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AN INVESTIGATION OF SOME PARAMETERS 
RELATED TO MIDAIR COLLISIONS OF AIRCRAFT* 

SUMMARY 

This report contams an analysts of past mIdaIr coll~smns and a summary of cockplt 
vls”z.1 cutoff angles of some present-day arcraft. The coll,s,on ,nformatmn was obtamed 
from 50 acctdent reports wh,cb were selected from 92 mIdaIr colllsmn mvest,gat,ons covenng 
a penod from 1949 through 1954 Selectmns of the mIdaIr coll,s,on reports were based on 
one prnnary factor, namely, that a relative convergence angle was determmed for the arcraft 
nwolved Analysis of the selected reports shows the angles at whxh the arcraft colhded, the 
altitudes at which the colllsmns occurred, and the proxrrmty of the acc,dents to arports 

A summary of cockpplt v1sua1 cutoff angles ,s given m coqunctmn w,th the colllsmn 
analysis. This summary. showmg averages of horlsontal and vertzcal vx,b,l,ty cutoff angles 
for “ar1ous a,r carr,er, private, and mlhtary arcraft, supports the fmdmgs of the collrsmn 
report analysis. namely, that 

1. The overtakmg of one alrcraft by another has occurred m the majority of midair 
colllslons. 

2 Most arcraft have poor. to no, vlstbrllty ,n the rear humsphere and sermusly lrmrted 
upwuard and downward v,s,on m the forward area 

3 Most mldalr collusions occurred wlthm 5 m&s of an aIrport and more than 50 per cent 
occurred wlthm 1 m,le. 

4 Mare coII~smns occurred at an altitude of 500 feet or below than at all other altitudes 
5. Many of the collrsmns analyzed mvolved convergence angles that placed one or both 

approachmg arcraft beyond the cockplt v1slon lunlts of the other arcraft such that It was 
xnposslble for the p,Iot to see the approachmg aircraft. 

INTRODUCTION 

Prmr to World War II, little thought was devoted to the possrble saturatmn of the 
arrspace. However, the s,tuatmn now 1s completely reversed and the avxatmn mdustry 1s 
cogmeant of the problems arxsmg with Increased air traffic Realmng the magmtude of the 
mtdalr colhsmn problem and the urgency for a solution. the Techmcal Development Center 
of the Clvll Aeronautxs Admmlstratmn at Indmnapol,s started mvestv@rng the various 
factors related to mIdaIr coll~smns as early as 1946.1.2.3.4.5 

*Manuscr,pt subratted for publxatmn September 1957. 

1 George L Plgman and Thomas M. Edwards, “Alrlme PIlot Questmnnalre Study on 
CockpIt Vlstblllty Problems, ” CAA TechnIcal Development Report No. 123. September 1950 

2 Thomas hi. Edwards and Wayne D Howell, “A Study of PIlots’ Eye Movements Durm~ 
Visual Flqht Condltmns,” CAA Tecbmcal Development Report No. 179, June 1952. 

3 
Wayne D Howell and Thomas M Edwards, “Determmatmn of Some Geometrrc 

Relatmnshlps Pertammg to Coll,smn Flxght Paths. I0 CAA Tecbmcal Development Report 
No. 259, June 1955. 

4 
Thomas M. Edwards and Wayne D. Howell, “Recommendatmns on CockpIt-V,s,bllity 

Standards for Transport-Type Aircraft. I’ CAA Techmcal Development Report No. 275. 
February 1956 

5 Wayne D Howell. “Determmatlon of Daytune Conspxmty of Transport AIrcraft,” 
CAA Techmcal Development Report No. 304. April 1957. 
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As addltmnal background and a gude for future antl-colllsmn research. an mvestlgatvm 
of past mtdan acczdents and related parameters. presented m this report. v,as made to 
determme some of the cond,tmns and c,rcumstancer exrstmg at the t,me of m,dalr coll~smns 

ANALYSIS OF MIDAIR ACCIDENT REPORTS 

Procedure 
An analysrs was made of data contamed m 50 mldar accident reports and coll~sron 

analyst charts selected from accident m”est,gatmns durmg the permd from 1949 to 1954 
These mcluded Cl”11 Aeranautxs Board Accident In”est,gatmn Reports, a report prepared by 
the Bureau of Safety In”est,gatmn of the Clnl Aeronautzcs Board6, and CAA Tecbnrcal 
Development Center (TDC) colhsmn analyszs charts Figure 1 1.s a typlcal coll~smn analysts 
chart whxch shows the “lslblllty angles requ,red for the p,lots of each aIrcraft to see the 
other atrcraft at 32 statmns along each flqht path The statmns represent the posttmns 
occupwd by each arcraft at every 10 seconds of elapsed tune prmr to collrsmn 

The primary cons,deratmn of the ,n”est,gatmn covered by this report was the relatrve 
angle af canvergence of fhght paths between arcraft on colhsmn courses Fzfty reports were 
chosen in whxh the angle of canvergence. exther prior to or at the pant of coll~smn. was 
determ,ned durrng the m”est,gat,on of the acadent Followmg the m,tlal selectmn af the accl- 
dents to be studled. the reports and charts were carefully scrutlmeed for the ex,stence of 
passable contrlbutmg factors to the colllsrons. mcludmg weather. “lslbrllty. altztude. and 
prcxmnty to an arport 

The horrzcntal plane was dL”lded ,nto 30’ sectors to s,mpllfy the grouprng of angles 
of canvergence In only a few cases could the headmgs of the collldmg aIrcraft be “enfled 
by sur”l”mg pllots In the ma,o”ty of the call~smns, the headmgs were approxm,atmns derived 
from testn-nony by wztnesses. such as tower operators, aIrport employees. and bystanders. 
and also from flight plans, traffic patterns, recorded a,=-to-ground communwatmns, and by 
mspectmn of the arcraft nwolved Thus, It LS possible that flqht paths were recorded wtth 
headmg devlatmns as much as plus or mlnns 15” “nthm a g,“en 30’ sector 

Dlscussmn 
The accident reports fxrst were analyzed to determme the angle of convergence that 

was the most predommant A summary of separatmn angles mdxates that the greatest 
danger of m,datr call,smns between twa arcraft does not ,n”ol”e the head-on situatmn but 
shows, rather. that the overtakmg e,tuat,on predommates See Fq 2 Dwrdmg the spherical 
space about an alrcraft r,to forward and rearward hemtspheres. and deslgnatmg the forward 
convergence angles as head-on and the rearward angles as overtakmg, about go per cent of 
the accidents then can be classifmd as overtakmg accidents All of the accidents rn th,s 
analysis occurred under “lsual fhght rule (VFR) condltmns Only ahe of the 50 accidents 
occurred ,n mtnlmum VFR condltmns, and 92 per cent occurred m cenlmg and “lslb,lxty 
unlrnlted (CAVU) weather 

The arcraft operatmns mvalved m the accidents of thrs study are classtfred as 
private, air carrwr, and mxlltary The mllrtary aIrcraft are only those mvolved wtth pr,“ate 
and commerc-lal arcraft I,, mIdaIr coll,smns Collrsmns lnvolvlng nu11tary arcraft only 
are not mcluded I” this report The total number of each type mvolved 1s shown I,, F,g 3. 
The greater number of pnvate arrcraft mvolved m mtdar coll~s,ons may be partrally 
explamed by differences ,n the number of each group m emstence. There were approxnately 
40 t,mes as many private arcraft m extstence than a,r carrter type aIrcraft In December 
1955. there were 60,000 active pnvate axcraft, 1,500 axr carrier arcraft, and 40,000 
m111tary arcraft In ex,stence 

The distance relatmnshlp of the acctdents wvlth respect to anports 1s noteworthy 
because af Its snmlarlty to surface transport&on The arport 1s to a,r travel what the 
city 1s to surface travel, that ,s, the focal pant of convergmg trafhc from all dlrectrons 
The proxnnlty relatmnshlp, Fig 4, shows the percentage of accidents by distance from the 
urpart It ~111 be noted that 90 per cent of the mtda,r coll,s,ons occurred w,thm 5 m,les of 
an anport and that 25 per cent af the m,da,r colllsmns occurred o”er or w,tbm the boundary 
llmlts of an anport It also ~111 be noted that 54 per cent af the m,dalr coll~smns I,, th,s 

6 
Cl”ll Aeronauttcs Board. Bureau of Safety Investlgatmn, Analyszs Dlvuron, “Mtd-Air 

Colllslons m U S Cl”tl Flying,” September 21, 1953 
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F,g. 2 Summary of 50 Mlda,r Acc,dent Invest,gat,on Reports for Years 1949 
Through 1954 

analys,s occurred w,th,n 1 mile of an airport W,th thrs in new. ,t ,s conce,vable that over 
50 per cent of the m,da,r coll,s,ons m,ght be prevented through use of an ant,-call,s,on 
means havmg effectiveness over a relat,vely short range 

The alt,tude above terra,,, at wh,ch 42 of the 50 coll,s,ons occurred ,s shown x,, 
Fig 5. E,ght of the 50 accidents happened at alt,tudes undetermmed by the acc,dent ,nves- 
tlgatmn F,gure 5 reveals that 23 acc,de,,ts. or 55 per cent of those whose alt,tudes were 
known. occurred at 500 feet or below The bar chart shows that two coll,s,ons occurred 
above 3000 feet These were more than f,ve m,les from an arport 

F,gvre 6 shows the alt,tudes for 26 of the 27 acc,dents that occurred wtthm 1 m,le 
of an a,rport Twenty-one coll,s,ons of the 27 were at an alt,tude between 5 and 500 feet 
One of the coll,s,ons w,th,n one m,le of an airport was at an undetermmed altitude 

I 

e 

F,g 3 Summary of A,rcraft Involved ,,I 50 M,da,r Acc,de,,t Reports 



F,g 4 Summary of 50 M,da,r Acc,dents’ D,stance Relat,onsh,p (1949 Through 1954) 

P,g 5 Number of Acadents and Alt,tudes of 42 M,da,r Coll,s,ons 
(1949 Through 1954) 



6 



Fig 8 Bnmcular Cockprt Photograph of DC-7 One-Half Degree Nose Down 
Flight Attitude, Photographed from Pilot’s Seat - Normal Eye Level 
46 l/4 Inches Eye Level to Floor and 28 Inches to Wmdshxeld 

SUMMARY OF AIRCRAFT COCKPIT VISUAL CUTOFF ANGLES 

Procedure 
A cockplt “zstblllty study was carned out in connectmn with the mldalr colhsmn 

analysm I,, an effort to determme v,hetber or not there ‘yas any relatmn between past 
callz.mns and the usable and blmd areas of aircraft cackplts -A summary was made of the 
cackplt “,s,b,llty cutoff angles for the three operatmnal types of alrcraft and an average 
“lslon cutoff angle was determmed as well as the maxunum and m~n~murr, angle 

The camera used for this study 1s a brnocular cockpzt vlsibllity camera 7 It has 
two lenses, the spacmg of whxh 1s equal to the average dxtance between the human eyes 
The camera photographxally records the outlmes of the wmdows I,, arrcraft co&p& as 
seen by the pilot It also supermnposes a grid, composed of 5’ mcrements, cm the p~ture 
These nxrements the,, can be counted vertxally and horrmntally from the straight-ahead 
or reference center to gl”e the total vmblllty and cutoff angles ,r, degrees Figure 7 shows 
the camera mstalled in the pllot’s seat of a small smgle-engme amplane. ready for 
phatographmg cockpIt “mblllty 

F,gures 8 and 9 are typxal photographs wh,ch show the “mb,llty from an air carrxer 
and a private arrplane cockplt, respectively The results of the cockpxt “lslblllty summary 
are shown graphically m Figs 10 and 11 

The Lockheed Lodestar amplane has the greatest horizontal “rsrblllty for that type 
of alrcraft, with 152’ left hormntil cutoff and 102’ right horlsontal cutoff angles. for a 
total “lslblllty arc of 254” The Temco Swift amplane dIsplayed the best hor,zontal “mblllty 
of the SIX small smgle-engme-type arcraft studled, wltb a total horzmntal arc of 200’ of 
“rsxb,l,ty from the pllot’s seat. Th,s 1s followed closely by the Ryan Navmn and the Stlnson 
Voyager airplanes 

The forward “ert,cal “ls,blllty cutoff angles for the three classes of arcraft are 
summarmed m F,g. 11 The best above-the-honeon “,s,blllty of the 15 multrengme alrcraft 
1s ,P the Boemg 377, \ulth 45” “,s,blllty, while the best below-the-horxmn wsibihty 1s 16’ 
in both the Martin 202 and the Douglas DC-3 arrplanes In the smgle-engme class. the Stmson 
Voyager offers 45’ above-the-hormon “mblllty wh,le the Cessna 140 wvlth 17” “mblhty has 
the best below-the-horizon “mblhty Frgures 10 and 11 also show cutoff angles for some 
mllrtary aIrcraft Eleven rmlltary airplanes were Involved ,n the accidents studled 

It IS readrly apparent that cl-1 aircraft have very lmnted “mbllity tn the rear 
hemsphere, the area shown to be most vulnerable to coll~smna, and that “mblllty 1~ the for- 
ward hemsphere 1s restricted, especially below the horleontal plane The vertical wsmn 

7 Thomas M Edwards. “Development of an Instrument for Measuring AlrcraH Coclqxt 
Vlstblllty Lnmts,” Technical Development Report No 153, January 1952 
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Fig 9 Bmocular Cackptt Photograph of Navmn Smgle-Engme AIrcraft 
in Level Flight Attitude 

restr,ctmns emphastze the problems wh,ch now confront pllots when two aLrcraft are 
convergIng on clrnbmg or descendmg flight paths These can mvolve flqht path angles up 
to 45” ,.,,th the horrzon A typ,cal sltuatmn 1s shown in F,g 12 Two air transports are 
rnvolved One LS on a level fhght path The other 1s overtakmg the frrst atrcraft and LS 
descendmg Netther pIlot can see the other arcraft because of restrIcted vtslblllty in 
the verttcal plane 

Ftg 10 P&t V~smn Right and Left Aelmuth Cutoff Angles 
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CONCLUSIONS 

1 It 1s ewdent that an overtakmg sltnat,on was prevalent in most of the past m,dalr 
colllslons Forty-two per cent of the acctdents ,n this study resulted from one azrcraft 
directly overtakmg another, end over 80 per cent of the accidents occurred when the 
horrzontal angle between the convergmg fl,ght paths was 90’ or less 

2 The rear hemsphere 1s restrwted vxsually ,n the average c~vll aIrcraft 
3 The ma,orlty of past mlda,r coll,smns occurred wlthm five mrles of en aIrport 

Fifty-four per cent occurred lulthm one mile of an arport 
4 Mtdalr colllsmns are most 1,kely to occur at altxtudes of 3000 feet or less above 

terram Slnty-six per cent of the pest m,da,r coll~smns occurred at altitudes of 1000 
feet or less 

Fig 12 Typxal Coll~smn Condltmn Descendmg Fhght Overtakmg 
Straight and Level Flrght 


