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SUBJECT: Principles of Cockpit Seating. 

SECTION: Aero Medical Laboratory 

Date: ?S February 1946 

SERIAL NO. TSEAA-695-58C 

A. Purpose: 

Contract No. 
Expenditure Order No . 695-49 
Purchase Order No. 

1. To present a study of seating requirements for the pilot position in all 
• type~ of military aircraft. , 

B. Factual Data: 

2. The subject study is one of a series committed to the determination of 
t,he fundamental seating and position requirements of---.!lying personnel in the various 
crew positions of military aircraft . The necessity for these studies becomes obvi
ous when the human being is regarded as that essential part of flying equipment 
which cannot be redesigned or modified in any way, despite the purpose, but is 
rather to be accommodated in every way where his comfort, efficiency, and safety 
demand. 

3o Reference is made to an earlier repor.t which is a study of the seating 
and positioning requirements of pilots of aircraft in which a stick-type control 
column is used, ATSC Memorandum Report No. TSEAL-3-695-58, dated 25, September 1945, 
subject: "Principles of Seating in Fighter Type Aircraftno The present report may 
be considered to be supplemental to this earlier study, for it covers the position 

... 
I 

l 
I 

requirements of pilots of aircraft having the wheel-type control, and summarizes ___ _ 
the results of both studies. 

4. Ninety-five bomber pilots were used as subjects in the experiments des
cribed belowo -Those men were chosen because of their experience with the wheel-

1 

type control. 03rtain anthropometric details concerning the subject bomber pilots 
are presented in Appendix I. 

5. The subject study was broken down into five separate experiments which 
are distinguished by that dimension measured between the level of the heel rest 
during normal flying attitudes and the horizontal line of vision. It is always 
desirable in scientific experiments to have one independent variable. This dimen
sion was selected to represent that variable for three notable reasons: first, 
because it is so easily controlled; secondly, because it is so fundamentally a 
determining factor in aircraft design, and, thirdly, because it has definite limits 
which depend upon the normal range of stature of flying personnel. Since it was 
learned during the study on fighter pilots that the limiting range of values for 
the heal-to-horizontal line of vision dimensions was 35 inches to 43 inches within 
current design practice, a range of values for this dimension at two inch intervals 
from 37 inches to 45 inches was chosen for the study on bomber pilots as being most 
commonly psed in bomber designso The shift in range by two inches was made because 
of ~he generally larger size of bomber pilots_. 
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6. The results of the ex:i:eriment s cond11ctnd on -rilot seat.j_ng .in <1:i.rcrc1.ft v;it,h 
whe(il cont.rd are presente • in Appendix II, \'I) th i, ge,wral surnrrrflr;r and &nalysis 
in !1pp.:nri.L. IIT.. 

7. An overall stlrlJlk'lr) ' of seating in the ~:ilot position o (• !'l.ili t.,,r :, ajr 
c:r:>.:~ t., bc.ltii "'heel f•.nr1 stick type, i::.. presented in /,r,pendi :x Tl ' . 

r. J. check list of ce1 tain critical seat and cockpit dinensions , ba sed 
on the reni.lts of stud:i.es on fir,hter ::mcl homl::er pUntn anct. on c•irrent advices 
f:rc;-1 ·'.lie Dc s :Ll;n Branch, Aircraft Laboratory, F.n p-ineerir:t Division, Ai:r Technical 
Ser- :co Co!'.lr.-.and, is p::-esentEd in /q .. 'pendix Tr. 

Conclusjons 

. 
96 The fundamental re(i1d.reinents of pilot t,eutin1; in utrcraft l1a·m been 

detP-rmined and have been found to be dependent npon cockpit level (v(!rtical 
fist.:1nce fro;;, horizontal line of vision to level of heel rest) and the tyrP 
of r:.anual c ontrol mechanism 11se·! (wheel or stick). ('omfort requirements have 
heen detennined to ue dependent upon the same factors and also upon seat 
:-.;.!1 ~,• lation, differential sup1 1ort of the bod:1 over the seat contour e.nc! the 
po',:,.tioning ot the rudi1er r-edals and control colUirln with respect to thf> seato 

lOo In or<ler that standardization 0f cockr,it and seat d;mrmsim1s fo1· any 
type of aircraft may be effected, i_t b necessary first t'lat the 111,~innmr 
allowable dimensional reqnirflment,s for equipnent worn under and in ba~k of the 
p:i lot l::e fixed., 

D. ~eccnn1e>ndations 

11. That the Aircraft Laboratory, Aircraft and Physical Re,1ui.r~!"'!ents Sub• · 
Division, J::ngi..neerinc Division, Air 'l'echnical Seni....:e Corll'·1..m.:-l, PstacJish criteria 
in the Handbook of Instructions for Air·craf1; Designers for vad ous acceptable 
cockpi t desi~ns based on thf'> fundamental var~.ahle of the vertical dj :.tance fro..: 
the hPel :r!"st to the ho::ri?ontuJ line of vision. 

~!ote:= Informc.tion contained in th"i s 
not mandatorv on any contro.ct 

,/} ·1 
Concurrence:. y..!J' { .... :·. 

J--:-W: HEH:1 
Technical A~sistant 

Djstr ibution: (.See Pap;e 3) 
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APPENDIX I 

•l·. ,., l>"-:'i,'.wr pL'. o'Ls Yl.'C)"'!'! us,Jd rm i'>ubjects for U-1,: expertrnents thr<'JlJf,hcHt, 
• • ~1." , m l.h,~'l 1 • exµet·ieucfo 9 whioh p roved highly ,, •. lt1able j ~ 1nc:ny 1"8Sp·-c,ct.3,. 

• '.r• •" 'H: th+"~' ..i ;·~ tl zelect,ed group with r1:tspect to t.em~>e:ratnei'it. :,md. hc>c:y· 
;;, ~~~ l.l'~-;.ed t.nrough. t he rf.lgular channeJ.5 of C4l-det and primary t.r.::-<:i.n1.nr, 2-.nd cn,,.

nny ~.;·:.:, t n·1~ 1·epresenta ti~re a.f bomber pilots ,,w a v;h8lo o • 

··i• _,.; .! .";rn i::r •"he pilot r:.ubject,s acco rding to the axpe1·ime!d,a h1 -i1ld.ch tJ,;:•/ 

• I 

·:, }n:. v~d 1.~J Table !. It wD.l be noted that there ai•e d,.:.viELt.:'lt•~:.5 f!'0ii, 

.-1""h ,-r ,tlD, l· .. t c, r r ect.j ons l'o:r t heae ,wi·e made before the f'in.:t'J. re,5i!1 t::'l 

'..ii~,:· 1•,.~ s \;t• re proc:ured fr.mi Lo~kbQurne Ar"?ll:}' Ah· flase and Smy:.'i"!.i. An:t} Ji.j ,• 

":s::-r•. fh1;:i.r :~or.1ba t. o: ... p-31 ienc<-i vn<1 about 0qt1ally divided betweelll D-17 1 :iJ (/1.B) .'incl 
,J.;, {i,r~-) , v;ith rni~ bHing p\.l()t t}f a B-••26., 

I ' 

Table I 
$ize Analyt~ls oi' Subjects 

Statu:re ( Jnchc~s) Vfeight ( p,:i,m • : 

--·- .... __ !!!~.--.:~.~_€;_·a __ ~::-._n_f!_, .,,_, ______ A._v_P--rage ···--·- y,i: L 

•d .. ,h.) 
l •'' '.~I}-) 

.. :. ,"\ •► p" .• ~ 
'If" • • #- ( • 1\. L ' t :, l5 

95 

70~1 
70,7 
69o5 
6966 
7Jo'5 

70.1 

6?.l-7h.? 
6h.5-7:i.7 
66.5••72 e6 
6l1 .6-73 .h 
66.3-7!1 .3 

64.5-75.7 

620::i-n1.o 

16?..5 17<~- ~-:-n!• 
16:>.3 :t.~·; ... ~iO) 
15s.1 l • 1· '\ ,,.., . .'.( ·---':JI 
160.3 1.:)1 ... :'.?l} 
157.5 1:,1-J.?) 

161.0 ".1.?) a,?]-~. 

15l1 .5 110. ?_1_;"1 

1 • . r. • !~h ··ring Irlvision r~emorarv.rnm Heport M~i. E;dr,--ll-JB~-6')5,.J.;Cr. 
,;:;·. 11 , o, • ,;~•, •., • s- ·1.foct! 

11A.nthropnmetric Data cm Army Ai.r Forci::r1 F'lH ~ .. !'.l:.H,c1·;, 
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APPENDIX II 

SeattAg Requiremeat• in Pil•t Po1ition of Aircraft wi\h Wheel Control 

Ninety-five subjects were divided intG five group•; one group for each of 
fiv~ experiments. The experiment• were differentiated by the value sel~oted for 
the Jime•~ion measured from the level of heelre•t ef the aeated pilot to hi• 
horizoatal lino or vi■ion, the values •elected beiRg 37, 39, 4l., 43, and 45 iAchem. 
Henceferth the•~ values will be termed "cockpit level•"• 

Each pilot, adjusted ver\ically to the preselected cockpit level, wae first 
pen- tted t.o select the sea.ti11g arrangement ,mich he fouud to be the most sati•-
fr ~ory fr•m the etandpoint of comfort and efficieDcy and then wan required to sit 
L '\:,he cockpit of his c-.hoice and to operate the controls :for as long as to four 
hourEi as he remained comfortable. Whether or not the selected position was opera
tionally an efficient one wao determined by the subject, who, in every case., was a 
returnee bomber piloto If signs of discomfort appeared, readjustment of the seating 
arrangements ,,as made to restore comfort. 

Recortls were made of all adjustments, contours, time intervals, and subjects• 
coJUm~:l'lts and an average for each dimension was detennined from those arrangements 
whic:·: provided the pilots with aperational comfort for the longest time intervaL 

Cockpit profile drawings, showing the seating and position requirements for 
each cockpit level, are presented in Appendix II, as figures 1, 2, 3, 4, and 5. 
Profiles of the average contours at three-inch intervals from the midline to a 
plane nine inches lateral of the mid.line are shO?!n for each cockpit level in 
Appendix II, as figures la, 2a, :;a, La, and 5a. The space requirements !or the 
latest personal equipment are also included in the cockpit dravn.ngsa 

There are a few important points which should be noted by way of explanation 
of the cockpit profile drawings. 

1. The dimensj_ons of each cockpit are based on the cockpit level, the fixed 
vertical distance from the heel rest level to the horizontal line of 
vieiono 

2. All dimensions are given as average or, in instances where adjustability 
is involved, representative of mid-adjustments. The amount of ad,justa
bility which .should be included in certain dimensions in order to accom
modate all sizes of fiying personnel are indicated by a± value. 

3. The seven-inch range of adjustability called for in the horizontal dimen
sion may best be provided by rour inches in rudder pedals and three inches 
fore-and-aft seat adjustability. The latter should be so effected that 
the full aft position may be attained with the seat full down, and the 
full forward position with the seat full up. 

- 5 -
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4. The ar:iount of 1ore-and-aft trc1vt:l of the control wheel hat. been Elr't,i-
tr, rily set at 15 inches. HovTever, certain restl'ictive values have been 
<lE>1..e mined: 

a. o The diste.nce between the v~rtical cor.1ponents of the ~wa i, ref Pr>:',n--·e 
t)oint and the centcrl:i ne oi' the hand grip of the -wheel at neutr o1l 
position should in no Cc\Se be lesf: than 17 and 1/~ inches or greater 
than 20 and • /2 inches" V:hen the se~t is at fore-aft rnicl-ad,iu,tn,ent, 
Lhis value should ~' P. 19 inches o 

b. The nlc'.>:ir.mm allcr.!able c>m.ount of tr& vel of the wheel an. of n~u t,n• l 
is 9 inche8. 

5. The seat und back angles given on th~ subject drawing~ are not necessarily 
the true or functional angles required by the pilot, but are ratheir the 
angles which are required if the shape and dil':lensions of the personal 
equipment and cushionj_ng between the pilot and the seat a.re the same a<:1 
pictured in the drawings. The important feature of the.seat to be 
observed in this respect is the spatial r~lationsh:tp of tht! actual sitting 
surface to the seat reference point. The cushionint:, personal equipment, 
and seat should be so integrated as to hold the pilot in the positfon 
shmm, 1·egardless of vrh.i.t seat and back angles may be required to att.;d .n 
this end. 

- 6 -
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APPF.lmIX III 

Theoretical Aapects of Pilot SP.ati ng in Bombardment Type Aircraft 

Tne dimension measured between the heel rest level and the horizontal line of 
,'1.sion is the fundamental variable which determines cockpit design insofar as the 
pi l ot' s positioning is concerned. This appendix will be devoted to tracing the 
changes which the other cockpit dimensions undergo when the cockpit level is 
changed, and to demonstrating any correlations 'Ythich may exist. 

11' comparison is made between the results obtained in the course of the sub
j -. .,;·t experiments and those obtatned in the s tud.y on fighter cockpits, several 
J!linor discrepancies will be noted, when, presumably, there should be noneo There 
are certain facts, hov,ever., which should be conaidered at this time because they 

1 will explain these discrepancies. 

First of all, the bomber pilots averaged one and one-half inches taller in 
s t ature and ten pounds heavier in weight than the fighter pilots. It follows, 
therefore, that the thighs, and the buttocks, are larger and the back broader in 
the ·bomber pilots. It is a eimple matter to correct for stature in the subject 
studies , but it is both diffi.cult and impractical to correct for weight and those 
differences in contour which are enforced by the differences in size and fonn of 
the thighs, buttocks, and back. The heavier pilots sink deeper into the seat and 
so there is an apparent loss in sitting height when it is measured from the refer
ence point of the seat. Whether or not corrections should be made for all these 

• factors is debatable and cannot be definitely determined until it is knovm what 
selection criteria will be used by the Army Air Forces in the future. ht prP-sent, 
the tendency is to select the smaller men for fighters, all else beinr. equal, 
leaving the generally larger men for bombers. As long as this tendency holds, 
there is no need to make corrections for the above factors, except by providing 
slightly deeper cushioning to tolerate the t-,.,o groups o 

Reference is made .to Figures la, 2a, 3a, La, and 5a, Appendix II, which show 
the contour21 y1hich nere determined for each of the cockpit levels. These contours 
are not passive ones, but dynamic, for they represent the contour of the body when 
it 13 held in a comfortable, working st.te by means of cliff~rential weight support. 
Were the contour passive, there would be no rise in the l01'1er portion of the back, 
for that :i.s the flexible portion of the body v1hich tends to bm-1 out when support is 
lacking. 'l'hat support i21 needed in the lOYrer back is a Ylell known fact. The con
tours presented here show both the precise location and the amount of the support 
required. The same applies to other portions of the seating surface as vrell, though 

·less strikingly. Further examination of me contours will reyeal that there is 
little variation .t'rom the basic contour among the different cockpit levels. The 
upper portion of the back contour is ~uch a:5 to .sho-,r that the shoulders should be 
held slightly forward in order to maintttin the he£!d and n<'ck in balanc~, preventing 
fatigue of the large nruscles in the shoulders end neck . 

.. 
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It has h~en found that the angle of the bottom portion of the sec:t is one of 
t he import .. :i~ determining factors of seat comfort. This study has shown that, when 
Lhe seat ifl J. o>t, relative to the position of the heels, a rather large angle of 
up~--~r-:1 tilt of t,he front edge of the s e~t is necessary for com.fart. As the vertical 
dish:-i.ce of the seat from the heel level increases, this angle decreases (Appendix 
rr: ~ :·'igures la, lb.). The range of seat angles determined for the cockpit levels 
stwiied extends from 10° at the 3711 level to 4.4° at the l.511 levelo 

In the determinat,ion of back angles, it was found that there vras considerable 
SD "ea,J about the mean in each cockpit studied. The interpretation for this is that 
tht-· is e relatively high amount of variability in the skeleton, and thereby a 
vt, .,1tion in the adaptability among indj_v1.duals to accommodate for a range of back 
r.;nleb in the order of 2° on either side of the mean • .Qbviously, however, the mean 
valt:es are the most reliable, so the sequence of back angles plotted against the 
cockpit levels and the height of the.buttocks from the heel level is shown in 
Appendix III, :figures 2a and 2b. The relationship appeat'S to be linear, indicating 
that "\;he back anr,la must decrease as the cockpit level increases. This is pro
bebly indicat,ive of a requirement for a more erect sitting position at higher levels 
; ~, order to maintain the body in a state of balance vrhile looking forward hori-
,.ont,, 1.ly. 

'J'he graph of' the seat-to-rndder pod.al dimension in relation to the cockpit 
levels indicates that the higher the individual sits, the closer the pedals are in 
a ·horizontal distance from the seat .. Appendix III, Figure }. The values given are 
means. In order to accommodate for different leg lengths at any single cockpit 
level, a range of adjust.ability of 3 and 1/? inches either side of the mean must 
be provided. Of this range, ±land 1/2 inches may be provided for by fdre-and-aft 
adjustability of the seat, and ±2 inches by the pedals. 
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APPENDIX IV 

Summary of Pilot Position ~quirements in Stick-type and 
\','heel-type Control Systems 

The report referred to above on studies of the stick-type control, fiehter 
pilois, and yheir related cockpits, presented only those data directly related to 
pilot position. With the addition of further data rep.arding space requirements of 
personal equipment, it is now possible to add the complete pilot-personal equipment 
reri .rements. These aata are presented, in addition to those for the wheel-type, 
ir .. ppendix III, as nev, diagrams for the stick-type system in Appendix IV, F'ie;ures 
1, 2 , 3, L~, anci 5 . 

In sunll'!1ar~,, it may be stated that any pilot may have to pilot any aircraft, 
and consequently all aircraft, so far as the seating of the pilot is concerned, 
must include adequate provisions for him and his personal equipment. Consequently , 
there are only two types of cockpits currently possible, one with stick imd one 
with wheel. This s.pproach will apJ,ly to definition of all cockpits; trainer, 
~omh"t, and transport. -

finally, all cockpits must include provisions for the ~JJEl.ce requirements of 
personal equipment utilized in accomplishine the missions of the ~-ircraft. The 
maximum values are given in the figures referred to. 
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APPENDIX V 

Required Cockpit Dimensions for Stick and Wheel Tl"Pe Controls 

As referred to in Appendix IV, there are i'undar.ientally only two types of 
cockpits which are required, both fitting all pilots equally well. Jn order to 
facilitate reference to required dimensions for these types, Figure 1, Appendix 
V, is a compilation of all dimensions for the different levels {heel level to 
hori .. ontal line of vision) for both. 

The method of presentation is such that it may easily be used for inspection 
purposes and for installation requirements in official literature. 

- 29 -
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ARMY AIR FORCES 

HIADQUAfflRS�U:dm�f'nfflF CCDAND

MEMORANDUM REPORT ON 
A.P.Oagge/aht 

SUBJECT: Buaan Factors in ,Urcratt Deaign. 
Date 29 May 1945 

OFFICE ...... Jar.a . .bd1c&l. ............................. . 

SERIAL No. �3.�.5.➔.'-. ....................... .

.A.. Purpose, 

Contract or Order N 0 •..............................................•........ 

Expenditure Order No ... §.9.5. .......................................... . 
DOWNGRADED AT 12 YEAR

INTERVALS· NOT AUTOMATICALLY
�CUSSIFlED, DOD D� ijgQg.ig 

1. To enter in the Engineering record a paper on the above subject,
presented 17 May 1945 at the weelcly St.aft Meeting, Ottice of the Surgeon 
General, War Depart.ment, Washington, D. C. 

B. Factual Data,

2. The chairman of the meeting was Maj. General Norman I. Kirk, USA•
Surgeon General, United States Army. The deputy chairman was Brig: General 
Charles A. Glenn, US.A, Deputy Air Surgeon, Army Air Forces. The audience

consisted of sta1't members from the offices of the Surgeon General and 
Air Surgeon. 

3. In Appendix I a paper on the above subject, given by Lt. Colonel
A. p. Qagge, Chief, Biophysics Branch, Aero Medical Laboratory, Engineering
Division, is presented.

c. Conclusions:

4. None.

D. Recannendations:

5. None.

Distribution L. 
llndolph neld, Tena

(A,B,C,D,E,1'.G) {262 eye) 
'l'h• Air Surgeon 
(Into:rme.tion Cy. A Bureau ot Aero-

nautios) 
AC/AS laS (2) 
B-29 Aircraft tProd. Div. 2 oya)

Prepared by A. P. CUOOB1 Lt. Col., A. C, 
Chiet _BiOJ)hyaics Branch

--::r.,t:1.� J-rc.e4<. 
Approved by W. RAIDoLPH LOVELACB a II, 

Colonel, lledlcai Corps 
Chief, .Aero Medical Laboratory 

Teoh. Data Lab. Bvaluation Branch {1) Anwoved bylfational B11earoh Council, Waahington {.I) --------------

Public Health Ser-rice, Washington (1)

Concurrence 1

. . 

1601171151C
Line
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APPENDIX L. 

B1JIIAlf PACTOIIJ DJ AIIEBAP! DISIGI 

Lt. Colonel A. P. O&gge, A.C., 
Chiet, Biophysio• Branoh 
Aero lledioal l&bon.tozy 

Wright Pield, Dayton, Cilio 

A• an item ot historical intere•t it would be •ll to note that the 
be.aio design ot ell the operational ainrat't uHd at pN■ent in the Anq 
Air Poroea, namely, the Lightning (p-3g}, the Thunderbolt (P-47), the 
11.&atang (P-51}, th• Portnu (B-17), the Liberator (B-24) and the Super
rortreaa (B-29), were on the drawing board• long betore Pearl Barbor 8W1day. 
Although theH airontt haTe passed through aneral types and undergone 
oone1den.ble JIOditioat1on ainoe their original de11gn, the ••••ntlal teatuNa 
ot th••• airoratt that 0&11 be auooiated with the human tactor haTe remaine4 
thl"OUgllo\lt buioally unchanged. All the aboTe airontt ot the A'l"llq Air PoroH 
an built aooording "° general principle• and prooeduN• outlined 1n the 
llt.ndbook ot Instnctions tor Aircraft Deaignera. The detail delign and 
perlomanoi' le oOTered 'by-ale reapectiTe Specltloation•• CaNt'ul •:nm1nation 
ot either Speoiticationa or the Handbook will ahow that tor theH opeNtional 
airoraf't nothing has been written in that oan be considered a Buman RlquiNment. 
In each case the design tor the Buman Faotor has been lett by the AAP to the 
reepectiTe oomp1UJ¥ engineers, who haTe incorporated teature■, which in their 
limited experienoe they beline beat. An exception to thi1 tNnd should be 
noted ln the Supertortreu, B-29, in whioh orew comfort and etfioienoy haa been 
~reatly improTed by the u•• of oabin pNseuri&ation. 

With the perf'ec:tion of the jet pl'Opul■ ion engine and the rocket motor 
it is now within the realm of engineering possibility tor ail"Orat't to tly at 
speeds o.pproaohing And nen exceeding the speed ot sound and to climb to 
altitudes highel" than those in llhioh a man can •u"iT• eTen tor a ahort ti• 
with prenuN breathing. With increasing ,peed.a, stream.lining 'lt fuselage■ 
and cabins has become nll i~portant and the alir,hteat maneuver oall1 in play 
centri1'ugal tol"Oe■ greater than thoae nonnally tolerated by man. With the 
approach ot a new era in airoratt deaign, the airoraf't engineers and deeignen 
are rapidly realizing that, unlea• human requirements and limitation• an 
oaretully considered, they will produoe airoraf't impossible tor a pilot to tly 
•1th any aooeptable degNe ot aarety. 

During the pr.sent war, th• ettorta ot the Aviation fflysiologista and 
Plight Surgeona to impnwe drorew ettioienoy haTe been dnoted primarily to 
the 01.1rrent personal equipment program. .All attempt hu been made to 
malce up tor the detioienoy in the design of airoratt tor human requiNlMnt•• 
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by improving personal equipment. Three classic examples o.r these efforts 
area 

a. The development of the demand and pressure demand oxygen systems 
was baaed on a requi rement for equipment to supply ox;ygan at high altitude 
and under cold conditions to an aircrew member undergoing moderate to heavy 
work. Cabin pressurisation has reduced considerably the importance of' this 
requirement. 

b. The development of reliably warm and electrically heated 
clothing was based on a requirement (as revealed in 8th Air Force opera
tions)to prevent frost bite and extreme exposure among a•rial gunnere in 
exposed positions, such u the open waist gunners of the B-17. Thia n
quirement •• d1rn1nished in importance by cloaing the open windowa and 
improving the heating system. 

c. AU our .tighter aircraft nre doaigned basically tor ahort 
range ope::-a tion. The change over to long range operation haa been acoc,m,
plished by ad4it1on of external ga■ tanks and without any basic change in 
cockpit sise deeisn. The relie! or fatigue 1n these long range aircraft 
has been directed at the improvement in the comtort o.t personal. equipment 
and seats rather than a rearrangement and resi■ing ot the cockpit. 

Thus, 1n general, our et.fort.a in the past haft been directed at correot
ing the human limitations o! our aircraft by impro"fing and perfecting pel'
sonal equipment of aircrewa. Little ettort h&e been devoted to considera
tion of the human factor 1 tself 1n the duign of aircratt as a method 

• reducing the need tor pereonal equipment a.JJd ot improving t.he erticienoy 
o! aircrm. 

The hua&n factora in aircraft deaign an diagrammatically summarised 
1n the aooomp,.nyi.ng obi.rt. The human !actor■ are deeoribed in the inner 
c1l"cle. The outer circle indicates the deaign factor in the aircraft 
that auat be considered. It 1a not the intention at the present time to 
a:ive a detailed anal79i■ of all the aix major oatagorlea indicated, but 
to present in a general way ae f'ollon the canaiderationa that m.w,t be 
made in aircraft design tor the human factor: 

Si,aoe and Weifht Requirement I In the Spring or 1942 the Air Tech?Q.cal 
Servicedoiiiend ( hen the ill iia~eriel Comaand) conducted an anthopometrio 
survey ot cad.eta at the various training centers. or interest waa not only 
the height and ... 1ght, but body climensiona themelvee such as sitting 
hai.a:?it, arm reaoh, shoulder width, hip width while sitting and stancling, 
lea reach and ■o an. From these dimenaiona the IINJl and the value■ tor a 
top ancl bottom 5 per cent 1n a normal distribution were ewl.uated. Dimen
aiona alone an not enough tor an a iro:Ntt deaigner. The additional apaoe 
required by penonal .. uipaent must be oon1idered such u the back and 
aeat puaohutea, eeat d.1n&b1••, wrgenoy ., .. ta, 811ff18DC7 Jd.ta, OJ:iY&eD 
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equipnent and fiying clothing. In brief, the range of human sising require
ments can be s\.Ulll&rbed as tollows : 

a. For Fighters: 

llaxim\11: 6'1", 1go pounds (nude), with full operational 
personal equli;aent. 

ld.nilnm 1 5 '4", 120 pound.a (nude) , w1 th minillal personal 
equipnent. 

b. Por Bmber■ s 

Muiaums 613", 200 pounds (nude) with tull operational 
personal equlpaent. 

Minimmi 5'0", 120 pound.a (nude} with m1n1aal personal 
equipment. 

Since a flier is never without his ••rgency equipllent 1n night, the 
true design wight should also include this. As a design weight tor "1.r
cratt, the maximum should be: 

2,0 pounds per man for tighten 
250 pounda per man tor be.bar■ 

Camtort and crew etticienc1 are cloael1 related to the ainuaa clearenoe■ 
allowable in a cockpit. !hes• aay be a--.rueds 

Above Bead 2-1/2• 

Aero•• Shoulder• 24• - 26• 

J.croa■ llbon 26• - 28" 

Across Bach lnH 6• - 88 

Jbcmt Inna and 'lhilh 26" 

Satet7 1a also intimately aaeociated with aiu at eacape hatohe• f• 
bailout, dltahinp and oraah. !be following are ainiaua requiraent.a, 

•• Bot.tea 0pen1 ng• (bailout). 
2o- x 29•, when le&Tine att edp 
20' x 32", wti.n l.ea'Yina trail ton edp 

b. IS.de Openinp (bailout) 1 

2()11 X '1" 
-4-
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c. top Openings {ditching and crashes): 
lt!" circular or square and • houlder11 au11t protrude, while 
n:1.ar \18811 inside step. 
21.• oircular or square without inside step. 

With the tenaency to greater streanlining !or speed the available cockpit 
and cabin apaoe wUl decrease. The ideal trend tor a design requirellent 1• 
to keep the cockpit sis• up to the ain1mua values quoted above so that the 
aaxllNll w,e ot anUable personnel 111&7 be acc:cmpliahed. 

Altitude tolerance 

The OlliY&en requiranents tor aircrewa is by now wll known. Required use 
ot npplmoutary CDQ'PD begins at 10,000 teet. Above :,5,000 lNt presnre 
breathing with 100 percent mr;ygen has increasing advantage. !he upper 11111t 
tor the un ot pnesure breathing routinel7 without anoxia is coneervat.1"17 
ahoeen at ~,000 teet 111th six inch•s •ter pressure, but under ••rgency 
conditiona 11111.ted protection may be gained at 50,000 teet with 12 inches ot 
water pNSINl"O. 

Aero-allbolisa becaae• an increasingly signUioant tactor above 25,000 
feet at which altituct. its frequency ot occurence tor an average fiier is 
negligible. At 30,000 feet the chance ot getting aero-fllboli• is one in 
ten tor one houns exposure to }5,000 teetJ one in taur tor one hour's ex
J)OBUN to 40,000 feet. Above 40,000 feet only the hardT can last more 
than 20 minutes Without some e!tect rran aeroanboliem. 

Rapid or exploaive deccapresaion as the rule is wll tolerated by the 
average tl.ier and as a hazard 1a 04 ■igniticance only at ext1'91lely high 
altitudes in pn■BUrised fighter aircraft. In general, tolerance to ex
ploaiw decoapreasion is a function ot the relatiw expansion ot internal 
gases {!Ill) and the time of the decClllpression. For an inatantaneous de
cClllpression it has been shown that an JIOI or 2.3 (i.e. 28,000 to 40,000 
feet) ia wll tolerated. For a 0.15 sec dec011lJ)ression 4.0 RQE (15,000 
teet to 40,000 feet) is tolerable. The ROE itself is a simple function 
ot the cabin and tl.ight altitude pressure. !he time of decanpreasion in 
addition to being a tunction of the cabin differential presmire and flight 
altitude is proportional to the cabin volume and inversely proportional 
to the explosiw orifice. Thus, for a given si1• hole or damage the tiM 
ot dec011prt1asion and hence the freedom from danger ot decompression both 
increase with cabin volume. Bicause of the relative size of the canopy 
area to cabin volume in fighter type aircraft (50 cu. ft. cabins) the 
aaxlam tolerable ROI is 2.3 tor can.bat areas. A tentative value o! 4.0 
ROE ia set tor aedilln bC1Dbere (250 cu. ft. cabin) and 6.o ROE tor heavy 
b•bers (1000 cu. rt. cabin). How high one can choose an operating ROI 
tor canbat area• depends in the final analysis on gunfire teats on a 
stat.1.o teat tuselage. 

- 5 -
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The tolerable rate of compression by an averar,e flyer is fixed by' hie 
al,ility to clttar his inner ear. Experience shows that the opt:illnm design 
rate tor incr,,aee in cabin preseure is l psi/min. 

Between 10,000 feet and 33,000 feet the rffquirement tor euppl•entary 
oxygen varies trOtJt sero to 100 per cent. The deaign requirement for oxygen 
equipnent itself is to supply this partial need with a proper margin or 
safety. Where night vision is a factor we shall see that a 5000 foot cabin 
or the use or oxygen fran the LTound up is required. 

Cabin pressurilation ma~r be used either to canpletely eliminate the 
noed for continuous uae of oxygen, to prevent only aeroemboliam, or just to 
rednce the C!f.bin altitude to a level where use of pressure breathing is 
not required. 

It is interesting to note on the basis of the principles outlined 
above that for fighter aircraft it is impossible to fly above 53.,000 feet 
in CODtbat without seriously increasing the hasnrd from explosive decm
pression (exposure to a. greater ROE than 2.~) or without the risk of 
a:ioxia uhile using pressure breathing above J.i2.,(X)Q feet, or hoth; in any 
c:1se the flier would be seriously exposed to the effoctaof aeroemholism. 
On the basis of what is lmown at present of h'llllan limitations alone, the 
success of any type of cottbat at 50,000 feet will be signi1'icantly lilli.ted. 

Heat nnd Cold Tolerance: 

In any consideration of heat and cold tolerance aside of dry bulb 
temperature the most 1m.portant variables are the degree of clothing and 
the humidity. For indefinite exposure times the tolerance lilllit for a 
sitting-resting pilot to cold is set by the hand::, and feet regardless ot 
the amount of body clothing used. This ho.s been found to be approxiutely 
32°F., if dexterity is to be maintuined. For continued exposure at lower 
temperature electrically heated clothing will likely have to be used, 

For the ca::1e of a sitting-resting flior dressed in an OD uniform and 
worsted coverall the comfort zone and the range of tolerable temperature 
extremes in tenns of time are well kno,m. Toward the colder temperatures 
tho tolerance ~ime is set by the dry bulb tertpcrature only., and is prac
tically independent of humidity. For this special case, the lower lillit 
of. comfort is approximlltely 679F. However, 55°:r 1s tolerable for two 
hours: li4°F tor one hour and 32°F even for 1/"l hour, 

For the warmer temperatures the effect of humidity on cQnf ort is great. 
For practical design purposes the maximum probable absolute htlll:ldity c,o 1llJI 

of HG vap()r pressure) on the eart:1 's surface should only be considered. 
For tt:is absolute level of humidity, the upper can.fort liJDit is i',O°I'; 95°y 
is tolerable for four hours; l07°F for two hours; and 120°F :for two hours. 

- 6 -
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These values therefore can well be used as a design requireent for aircraft 
without reference to its geographical use. 

In generu, it should be pointed out that the tolerance limits to heat 
are auch more sudden and severe than to cold. Collapse trm heat can well 
reault in sudden unconeciousnesa while collapse frail cold w1ll result in 
local nwabnea•.• pain, and ehivering. 

In the design of cabin heating and ventilating ayateu tor aircraft the 
t'actor of solar radiation mUBt be conaimred. For high speed aircraft the 
degree increase trcn. ram rise is great. In jet type aircraft the air !ra. 
the jet air compressor tor cabin pressurisation is often as high aa 400°1', 
creating a requirement tor air cooling. In mul ti-paasenger aircraft in 
which presaurisation ia used, recirculation and purity1ng the air may be 
required because o! the low capacity ot the superchargers. These, briefi7, 
an sane of the tactors that must be corusidered under this very general 
heading. ' 

Sounds 

the ■oat illr,ortant human requirallent in the design or aircraft aa it 
concerne sound is the maintenance ot communication tor aircrew 1n night. 
Using the t•iliar decibel system for measuring sound, caamunication 1• 
iapoaaible tor an overall noise of 120 decibels. Voice conversation 1• 
difficult at 90 decibela,wher" auditory fatigue is significant during 
flight. Sino• nearlf all oonnntional aircraft han onrall noi■e l•~• 
1n thia ranp, 1r9at care awst be used in the daaign of radio and inter• 
ocmrunioation equipiaent. 

Raaent work has eho1111 that tor conventional aircratt the overall 
daalbel level 1a uauall7 ■et by' the horaepowr ot the engines, and it will 
take an exvaorclinu"y' aount ot sound proofing to recluoe thill Oftrall 
leftl. The current pr.otice is to reduce the tranaiaaion in the hilh 
flncluencr., (500 cps and greater) ranp by proper insulation, since 11ounc1 ·1n 
thia pan ot the arpeot.rua attecta intero<lllltunicaticm the aoat.. At pnaent., 
aound prooti:ng 11 applied to aUitary airoratt to recmoe the decibel leftl. 
to d5 in the apeotral. :range, 1000-2000 ape. rm- o ... rcial airoratt a 
leftl u low a, 78 decibels 1n ~1• ranp 1• da11.rable. 

th8re ha• been no indioation to date that acnmd control will be a 
Nl'iou conaiderat.ion 1n jet propelled type aircraft. 

V'ld.cm1 

IT Nleotift ■ethoda the flight INl'pon 1a prffidinc tor the Jl"fq Air 
1orae pUota ud a1rornl with the beat po8■1ble (a) 'f'inal aoul'7 by UN 
ot t.tle lnellu Ohart, (b) depth ,.._,,1aa "7 ue ot the ~ 
aa,,ua-., an4 (o) ni&bt. n.■tan with AAP-la•iaan or 81. ldpt. 'ti.aim 
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teeter,. 'the problem tor the airo:rart designers h to proYide wind1oreena, 
sighting blisters, and ooolcpit lighting that pr•••"• to the tull••t extent 
th••• viaual taoulti•• ot the pilot. 

In oonventional airoratt with whloh • an moat tudltar windaoNenl 
have been ma.de trom tlat gla•• 1egment1. Use ot tlat gla11 ot high optioal 
quality is the ideal method ot preserYing Ti.1ual ett1o1.enoy of aironwa. 
However. with the trend to high •pe•d• and the oonHquent need. tor wide 
Tiaual field• olear plaatio oanopi••• dOM1, and blister• aN being uaecl 
with ino:Naaing tNquenoy. llhen the optical quality ot wind1onem and 
aightlng bliatera ia allowed to be reduced by th• uae ot molded or blOlm 
pla1t10. the following may be expeoted. 

•• Loaa 1n •~• ot Via ion, Thia etteotiTely 11 an integration •t 
the effeot ot diato Ion. io,s or tranamlaaion, an4 dirty windaor.eu. l'or 
&DJ wind1oreen the 1011 in rang• reduoea greatly with inona11Jlg angle ot 
inoidenoe (the angle betnen the line ot Tilion and the DOl'IIILl to the wim• 
1oreen or lighttng bl11'tserl• ror e;xampl•• with high en.de plate gl1.1a, tu 
loH in J'&DC• o.t 5% tor 40 angle inoidn.o• 1 ~ tor 60- angle, all4 lo,C tor 
yo•. Th• oorr .. ponding ts.pN• tor a •"ffed pla1tio 1urhoe 1uob. •• uae4 b. 
• bubble oa.nopy are ~ tor 40• angle, 2°" lou tor 60•, all4 '°" tor 709 
angl•• It the pla1tio ■urtaoe 1• dirty or eontohed th• 1 ... at a 70• angle 
is a.a high a■ ~. 

'b. LoH 1n Deptsh Pel"Oeptiona A.a abOYe, with inorn.•ing uagl•• ot 
inoideno•, t6i diplb piHipiion ot the pilot NOQIDH lll0NUlncly· pNNr. 
Thil 1e •■peoial17 tnae tor angle• ot 1no1denoe abON 50• • At &JI¥ ugle 
•t lnoidaoe the depilh pel"Oep\ion th.rough plutio 19 abod thl'ff t1•H 
poorer 'than through high gftde gla11, u -•■uNcl • a lfcnrard-Dolam ap
paratua. Depth pel"Oep11ton 11 ot great-■t iaponano• duriBg luldlnga ad 
,u.-. .. tt•, whn j•dpent otaa'tuail cU.a\anoea tl'OII ~• groWld. le all blpor
,ant. 

•• LM• in 'fn.naaiaaicma tbl1 taotor, too. Tari•• with the aagle 
ot tnoiuno• iuiil In add!Eion io lt■ •tteot on the leH ot ianc-, •• Wloa• 
Mel •~• lt •an oaue an equi•alent loa• in night •1•1on. D la 
•eNhft ••••nt1al tor night tipter airoratt 1lo ue •• pod op11t.eal 
glua .. poali.ble, or when plaatie au•taMa aN uaecl, ,o bep tb.e U.• et 
alp' u BOJll&l u po11ibl• tio the 1lgh.tbg ••nea• 

•• Dfflatioa la~ lb.e ot •i.11--• b9 00J1alclend. in uH of 
tu aatrolw &r nay{p.\lon iii 6eT~1n1 bll•t•r• tor ga ftN • 

.In tapenan tao-tor in the pnaenatio11. ot night Tition 11 th• proper 
elleloe et ooelcpl\ ll&b'bg oonditiou. XdeallJ, Ncl oooJcplt ligbtiag la 
* ••" w han fer preH"ing night Tiaul •tf1.o1onq. bperiae8'&1 
nt ..... ,ia ... ~t tor dt:i:aed n •• ,.,..- Upt1, a• cnarrent~ u• la 
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the I.AP,, night vision 11 only- slightly impaired. In any case, all expoaecl 
lights should be aTOided in cockpits and cabins of tactical aircratt at 
night. ot utmost importance is the shielding ot all light frClll renect1ng 
on the windscreen as this decrease a the contrast ot objects seen through the 
windscreen and will greatly reduce the visual range out.side the aircraft 
at nignt. 

Accelerations 

The two types ot acoeleratiff torces important 1n aircraft de■ign are 
oentripedal and linear. Oentripedal force■ are a11&ociated with changes 1n 
oour■e ot any aircraft and become greater the shorter the radiue ot curva
ture or· th• patll. The aost frequently encountered of the centripedal torces 
1• 'that directed to the fioor ot the cockpit (positive 0-toroe). Ho•ver, 
tolerance to this force has been carefully studied on centritugea ae well 
aa in flight and is wall known. As in all tolerance studies., the intensity 
ot the tore• aa ..U as the tille the fore• acts must be considered. A fur
ther taator tor consideration is the position ot the pilot during applica
tion ot the O-torce. 

In cockpit design three pilot positions are ct practical interest, the 
nomal sitting, the eei-reclining, and the prone. For an exposure ot ten 
seconds the anrage 0-forces tolerable by a nomal pilot as is as f ollon: 

Sitting 
S-1-reclining 

Prone 

l'-•5 to 5.5 O 
5.0 to 6.o O 
12 to 14 0 

Thus,• can see if 0-tolerance is a factor to conaider in the design ot 
airoratt, the prone would be the most effective. The practical ditf'icul.ty 
1n the application of the prone position is to support the head during appli
cation ot the 0-force. 

An illpr'OVtlllent in tolerance by a factor ot two O may be expected by the 
pilot• 1 use ot an anti-0-Suit. This suit consists of a pneumatic garment, 
which exerts pressure by bladders on the abdaen, thighs, and calves and 
prevents pooling ot blood during Q maneuver,. The suit pressure increases 
proportional to the applied Q forces. 

Fighter aircraft have a wing de1ign capable ot withstanding at least 10 
O during ocabat. Unless the wings are reenforced to withstand very high 0 
forces, the most practical approach to giving G protection to the pilot 1• 
the w,e of the anti--0-euit rather than changing to an abnormal position 
for the pilot. 

tolerance at pilots to negative centripedal force (directed toward 
the head) 1• low and is approxiaately 2 G. This force is rarely encountered 

-9-
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voluntarily during aircraft maneuvers and is, theretore, not aignitiaant 
aa a human design factor. 

Lineu acceleration, such as nonnal and catapault take-otta (apprm.
mately 3.5 0), has also proven to be a problm ot no aigniticance •• it 
ia related to hman tolerance. Linear deceleration, on the other hand, 
in ot vital interest in ditching and crashes. At present, little 1e knom 
on tolerable or allowable decelerative forces tor airer•• nor haa theN 
been any systematic evahiation of these forces during crashee and d1toh1np. 
The best evidence available indicates that such forces range between 25 
to l~O O and indicate the degrees of structural support that 11ust be c onai
dered in aircraft design and in the use ot satety harnesses. 

For the ne,•r types of high speed aircraft considerable interest hae been 
expressed 1n devising an ejection system for emergency escape by the pilot. 
If such a syetAm can be perfected, vertical linear accelerative foroe• along 
the spinal colunin muet be considered that are or eutticient inteneit7 and 
duration to clear the pilot fr011 the ship but at the ume time oauae no 
spinal or physical injury to the pilot. P'rm the meager experillental evi
dence now available, it appears thut the muimum allowable ftl-ue for th18 
force is approxilllately 250 applied for a fraction ot a second. 

In conclusion, the future aim of the Aviation Physiologist and night 
Surgeon should he to stress and improve the hU1Dan factor in a irC?ra.ft d e■ign. 
The first atep in this direction has been taken by the 1nclua121 or a MW 
section in tha torthc<aing edition ot tlw A.AP Handbook ot Inatructiona 
tor Aircraft Designers, covering a prelimiii'ary evaluation ot the human 
r actor• in the design or a ire raft outlined above. In the long run the 
surest way to improve pilot and aircrew erticiency is to reduce hia con
cern for -personal equipnent by the proper desiP,n ot the aircraft itself. 

-10 -
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Serial •o• TSEAI3•2 

SUBJEC1'1 Vilual Factors Relating to the DATEt 7 June 1945 
Delign and Operation of .Airoratt. 

1. 0.neral. The job ot flying is .more dependent on vision than 
on any other of ~an'• 1en1ea. The tenn vi11on, a1 used here, denote, a 
number of different function,. Plying personnel need good depth percep
tion to land. take off, and acourat.aly judge the altitude of aircraft 
during low level strafing and bombing run,. They need good visual 
acuity to identify and hit target,. fbey need good night vision to aN 
at night e1peoially under war•timl blackout oondition1. For these reasons, 
the Army Air Foroee have established elaborate examination procedures to 
inaure the excellence of the vis.ion of air orew personnel. But all tlw 
advantage• of careful ,election are lost it the aircraft ia not so designed 
•• to enable -the aircrew.members to make effective uee of their excellent 
vis'ion. The field of view muat be as unhampered a1 po,sible in all 
direotionaJ the windscreen• and oanopie1 muat have good optioal propertie1J 
and the oookpit muat be provid•d with lighting 1fh1oh will not impair night 
viaion. 

2. Field of View. The impetua tor analyzing the field of view 
from military airor:art"'9originatea in oomplaint1 and un,atiefaotory 
reports trom oombat operational groupe oonoerning vi11bility. First, 
there are many oomplainta ot poor forward visibility in fighter airora~t 
while taxiing with resulting aooidenta. Al■o• 1ome pilot• complain ot 
the lo1s of visibility in landing atter the noN ot the plane ia raiNde 
Secondly. the reports often refer to poor visibility over the noae in 
tighter aircraft 1'hile in combat. for reaaone·ot safety, fighter airoratt 
muat often atay on the dook. It 1■ seldom that they oan •e the targe't 
at this altitude beoauae there 11 10 little vieibility owr the no•• 
With the development of oomputing gun1ight1 for tighter airoraft th• z-.
qulrement for visibility owr the nose inorea■e,. Gunaights now make 
po1sible deflection Ehota trm 15° to 20° but visibility over the noN 11 
reetrioted to len than 8° or 9°. In the Ml-410• trable I) 12° downward 
vilibility owr the nose ia achieved in. the taxiing position, while 20° 11 
readily available in the flight attitud•• In the Briti•h Meteor. tram 25• 
to 30° downward viaibility over the nose appears poaaible while in th• 
flying attitude. On the otner:t.Ja, none of the AAF tighter• 1tudied 
ofter• more than 9° downward visibility. -

•• Measuren•nt of visual 
inatrument 11.Jnilar to an -■trolabe. 
Tertioal 1oale for reading angle• of 
01 a directional gyro whioh provide■ 

field■ 11 aooompli•hed with an 
It oonaists of a 1elt-leveling 
elevation and depreeaion mounted 
the admuthal 1oale. (Figu e111 1 

No. or ~AGEi 19 
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Figure 1. 
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VIEW OF PARTIALLY DISASSEMBLED INSTRllKENT. 

bgineering Div. Teoh. Note 
Serial Bo. TSEAL3-2 
7 June 1945 

(A.) Vertioal aoale unit with left hand grip 
and supporting braoe. (B) Rubber friotion 
olutoh washer. (C) Sighting and indioating 
unit with finger grip and mirror. (D) Com
pression spring. (E) Right hand grip and 
supporting Braoe. (F) Azimuthal soale unit 
(direotional gyro indioator) in mount. 

• 2 • Neg. No. 360.3 
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170131 

Figure 2. 
INSTRtnlENT IN OPERATING POSITION 
WITH VACUUM HOSE ATTACHED. 
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and 2). B•tilr.ation• are •d• at 5° intenala around the entire ,60° 
a11muth. Vi1ual tield 1ize ia oomputed from these angles and 1• expre•••d 
quantitatively in 1teradiana. 'l'he instrument 1a hand supported and enabl•• 
the obaerwr to 1rove about in the oookpit within the limit• of the 
ahoulder hanieas and aeat belt - thua providing estimation or a tunotional 
tield ot viaion and almulating natural 111ove114~t• a pilot 110uld. •lee • 
when pursuing an objeot or target viaually.~OJ 

b. Table I makes poaaible quiok oornparison of airoraft studied. 
Fr0111 these data, it ia apparent that fighter airoraft differ 11gni
fioantly in the size of the total field of vision and the amount of 
visibility over the nose. The P-63 ha1 the largest total field of vision 
and the P-38 the smallest, a difference of 12:(.. The Me-410 gives the 
largest angle of downward visibility OVfr the nose trlhile the P-51B 
and P-47 are poorest in this respeot.(9} ~e total fields of viaton f'rcn 
t-.ired P-51B canopy and the R-51D bubble canopy are almost identioal. 
It should be emphasized., however, that oanopy atruotural mer.1ber1 oon-
1titute handioaps for the pilot. The bubble type canopy is universally 
preferred over., the older, rib .,ed and reinforoed types, even thourh the 
total amount of visual field is not greater with the bubble canopy. 

o. On the basis of the data and experi~nce thus far ,,ccum.:lat
ed, oertain general reoonurendationa regarding visibility and aircraf~ 
design oan be nade. 

(1) Tricycle landing gear ar.ould be used to provide 
ade q U!<. ta forward via i bi 11 ty for taxiing. 

(2) A minimum of 10° forward visibility over the no•• 
in flight attitude should be providedJ 15° for high speed airorart. Thia 
is measured from the horizontal vi8wing plane of the pilot. 

(3) Visibility in the aft portion of the field of vision 
should be at least 5° below the horizontal viewing plane. 

(4) Lateral portions of the field should provide no l••• 
than ;o0 downward visibility., except wt:ere thia 11 impossible beoause ot 
the struc t'Jre of the wing. 

(5) Structural parts of canopies showld be eliminated 
•• far as possible, oon:n:-ensurate wi tt: s·trene;th and safety. 

(6) Cookpit lights, instruments, ventilation panel 
handles etc., should not protrud8 above tr.e fuselae;e into the tran•• 
paNnt aeotiona. 

- 4 .. 
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TABIE I • • 

Pields ot Vision in Fight.r Airoratt. 

Airoratt Total Field ~ ot • Airoratt Down•rd Vision Downward Vlaim 
Designation or Viaicm Kuill\al 

(Ste rad lane) 
Duigna• Offr Bose O..r lo• 

Pouible tion When Taxiing When Pl7ing 
Field (Degree,) (DegreH) 

P-6, 9.238 13 lle•410 12 below 24 

YP-80A 8.835 70 YP•80A 6 below 9 

Spi tt i re VII 8.787 70 P-38 3 below 8 

Zero e.772 70 P-63 1 below 8 

Flf-190 e.673 ~ Zero 5 aboff 7 

P-47 e.616 69 Spitfire 7 above 5 

P-51B e.5a5 68 P-51D 7 above 6 

P-51D e.456 67 P-4o 8 above 5 

Me-410 s.123 65 FW-190 8 abow 5 

p.40 

P-38 

e.056 64 P-47 11 above 0 

7.74a 61 P-51B 12 above 0 

.,hia 19 oaloulatecl on the buia that the 1111.ltimlllll field of 'fi■ iOJl 
would be a ooJr.plete ■p't-.ere ( 4 !for 12.566 ■teradian1). 

3. De■ign ot Tranaparent S.otion■.--Of equal importanoe 'Id th 
proviaionp for anadequati field or view are the optical propertie1 ot 
the tran1parent aeotion1 t~•~•elff1. Although the optioal quality 
pre•iling in airoratt gl••• and pla■tio1 1• ot primar1 oonoern to 
the unuraoturer ot th••• u•terials, thi1 taotor oannot be divoroecl 
from design oonsideration• beoause of tlw limitation 1n optioal quality 
attainable in both r, lasa and plaetio tranaparenoi••• Thi• limitation 
mu,t be realized and taken into aooount by the designer in order that 
aatiltaotory vision be pouibl• through tlw tranaparent 1eotiona ot tbe 
tin11hed airoratt. 
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•• Frequent oomplainte are reoeind from flying p.r■onmtl 
ab.iut the optical propertiea of the traneparent aateriala behind whioh 
they fly. Pilot• flying the~ airplane 1n1re found to d•v•lop motion 
aioknoaa trom ob■erving undulatio9!)~f thD horison through di1torted 
windaoreena in low level flying.\ In the noH ot tlw early B-17G.' •• 
the oomplex ourn.ture of the no .. and the large angle of lncideno• to 
the front gunner'• lino ot eight resulted in hi• eeoing two target• 
lnatead ot one in oertain direotiona. In other plan••• deviation error■ 
in plaatio turret• oontributed more to the error in the boreeightirig of 
gun• than all other taotora oomblned. The earl7 B-29'• •re originally 
built with ounwd plaatio panel■ 1n the pilot'• oompartznfDt• Theae had 
to be nplaoed with flat glau to reduoe the d iltortlon. (') Unaath• 
taotory reportf

1
qomplaining ot distortion have been reoeiyed tram pilot■ 

flying C-46••• I P-40'•• P-51'• and A-26e'•• Moat of theae oonditlmi• 
can be oorreoted by altering the angle ot the transparent aeotion. ita 
ournture or po■ition. It ho111n•r• they had been antioipated at the 
cl•dgn ■tage. it would haw resulted in a real aaving to the Army Air 
Poroea not only in term■ of dollars and oenta but al■o 1n tenna or inoreaaed 
Ti■ibilit7 tor the air orew. Better viaibility mean■ greater combat 
ettioienoy a.nd reduoed oasualtiea. 

b. The un■atisfaotory oonditiona report.d abow aN gro■• 
dereot■ whloh oan be readily •••n by anyo~• It 11 not generally 
realized• howver. that ewn a1nor defeat, may impair operational 
Tiaibility aeriau,1,. Returning cou.bat pilots often ■tate that the 
taotor ot aupri■e znay &f'feot the reaulta of oorubat to a greater extent 
than the number ot a1roraft, perf oru.anoe and anmurent, and that taking 
the onemy by aupri•• (or avoiding being taqn)by ■uprise) depends on the 
•olearneee ot Yiew• through oookp1t panela.{1 With aodern high ■peed 
airoratt. only a few eeoonda advantage in ■potting enemy aircraft fir■t 
~y mean the difference between combat auooeu and failure. 1'he record 
or thia war is replete with aooounta of allied airoraft and ground inatall
ationa attacked by our g~ planes and of enemy plane■ paeeed by or 
miatakenly identified.(') .Raoognition from a faet moving plane in the . 
air h llJl extru•ly diffioult taak. The differenoea between a Jap Tabby 
and u. s. c-47 (Se• Figure}), Zeke 52 and P-;1, Jaok and Bavy F6F. 
and Takane.mi Clau destroyer and U. S. Fletcher Clan d•stro;yer are 
ftry small and might euily be ob1oured by ■mall amount■ or diltortion 1n 
the windaoreen. 

o. In the •oientifio atudy or transparent ,eotions. it 1• 
neoes■ary to diatinguiah betwaen diaplaoement, deviation and distortion. 

(1) D1aplaoeunt ooours when raye of light pan through & 

pieoe of gl•s• in whioh both ■ide■ are flat and parallel (Figure 4a). 
!he emergent ray 1■ al1111.y■ parallel to the 1no1~ent ray but is dilplaoed 
by ■ome small amount. SiJDple dleplaou::ent 1a too amall an error to be 
of &ny real oon■equenoe. 



-

Engineering D1T. Teoh. Bote 
Se rial !lo. TSEAJ3-2 
7 June 1945 

--

llilZ] ~· 

■ 

Figure ~. 
Airoraft noognitiOD ailhouettea ot a Jap
anese Tabby and US.A.AF Skytrain {C-47). Com
bat noognition often depends on small 
detaila whioh may ••~ily be obscured by 
minor flaws in the windscreen. 
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(2) Deviation oooura whe:11 t:tw two 1urtaou ot th• glaaa 
&ff tlat but not parali.l. In thia oue, t!w _.rgent ray ot light go .. 
ott 1n a ~U'terent direotb n tl"Olll t!w incident ra7 (rigure 41,). It th• 
amount ot non-parallelin 11 great., deviation :may beoOM a ff'rT 1•riou1 
taotor. 'th• efteot ot deviation ta that an objeot, while •••n olearl7, 
1• not aeen whe,- it aotually 11. ' 

C:,) Dbtortion r .. ulta troa th• taot tbat the two eurtaffl 
ot glau are wry .. ldoa abaolute 17 tlat. Raye ot light pa Hing through 
1uoh a pieo• or gla11 ••rge 1n a 11.1aber or dlreotion1 (Figure qa). 
Stralgbt linu and Mlll•Y'• IHD through 1uoh a pieoe of gla11 appear •'97 
and dUtortede 

d. Ce~ ieneral rule• oan be 1tatd regarding •thode ot 
improving 'rlaib111ty through tn.naparent-15> .. otion■ t 

( 1) Glau h bett.er than pla■tlo beoauae it 1a harder 
and leu ea■.117 aoratohed, le more 1tabl• under the influ.noe ot h•t 
and ,train anti has tewr optioal defect• or tlaq. 

(2) Flat HOtion1 an better than oul"ftd eeoticm■, beoau• 
dieplaoement and deviation beo0119 morw 1~Ngular ,men the tran■parent 
Jr.at.rial ·11 oul'ftdJ henoe, diltortlon 18 inorea .. d. 

0) Wherwffr ourwd .. otiona are u1ed, the 1'&411 ot 
ourn.ture ahould be large and the •J9 ot the pilot ahould be olon to 
tba panel. Small radii or ourvatur• ud oom.p1-:ii: oune1 abould be 
avoided. 

(4) ror all typu ot panel■, ••11 •ne;l .. of 1noidenoe 
(glue 111.ore nearly perpendicular to the Un• of sight} are au.oh better 
than large angle■ ot inoideno•• 

•• 4e an 1lluatrat1on ot aoa ot t~ .. prinoiple1., Britilh 
1tudi,u haw 1ho11D µi aotual field te■ia1 that 'rleibU1t'j' through glaH ii 
alway■ better than TidbUity through pla■tio. Large angle■ ot inoiclenoe 
inorea■e thil ditfereno•• A plane whiob oan be •••n a •11• ••1 with 
unob1truoted vision ou be N•n onl7 0.9 ot a aile a•y through a pi•o• 
ot olean glaH at a 70° angle ot inoidezu,e• 0.7 ot a ■11• ••1 thJ'Ough a 
p1eo• of olean plaatio, and 09h 0.5 ot a ail• through a pi•oe or 1oratoh• 
•4 pla■tio at the ,_. a11g1-• \ TI- (J'igflN 5•) 

r. fype 1, Grade "A" gl••• hA1 a deviation or no ■ION thaD 
three ainute, ot aro. t'hia amount• to a deTiation ot only 10 inoh•• at 
1,000 feet or 26 feet at 30,000 feet. the deTiation through the eaM 
pieoe or gla11 at a 70° angle ot inoidenoe -1 &l!lount to over 4 f••t 
at 1,000 teet or 125 feet at 30,000 feet (FiguN 6). Studie1 haw 1hoa 
that in geDeral, a poor pleoe of glau placed perpendioularly to tlw 
line of 1lght 11111.uoh better optically than a very good pieoe of gl••• 
plaoed at a large angle ot inoidenoe. For eDll!ple., a 1twl7 •• made ot 

I 

I 
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Subject>s line 
of sight"' 

/ 
/ 

A
/ 

Ang I e of / O..;lf 

I n c i den ce / 
9 

O 
/ 

(a) 

(C) 

Figur• 4. 

/ 

/ 
/ 

Diagrarr,, ahowing the effeot on light beama of (a) dieplaoennt. 
(b) deviation, and (o) distortion. 
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Figure 5. 

80° 

'lh1■ chart ehow, the loH of range of vi■ion through a plat» gl&H (1), 
olean pla,tio (2) and dirty pla1tio (') wind■oreen at ftrlou■ angle• ot 
lnoldenoe. Ran~ or v1■1on 1a defined aa the greate■t dhtanoe at whioh 
a plane of• oertaln lite oan be ■een on a olear day. Mote that T111b111ty 
1• greatly reduced at angle• ot inoidenoe greater than 40°. 
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20° 40° 60° 
Angle of Incidence 

Figure 6. 

Thi• ourff ■hows the l.lllount by whioh the deviation or rays of light 
paaain~ through a windaoreen is inoreased at various angles of incidence. 
Thia curve is oaloulated for rotation in the direction of wedgines■ • Mote 
that inherent deviations in the glass increase n:arkedly, at angles of inci
dence greater than 4o0 • 
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depth peroeption in whioh the judgl!l8nt1 of depth on the Howard-DolJnall 
apparatus were made with glaa■•• of varying quality set at different 
angles of inoidenoe betwen the aubjeot and the apparatu,. The differenoe 
betwHn the glue ■al'lplea h apparent., but the greatest d11'ferenoe 11 
that which ari ■ea when the glaaa i1 plaoed at angle• of inoidenoe gnater 
than 50° (Figure 7). 

g. The effeot ot various combinations of radii of ounatuN 
and angle• of incidence on the deviation of lines of eight through ourwd 
panela 11 illustrated in Figure a. 

h. It ie important that the oritioal angle of incidence at 
whioh all these defects appear is 55°. Poor depth perception., loss of 
transmiasio~ (Figure 9), decrease in visibility., and increa1e in devia
tion all beoo•- exoeuhe at o.ne;le ■ greater than thia. For thie reason., 
it ia recommended that no tranapaNnt sections ueed for vision during 
taking ott., flying., gun sighting., and landing be ■et at angles of inci
dence greater than 55° if Type I Grade "A" glass or equivalent is used, 
or greater than 35° if flat or ourved panels or Type I Grade "B" quality 
are uaed. It is µnportant to emphasize that these data on loaa of tran1-
mia1ion and deviation in Figures 6.,. 8., and 9 are oaloulated for theoratio
ally perfeot pieoea of glass and are derived from the laws of refrnotion 
and rafleotio'l, 

1. Airoraft desi1nera in this oountry seem to have plaoed the 
greau,st emphaais on aerodynall'io properties and small anterinf pror··, lea 
in the desirn of ~oolcpit enoloaurea and windaoreena. Considerations of 
W8ight have also been given high priority while very little attention 
haa been given to the effeota of these desi~ns on optioal properties. 
The trend appeara to be toward a greater use of plastics inate•d of 
glaa■ , and toward.a the use of ourwd instead of flat panels, eet at 
large angle• of incidenoe. In moat instances, this is the result of 
tendenoy to think of vhibili ty in terms of pre-war or coiru:-eroial 
atandarda. The preoeding sections of this note haw emphasized that 
standards or combat visibility must be very high. It is interesting to 
note that both the Britis~ 'nd Chtrmana appear to be ahead of the u. S, 
designers in thia regard.~5 An analysis of Gernan airorart indioate1 
that in many oases their deBir,nara ohoae to aaorifioe aero-dynamio 
effioienoy to son:e extent in order to provide good visibility. In the 
Me-109F., the aaorifioe# however., amounted to a leoreaae or only 3 mph at 
top •peed. In the B-29, the change fro:c. ourwd to flat{E~n•la re•ulted 
in no detectable change in aero-dynamic oharaoterhtioe , } although 
viaibility •• 1.mprowd markedly. Data auoh •• these suggest the need 
for a reorientation in our attitudea toward tne relative •ight whioh 
ahould be aaaigned to these factor•• 

j. Heoently, tinted plaatio canopies have been installed in 
oertain type• of fighter airoraf't to reduce the amount of radiation 
ooming into the ooolcpit. The infra-red tranamiaaion through all of the 
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Figure 7. 

laoh oune repre1ent1 the average error• of five aubjeot1 who judged 
the Hparation ot t1110 vertical rode eeen through fhe ■ample• of glau,. 
•uple #1 being of very di1torted gl•••• and ,ample #5 being an exception
ally tlawle1a gla11. Hote that although glaaa quality nake1 a differenoe 
in the errors, angles of inoidenoe greater than ~o oontrib,ute muoh mon 
to errors 1n depth pero•ption. 
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Figure a. 

50 

The ourvee ehow the de..;lation of a line of eight puaing through 
perfeot epher1.cr.l aeotione of various radii at angles of inoidence or 30°. 
450, J.Dd 6o0• Noto that the deviation inorea1ea with ealler radii of ourvatu~ 
and larger antlee of inoidonae. A deviation or only 10 minutes of aro 11111ane 
that an object 1.000 feet away will be eeen 3 feet to one aide of it• true 
podtlon. 
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Figure 9• 

These ourvea •how the relative light tranair.lasion (T) and retleotlon 
(R) at va.r\oua angles of inoidenoe for a pieoe or 1/8 inoh plate gl&•• 
la~inated with 0,080 inoh vinyl plastic. Note that light tranamiaaion 
through the . gla•• deo:reaaee and refleotion inoreaaes at large anrlea of 
inoidence. These factors are espeoially important in dim illwr:inationa and 
at night. 
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oanop1•• eX&lllined baa been aa high as through olear or untinted oanopl••• 
A•· a Nault. much leas radiant energy ia eoreened frOlll the oookplt than 
might be expeoted on the baaia of the reduotion in visible radiation 
transmitted. Another, more unfortunate aspeot of the tinted oanopy la 
ita oonaiderable abeorption of light ot the aborter wave-length■ (blue• 
green). Since the dark adopted aye 11 more sensitive to light ot 
1horter wave-length•• a aeriou■ reduotion in night viaual effioieno7 
reault• fr.,m the use of tinted plastic oanopi••• Thia reduction la far 
out of proportion to the actual loea in tran■miasion in daylight, ainoe 
the amount of light involved in night vision la almost infinlte ■1-l 
oomparod to the level, of illumination available for day.viaion. 

4. Provision for lig~t FlyiM• The tinted oanopy turniahu a 
e;ood exar,~ple ot designing or day1.ght conditions to the exclusion of 
considerations or the third visual factor in aircraft designs night 
vhion. • Studies of night aooidents show that airo:-aft, suoh as the 
P-61. design9~ for night flying have a lower night aooident rate than 
other ahip,.\4) Provisions tor night flying may aoreover be inoorporated 
in aircraft intended for day ir.iasion·s Yrithout altering their oharaoterhtio1 
on such m1s3ions, with the advantage that night operations will be muoh 
safer. It will be reoallod t1at one or the reasons tor the superiority 
of glass over plastic is that glaas acratohes less easily. Thia 1• 
particularly important at night sinoe any loss through diffusion ot 
light due to ecretc~ed winr!soreens is much more harirful to night vi■ion 
than to day vision. Another factor in designing for good night vision 
is proper cockpit and instrument illurrination. It 1• important to 
attend to every detail in eliminating nll light not abeolu;t.ly eesential 
to the operatton or the s.irorart. Light leaks must be el1i:.1nated, and 
warning and pilot lights naalced. The essential instruments muat be 
ewnly illumir1ated. and thoee ,.;hich are not o ■ sential should be loi't 
dark. Light sources must be 10 placed that neither they nor the instru
ments tt•y illuminate oauae glare reflection. Flat painta ahould be 
ueed for oookpit interior• ■ A coaming over the instru~~nt panel is often 
helpful in this respect. Internal refleotions may be a aouroe of great 
oonfusion, flyer• often cannot tell whether the lights they He on the 
windaoreen are inside reflcotiona or are outside the airoraft. 

•• Complete control of the illunaination •ust be provid•d 10 
that the brightneea oan be reduced to the point where the inatrwrent 
nrkinba are juat barely legible on the darkest night, and ;yet so that 
it ray be raised to provid• for euy reading at twilight. Greater 
legibility say be aohioved in inat7'Ulllent dials by n:aking the ir.ark1nga 
clearer and eliminating those whioh are unessential. Simplified. 
ooneolidated instrument panels are a neoe1aity for the night flyer. 

b. It 1a •11 known that red, and to a leaser exbnt, orange 
light provide oonaiderable reduotion in the amount of light whioh affeot• 
the night visual 111ecl-ani1nr., without sacrificing legibility. The UH of 
orange fluoresoent dial ~~rkings with ultraviolet light source, adjustable 
ae to lnteneity U probably the best oorr.promise betwen legibility and 
the preaorvation of night vieion. The ultraviolet lamps must be oarefull7 
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plaoed 10 H not to 1hine in the tl19r1• •~•• which would cauN 1'b1Q:re-
1aenct ill the Ory8tall1ne lena. Indirect red lighting •1 alao be uaed 
either without thl ultra'f'iolet or u an aux111ar1 •ouroe. Any light1 
pro'f'ided tor general illumination ot the interior, or ot chart table■, 
eto. muat be red. 

5. Slmllll&ry. The requirementl 1'h1oh :ir.uat be met to prodde ad.equate 
v1aion for air crew n.y then be 1\llmled up ae follow. 

•• Por guneighting tlw mlnill\D angle of viaibllity 1n &D7 
direction ehould not be l••• than the maxbnm angle required for 
aoourate detleotion ehooting. !be dowii•rd vieibility over thl no•• 
whan tlw airoratt is in a ta~ilng poaiti ,n ehould be euoh •• to provide 
a clear new of th• runny diNotl7 ahead at a distance equal to that 
required tor quiak ■topping from nornal taxiing apeed•• Jlat panel, 1n 
tho• areae u1ed for vision 1n taking ott. flying, aiming gun,,. and land
ing ehould be placed at an angle ot inoideno·• no greater than 55° it 
Type I Grade "A• glaa■ or plaatio 11 uaed. C\ll"ffd or fl~t panels or 
Tn- I Grade •s• quality n:ay be u1ed in tho• areae only it the anrl• 
or incidenoe at any point on the tran1parent aeot1on doee not ezoeed 35°. 
Whe:rewr curwd aeotione are used, the radii of cunature should b■ 
large,. and OOlllplex curw■ should be avoided. Orango fluoreeoent inetru
unt marking ehould be emplo,ecl,. in oonjunction with red light for 
genen.1 illWDlaation. 

b. In the ooneideration or the taotors invo.lnd in thl 
deaign of aircraft, oompron:ilea muet be ude. Proper evaluation must be 
put on auoh faotora aa aerodynaic ettioienoy,. •ight, profile and 
aontour1 ooat and viaibili ty. Whatewr juggling 1■ done with other 
problem.a of airoratt deaign, o~ r.quil'fllent oannot bo avoided, adequate 
proTieion for the hwmn being• who tl7 the aireratt. Tremendous ■p .. d, 
great tirep0111tr, ud »•"'7 arm&Nnt uw red.uoed fflue it tb9 airor..-
do not 1ee the tiu•get or Ne it 1n a d htorte.d;·. poli tion. 

Conourrenoe a 
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1 •. To present methods for determining high epeed and ter'tlinal 
veloeity of ~n airplane ~ith ~ompressibility effects considered. 

a. Factual Data 

l. . Appendix l contains a graph of the effect of compre3s1bility 
on airplane drag, Figure 11 and a method of ooi11.puting high speed in level 
tligbt. Thia graph aif'lera allghtl7 from that preaented in Memorandum 
Report imo-51-J.is~, dated ~o July 1943. 

2. Appendix 2 contains a derivation of a method for the dete1·
mination of ·terminal velocity and a graph or t erminal Mach nuI'lber, 
Figure :,, baeed on the data contained in Appendix l. Fi,!ure 2 is an 
extrapolation of Figure l. 

c. Conoluaions 

l. Procedure and curve::iof Appendioes l arxi 2 provide a simple 
determination o! high speed and terllinal velocity of an airplane with 
compressibility effects considered. 
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