCHDOWN
28930 ag!
22%¢0! 160!

Not Avalleble

189301
25901
17°30!
21700!
113"
19930*
20%300
21°00°
20%0°
18%00°
16%00°
14°501
36°30"
220300
22930"
19°%30°
£9°00"
14001

21%0!

135!
135!
gagt
25!
To!
250!
1601
250!
270"
160!
b
135!
251
g0*
2051
o
1801
925!
215!

15 16
MINIMUM DISTANCE
SIGHT coL 15
ANGLE  BEFORE

ACTUAL

TOUCEDOWN
10730! 5651
12%0! 990"

Not Availlable

6%00!
120301
129!
12%0!
11900

9°%30!
1h030|
14%00!
10%0!
13%00!
12%30

aP30
15%30°
17%00"
16°00°

&%00*
142001

730
12730

ast
9251
1015*
970!
10601
1105'
5401
1060"
1060°!
1105°
1060"
kst
3uor
83s»
1150
1080!
1150°

15

17
AVERAGE
SIGHT
ANGLE

13°00"

16%0

14%301
18%0°"
15%0"
16%0!
142301
14230"
16900°
17°30"
16°30°
15%0!
14%0!
10%30
13930’
19%00"
199301
13730
19°30"
12%30"
159300



51

H-34 NORMAL TAKEOFF

1 2 3 b 5 6 7 a4 9 10 1 12
FLIGHT HEADING WIND LENGTH MAXIMUM  DISTANCE MINIMUN  DISTANCE AVERAGE  AVERAGE  AVERAGE
N0  (deg ) VELOCITY FROM OF  ATTITUDE COL 6 ATIITUDE COL B NOSE-UP  NOSE-DOWN FLIGHT

FLIGHT AFTER AFTER  ATTITUDE ATTTIUDE PATH

PATH TAKEOFF TAKEOFF
1 360 0 - 1260 5%00! 124ot - ¥Poo' 115 1%00" - w3 oo
2 360 0 o 160t 4o 185! - 93¢ Toor 19301 - D301 KOy
3 360 o - 12601 &0 301 12400 - 9Poor 45 IRGNE - 300 oo
b 360 o .- 1260" 5000 1240 - Bo0' 0! =300 - 200" 600
5 360 0 - 1260'  OPOO! 1105 - %300 2o None - P30 P
6 360 o - 1260*  1°00! f551 - 99300 115 301 - P Py
7 30 0 -- 120" 0P0! 1015 - 9o None - 2300 oo
8 360 0 - 120" P 1125" - 6300 25 o°oor - Foor 300
9 380 0 - 1215' oo o' -8 o None - P30 P
10 3% ¢ o -~ 1305'  QPoo! 610" -1c00r 25 Nene - Poor Wy
11 360 0 - 1260 10 7451 -16%300 115 3%00" -11%0' %30
12 36 0 - 1260' 090" k51 - oo 0 None - 3300 %0
13 360 0 - 60t 1930 700" -13°300 1350 1°%0' - 5300 €730
14 360 0 .- 1z 190! 13125¢ -1 ns 180" - 5%0'  &%o’
15 360 0 --  1195* 1% 8551 ~11%0' 160! 1°00" - 6%0"  8%o!
6 360 0 .- 1260 4% 1logor - °3' a5t 23 - 6%0r 630
18 360 Q --= 790"  -2030! 5404 ~ Go00r  180° None - 5900'  7O00QY
19 360 o --  12kot 130" 970! ~10%30! 70! o®30° - 230" 5%’
20 360 0 -~ 1260'  0P0Q! 25 ~15930¢ 115 None - 90" 7%00!
2 360 o -- 12600 1% 925! -16°30' 90 193" - 6%300  6%o
2 360 o -~ 12600 1930 810" 13037 270 None - 530 5%0°

.
AVERAGE 1%301 800" -109%0'  1u5! 2%0! - 49300 5730

NOTE WHERE NO INFORMATION IS GIVEN IN COLUMNS 2, 3, AND L4, COMMUNICATIONS FAILURE EETWEEN THE
# FATRCHILD QPERATOR AND FILOT OF THE ATRCRAFT CONCERNMED QCCURRED
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U. S. DEBARTMENT OF COIILRCE
CIVIL AERONAUTICS ADMINISTRATION
Technical Development Center
P, 0. Box 5767
Indiangpolia, Indiana

PILOT QUESTICNNATRE
Ol
COCEPIT VISIBILITY IN HULICOPIERS
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The CAA Technical Develorment Center 1s conducting a project to
determine the cockpat visibility reguirements for helicopters. The ulti-
mate obgective of the progect is to establish stondards of cockpit visa-
P1lity which will be consistent with adeqguate cperating safety.

The present phese of the program calls for the determination of
helicopter cperating characteristics during certaln maneuvers, particularly
landings and takeofls, and tae visibility requirements necessary for the
safe and satisfactory accomplishment of thasc maneuvers.

Cockpit visibility reguirements are dircetly related to the field
of vision required to perform various mansuvers. This field of visian 15
being 1nvestigated not only to determine how it affects the limits of the
windshicld but also to determine how much obstruction 1s acceptable within
the windshield area,

Same helicopters have excellent visibilaty. As the hellicopter 18
developed ond edapted to a wide range of uses, instruments will be added and
structural requirements increased, Both of thege requirements will tend to
reduce visibility. In some instances this i1s already a fact.

Since the best Judsmes of the cockpit visibility needed for safe
flight are the pilots themgelves, we cre essking you to supply us with the
necessary besic¢ information from which an anselysis can be made. Such an
analysis wi1ll permit a quentitative evaluation of the present designs and the
establishment of gquantitative stendards for future designs,

The success of this cockpit visability study 15 dependent upon
your returning this guestionnoire as soon as possible with all guestions
answWered. TYour response will be stractly confidentizl and will be used only
for analyticzl purposes by the CAA, No one ¢lse is suthorized to see your
angwers or to us¢ the informetion for any other purpose,

Name

1. Height

2. a. How many years have you been flying aircraft®

b. How many total hours do you have in aircraft?

¢. How many hours do you have in helicopters?




3. a, In what model helicopter are you now doing mest or all of your
Ilying”

b. How mauy hours do you have in this helicopter?

¢. Eow mzny hours flying tame in this helicopter do you now get
per month?

:[?'
o)
.

Do you consider 1t necessary, from an over-all safety standpoint,
to be ~ble to see any external portion of the aireraft from the
cockrit® TYes o

b. If vou answered "Yes" to pert a, check thc boxes below indiceting
the portions of the helicopter which you feel must be geen and
the smount of hzad ond body movement which you feel 18 permissible
in each case.

Moderate Heod & Fye Movement Moderate Head &  Maximum Pcrmissible
Bedy Movement Movenment with Seat
Belt Fastened

Skids

or r__i I-_l r_ |

TTheels

Moin Rotor —_ _— —
I
T1ips ! i | ! g

Other
(Specify)

5. Place a check riark in one of the boxes below indicating the partacular
mneneuver for which you feel maximunm vigibility from the cockpit i1s most

urgently required. Do not consider limited wvisibility due to atmospherac
conditiong.,.

[ 1
—1 1, Takeoff run
2. Normal (straight} c¢limb

Londang (including hovering in ground effcct)

HRERN

F

Autorotation - glade
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r 5, Autorotation - landing
,:1 6. Maximum performance takeoff
]—-j T. Landing in a confined area

—
L__j 8. Hovering for rescue purpofes or szmilar ground
operations.

Two charts to be used for estimating the obstruction to vision at
different lateral directicns of sight which you feel 18 permissible

for safe operaticn of the acrcraft during all meneuvers are shown
below. One chart provides for the pilot seated 1n the left seat,

the other chart provides for the pilot in ihe right seat, These

charts are provided with radial lines enitting every 30 degrees fronm
the indicated cockpit seat. Belween each radial line 18 a box 1n which
your evaluation of that region should be entered. Rating scalea to be
used for your evaluation follow

l. HNo cbatruct_on permassible.

2, Minor cobstructions permisaible, such as thin posts
(1-1/2" wide or smaller), etc,

3. More obstruction permissible, gsuch as wide posta
{greater than 1-1/2"), ete.



O _

-
PILOT SEATED RIGHT
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7. How clase to the helicopter (in feet) do you desire to see the ground
along each of the sight planea mdicated under the given conditicns.

a, When coming to a hover,
Distance A _Disgtance B Distance C Distance D

0. During landing at :nstant of touchdown:
Distance A Distance B _ Distance C Distance D

—

c. Other (specify) where such vision 18 critical
Distance A Distance B Dagtance C Distance D

Note: This 18 a plsn view of a helicopter. Distances are to be ground
(or horizontal) distences.

Note: If the helicopter you are considering has the normal pilot's ceat
on the left, consider dimension D as baing between A end B.
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8. TFor the model you have indicated n Question 5, please classify the
v1s1b1lity for the maneuvers and directions showm in the following table.
This classification should be made cn the basis of adequacy of windshield
area and angles of sight from the normal pilot seat in the cockpit. The
numbers of clagsifications to be used are:

1. Visibility excellent, no improvement desired.
2. Visibility adequate, some improverment desirable, but not mandatory.

3. WVisibil:ty not adequate, zmprovement strongly desired.

F1ll in every spzce 1n the teble below with The number you think classifies
the visaibility of this aircraft for each maneuver and d.rection indicated.

MANEUVER  VISIBILITY UPWARD  VISIBILITY DOWIWARD  VISIBILITY SIDEWARD
TO FRONT TO ¥RONT TO LEPT TO RIGHT

Takeoff run

Straight elimb

Cruising

Level turns

Final approach

Hovering

Landing

Autcrotation -

glide

Autorotation -
landing

Other (specify)

Mazximm perform-
ance takeoff

Landing 1n g
confined area
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Please indicate the external reference, or references, you utilize 1in
flying & helicopter during each of the moneuvers indicated below. (If
a portron of the cockpit 13 referenced to some extermal reference,
plezse 1indicate th.s fact.)

Cruising

Normal takeoff

Maximum performance takeoff

Normal approach

Steep approach

Touch down to a poant

Autorotation



