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SUMMARY 

The c h a r a c t e r i s t i c s  of air  t r a f f i c  p a t t e r n s  a t  uncontrol led a i r p o r t s  
and techniques used by a group of g e n e r a l  a v i a t i o n  p i l o t s  i n  landing 
l i g h t  a i r p l a n e s  have been documented. The r e p o r t  con ta ins  t h e  r e s u l t s  of 
some 1600 r ada r  t r a c k s  taken a t  f o u r  uncontrol led a i r p o r t s  and some 600 
landings made by 22 p i l o t s  i n  two, four-place,  s ingle-engine l i g h t  
a i r p l a n e s .  The r e s u l t s  show t h a t  t h e  uncon t ro l l ed  t r a f f i c  p a t t e r n  is 
h igh ly  v a r i a b l e .  The a l t i t u d e s ,  d i s t a n c e s ,  and p i l o t i n g  procedures 
u t i l i z e d  may a f f e c t  t h e  a b i l i t y  f o r  p i l o t s  t o  see-and-avoid i n  t h i s  
environment. 
recommended, r e s u l t i n g  i n  s i g n i f i c a n t  f l o a t i n g  during f la re  and touchdowns 
t h a t  were r e l a t i v e l y  f l a t  and o f t e n  nose-low. 

Most landing approaches were conducted a t  an a i r speed  above 

INTRODUCTION 

The Nat ional  Aeronautics and Space Adminis t ra t ion has  undertaken 
r e sea rch  programs t o  document t h e  p r a c t i c e s  used by g e n e r a l  aviat ior?  
p i l o t s  i n  t h e  t r a f f i c  p a t t e r n  and du r ing  f i n a l  approach and landing.  
These e f f o r t s  were prompted by t h e  gene ra l  a v i a t i o n  safety records 
r e f l e c t e d  i n  acc iden t  summary r e p o r t s ,  r e f e r e n c e  1, and mid-air c o l l i s i o n  
r e p o r t s ,  r e f e rences  2, 3, and 4. These r e p o r t s  i n d i c a t e  t h a t  t he  most 
f r equen t  acc iden t s ,  under v i s u a l  f l i g h t  r u l e s  (VFR), occur a t  t h e  a i r p o r t  
during t h e  approach and landing of s ingle-engine l i g h t  p l anes  flown f o r  
pleasure.  Add i t iona l ly ,  most mid-air c o l l i s i o n s  occur i n  t h e  t r a f f i c  
p a t t e r n  a t  uncontrol led a i r p o r t s  on f i n a l  approach and involve l ack  of 
adherence t o  proper p a t t e r n  procedures and f a i l u r e  of p i l o t s  t o  see-and- 
avoid.  The v a s t  ma jo r i ty  of a l l  a c c i d e n t s  are at t r iDUted t o  t h e  p i l o t ,  
as the  cause o r  a f a c t o r  c o n t r i b u t i n g  t o  t h e  acc iden t .  

For t h e  a i r  t r a f f i c  p a t t e r n  s t u d i e s  a t r ack ing  radar system was used 
t o  measure and record t h e  posi t ion-t ime h i s t o r i e s  of gene ra l  a v i a t i o n  
a i r p l a n e s  on p a t t e r n  e n t r y  and i n  t h e  p a t t e r n  l e g s .  Data were c o l l e c t e d  
a t  f o u r  uncontrol led a i r p o r t s  each having a d i f f e r e n t  environment and 
p a t t e r n  procedures.  
a t  t h e  las t  a i r p o r t  v i s i t e d  using two rada r  systems. For each radar  

Airplane s e p a r a t i o n  d a t a  i n  t he  p a t t e r n  was measured 
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t r ack ,  t h e  runway, type a i r p l a n e ,  s u r f a c e  winds, barometr ic  p re s su re ,  
v i s i b i l i t y ,  and cloud c e i l i n g s  were a l s o  recorded.  Approximately 1400 
i n d i v i d u a l  r ada r  t r a c k s  were taken t o  d e f i n e  a i r  t r a f f i c  p a t t e r n  cha rac t e r -  
istics and 200 r ada r  t r a c k s  taken t o  d e f i n e  normal gene ra l  a v i a t i o n  
s e p a r a t i o n  p r a c t i c e s .  Pre l iminary  r e s u l t s  of t h e  a i r  t r a f f i c  p a t t e r n  
s t u d i e s  were repor ted  i n  r e fe rence  5. 

Two modern, four-place,  s ingle-engine l i g h t  a i r p l a n e s  (a low-wing 
and a high-wing) were l eased  from a fixed-based ope ra to r  (FBO) and i n s t r u -  
mented t o  o b t a i n  f i n a l  approach and landing  performance d a t a .  
22 gene ra l  a v i a t i o n  p i l o t s  wi th  va r ious  backgrounds and exper ience  was 
provided by t h e  FBO t o  perform a series of landings  on a long runway 
(1524 m - 5000 f t )  and a s h o r t  runway (762 m - 2500 f t ) .  Approach and 
landing  d a t a  were c o l l e c t e d  using t h e  instrumented a i r c r a f t  and a ground 
tracking system f o r  approximately 150 landings  of each a i r p l a n e  a t  each 
runway. 
of t h e  equipment p r i o r  t o  p a r t i c i p a t i n g  i n  t h e  program. 
asked t o  t u r n  on t h e  a i r b o r n e  d a t a  system j u s t  p r i o r  t o  f i n a l  approach 
and t o  make normal landings  based on t h e i r  t r a i n i n g  and experience.  Each 
p i l o t  was scheduled t o  make a maximum of s i x  landings  i n  one day on one 
runway. To a l l e v i a t e  L r a f f i c  c o n j e s t i o n  on the  long runway, touch-and-go 
landings  wi th  a s i g n i f i c a n t  ground r o l l  were permi t ted .  
t h e  s h o r t  runway were completed t o  a f u l l  s top .  
t h e  low-wing a i r c r a f t  phase of t h e  approach and landing  s tudy  were presented  
i n  r e fe rence  6. 

A cadre  of 

A l l  p i l o t s  were b r i e f e d  on t h e  purpose of t h e  s tudy  and o p e r a t i o n  
P i l o t s  were 

A l l  l andings  on 
Pre l iminary  results of 

TEST EQUIPMENT 

A i r  t r a f f i c  p a t t e r n  measurements i n  t h e  uncont ro l led  a i r p o r t  environ- 
ment were made u t i l i z i n g  t h e  MI'S-19 t r a c k i n g  r ada r  s y s t s ,  f i g u r e  1. 
Posi t ion-t ime h i s t o r i e s  of a r r i v i n g  a i r p l a n e s  were recorded (iii magnetic 
t ape  a t  one sample-per-second. 
which included a c t i v e  runway, type a i r p l a n e ,  s u r f a c e  wind, c e i l i n g  and 
v i s i b i l i t y  da ta .  
l anding  runway and para l laxed  t o  t h e  landing  runway th re sho ld  t o  create a 
normalized runway re ferenced  coord ina te  s y s t e m  which permi ts  d i r e c t  
comparison of p a t t e r n  l e g s  a t  each a i r p o r t .  During d a t a  reduct ion ,  
ope ra to r  l og  d a t a  were combined wi th  each t r a c k  and s t o r e d  on computer 
d i s c  f i l e s  f o r  r e t r i e v a l  and a n a l y s i s .  P o s i t i o n  accuracy of t h e  r a d a r  
system is +, 9.5 m (10 yds) RMS i n  range and +_ 1 m i l  RMS i n  angles .  

Opera tors  maintained a log  of each t r a c k  

Radar d a t a  were r o t a t e d  t o  t h e  magnetic bear ing  of t h e  

F i n a l  approach and landing d a t a  were obtained us ing  two instrumented 
a i r p l a n e s ,  f i g u r e  2, and a ground t r ack ing  system, f i g u r e  3. Both a i r p l a n e s ,  
widely used i n  gene ra l  a v i a t i o n  p r i v a t e  f l y i n g ,  were leased  from an FBO 
and instrumented t o  measure and record 2 1  d i f f e r e n t  f l i g h t  parameters ,  
inc luding  a i r speed ,  p i t c h  a t t i t u d e ,  f l a p  p o s i t i o n ,  and a l t i t u d e .  Modifi- 
c a t i o n s  t o  t h e  a i r p l a n e s  included a tes t  boom on t h e  l e f t  wing t i p  t o  
measure a i r speed ,  ang le  of a t t a c k  and ang le  of s i d e s l i p ;  c o n t r o l  swi tches  



on the instrument panel; and an instrumentation package located aft of 
the pilot’s seat. 
the test airplanes approPimately 06.2 kilograms (190 pounds). Both 
airplanes were flight tested by NASA research pilots before and after 
modification with the determination that the instrumentation had a 
negligible effect on the airplane handling characteristics. 

The airborne data system increased the basic weight of 

The ground tracking system was used to obtain the flight path and 
touchdown data with respect to the runway. 
a 16-mm motion picture camera and a 3.05 m (10 ft) high by 67.0 m (220 
ft) long photographic grid. The grid consisted of a series of vertical 
and horizontal plastic strips which formed squares of 0.6 m ( 2  ft) on a 
side within the grid frame. Normal photogrammetric techniques were used 
tc obtain the trajectory data from the motion picture film. 
were assumed to be aligned with the runway center line for photographic 
analysis. 
tracking accuracy of - + 0.3 m (2 1 ft) or less. 

This system was comprised of 

The airplanes 

A field survey of a typical grid installation indicated a 

AIRPORTS AND RUNWAYS 

The location of the airports where data was taken during these 
studies are shown in figure 4. 
at Salisbury-Wicomico (SBY), Gaithersburg ( G A I ) ,  Hyde (HYD), and Manassas 
(MAN) airports. Approach and landing data were collected at Hummel and 
Patrick Henry airports. 

Air traffic pattern data were collected 

The Salisbury-Wicomico airport is located near Salishry, Maryland, 
in a rural, low density traffic environment and has an airport elevation 
of 15.5 m (51 ft) above mean-sea-level (MSL), traffic pattern altitude 
(TPA) of 244 m (800 ft) , three 1524 m (5000 f t) runways, an FAA Blight 
Service Station (FSS), VOR facility, commuter service, active flight 
school, airplane maintenance and service facilities, and approximately 
25,000 operations per year of which one-third are estimated to be twin- 
engine aircraft. The Gaithersburg, Maryland, airport is located in a 
high density traffic environment north of the Washington, D.C., Terminal 
Control Area (TCA) and has an airport elevation of 165 m (540 ft) MSL, 
TPA of 183 m (600 ft), one 960 m (3150 ft) runway, right-hand pattern for 
runway 31, active flight school, significant airplane maintenance facilities, 
large number of resident private and corporate airplanes, and operations 
estimated at 50,000 per year of which 09% are single-engine airplanes. 
The Hyde airport is located near Clinton, Maryland, beneath the 457 m 
(1500 ft) floor of the Washington, D.C., TCA whose surface boundaries 
north, east, and west require all VFR traffic to enter from a south to 
southwest direction. 
TPA of 244 m (800 ft), two runways -.one of 976 m (3200 ft) and one of 
640 m (2100 ft), another uncontrolled airport located approximately 1.5 
n. mi. to the west, local pattern procedures which specify upwind pattern 

The airport has an elevation of 76 m (249 ft) MSL, 
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l e g  e n t r y  f o r  runways 5 and 31, a c t i v e  f l i g h t  s choo l  and f l y i n g  c lub ,  
l a r g e  number of r e s i d e n t  a i r p l a n e s ,  s e r v i c e  and maintenance f a c i l i t i e s ,  
and ope ra t ions  est imated a t  25,000 pe r  year  of which 94% are s i n g l e -  
engine a i r p l a n e s .  The Manassas, V i r g i n i a ,  (MAN) a i r p o r t  is loca ted  west 
of t h e  Washington, D.C., TCA i n  a r e l a t i v e l y  low d e n s i t y  t r a f f i c  environment 
and has  an e l e v a t i o n  of 57 m (186 f t ) ,  TPA of 244 m (800 f t ) ,  one 1128 m 
(3700 f t )  runway, commuter service, f l i g h t  school ,  s e r v i c e  and maintenance 
f a c i l i t i e s ,  l a r g c  number of r e s i d e n t  a i r p l a n e s  and ope ra t ions  est imated 
a t  25-35,000 per  year .  

A2proach and landing d a t a  f o r  a long runway of 1524 m (5000 f t )  were 
c o l l e c t e d  on runway 2 and LO a t  t h e  P a t r i c k  Henry a i r p o r t  i n  Newport 
News, V i rg in i a .  The e l e v a t i a n  of t h e  a i r p o r t  is 12.5 m ( 4 1  f t )  MSL and 
c o n t r o l l e d  t r a f f i c  a t  t h e  a i r ? o r t  w a s  very heavy a t  times n e c e s s i t a t i n g  
extended downwind and long s t r a i g h t - i n  f i n a l  approach l e g s .  
runway a i r p o r t ,  Hummel, l oca t ed  near  Saluda, V i rg in i a ,  is a small uncon- 
t r o l l e d  a i r p o r t  w i t h  a n  e l e v a t i o n  of 9 . 1  m (30 f t )  s e rv ing  a r u r a l  area. 
A l l  landings were made on runway 18 which is  762 m (2500 f t )  long. F i n a l  
approach t o  t h e  runway is over  water with a tree l i n e  approximately one- 
q u a r t e r  of a n i l e  from th resho ld .  The a i r p o r t  had very l i g h t  t r a f f i c ;  
consequently,  t h e  t e s t  s u b j e c t s  could f l y  t h e  p a t t e r n  without  i n t e r f e r e n c e .  

The s h o r t  

RESTJLTS AND DISCUSSIONS 

The r e su l t s  of t h e  uncontrol led a i r  t r a f f i c  p a t t e r n  rreasurements 
s tudy  are based on a t o t a l  of 1409 i n d i v i d u a l  r ada r  t r a c k s  a t  t h r e e  
a i r p o r t s  and 208 rada r  t r a c k s  of a i r p l a n e  s e p a r a t i o n  d i s t a n c e  a t  one 
a i r p o r t .  Of t h e  i n d i v i d u a l  t r a c k s  obtained approximately 83% were s i n g l e -  
engine a i r p l a n e s  and 1 7 %  were twin-engine a i r p l a n e s .  The resu l t s  of t h e  
approach and landing performance s tudy covers a t o t a l  of 616 landings 
made by both a i r p l a n e s  a t  both runways. A t o t a l  of 299 landings (144 
long runway, 155 s h o r t  runway) were made i n  t h e  low-wing a i r p l a n e  and 307 
(163 long runway, 154 s h o r t  runway) were made i n  t h e  high-wing a i r p l a n e .  

Uncontrolled A i r  T r a f f i c  P a t t e r n  

The gene ra l ly  recognized s tandard uncontrol led a i r  t r a f f i c  p a t t e r n  
is cha rac t e r i zed  by e n t r y  t o  the downwind l e g  a t  a 45-degree ang le  a t  a 
244 m (800 f t )  a l t i t u d e  above ground l e v e l  (AGL) and " lef t -hand" t u r n s  
from downwind t o  base and base t o  f i n a l  l e g s ,  r e f e rence  7 .  A d i f f e r e n t  
pa t te rn  may be adopted a t  an i n d i v i d u a l  a i r p o r t  t o  avoid a l o c a l  problem. 
Two of the a i r p o r t s  had l o c a l  v a r i a t i o n s  from the  s t anda rd  p a t t e r n .  HYD 
has  a l o c a l  procedure of an upwind p a t t e r n  l e g  e n t r y  f o r  runways 31 and 
5. GAT has a l o c a l  p a t t e r n  a l t i t u d e  of 183 m (600 f t )  and a right-hand 
p a t t e r n  f u r  runway 31. A t  t he  time t r a f f i c  measurements were conducted 
t h e  FAA had issued NPRM 71-20, "Operations a t  A i rpo r t s  Without Control 
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Towers," which proposed a new uncontrol led t r a f f i c  p a t t e r n  concept,  
f i g u r e  5 .  FSS personnel  a t  S B Y  encouraged l o c a l  p i l o t s  t o  t r y  o u t  t h i s  
proposal  during t h e  pe r iod  a i r  t r a f f i c  measurements were conducted. 

P a t t e r n  Entry 

The l a c k  of adherence t o  p a t t e r n  e n t r y  procedures i s  a p o s s i b l e  
cause of mid-air c o l l i s i o n s .  
t o  determine t h e  v a r i a t i o n s  from l o c a l  procedure.  The r e s u l t s  of t h i s  
a n a l y s i s  f o r  a r r i v i n g  a i r p l a n e s ,  f i g u r e  6,  i l l u s t r a t e s  t h e  v a r i a t i o n s  
from l o c a l  p a t t e r n  e n t r y  procedure. 
ment of G A I ,  adherence t o  t h e  pat tern procedure was s i g n i f i c a n t l y  b e t t e r  
than e i t h e r  HYD o r  S B Y .  
6 t% f o r  upwind runways a t  HYD, and 11% a t  GAI  of t h e  a r r i v i n g  t r a f f i c  d i d  
no t  adhere t o  t h e  l o c a l  p a t t e r n  e n t r y  procedure. Normal l e f t -  and r i g h t -  
hand t r a f f i c  e n t e r i n g  downwind a t  G A I  a r e  shown a s  a right-hand e n t r y  on 
f i g u r e  6 t o  i l l u s t r a t e  d e v i a t i o n s  from t h e  s t anda rd .  A t  GAI  2% of t h e  
t r a f f i c  f a i l e d  t o  recognize the  right-hand p a t t e r n  e s t a b l i s h e d  f o r  runway 
31 and used a left-hand approach oppos i t e  t o  l o c a l  pa t te rn .  A t  SBY 4% of 
t h e  t r a f f i c  used a right-hand base e n t r y  oppos i t e  t o  t h e  lef t -hand 
p a t  t e r n .  

The pa t te rn  l e g  e n t r y  l o c a t i o n s  were examined 

I n  t h e  higher  t r a f f i c  d e n s i t y  environ- 

Approximately 51% at  S B Y ,  12% f o r  downwind and 

P a t t e r n  Leg D i s t r i b u t i o n s  

I n  a d d i t i o n  t o  t h e  v a r i a t i o n  i n  p a t t e r n  e n t r y  l o c a t i o n ,  t h e  d i s t a n c e  
and a l t i t u d e  v a r i a t i o n s  w i t h i n  t h e  p a t t e r n  l e g s  may i n c r e a s e  t h e  p i l o t ' s  
see-and-avoid problem. The ground t r a c k  d i s t r i b u t i o n s  observed i n  t h e  
p a t t e r n  l e g s  a t  S B Y  and HYD, f i g u r e  7 ,  i l l u s t r a t e  t h i s  v a r i a t i o n  between 
a low d e n s i t y  ( S B Y )  and high d e n s i t y  (HYD) environment. Another f a c t o r  
a f f e c t i n g  t h i s  d i f f e r e n c e  is t h a t  S B Y ' s  t r a f f i c  was 33% twin-engine as 
compared t o  only 6% twin-engine t r a f z i c  of HYD. I n  e i t h e r  case ,  t h e  
p a t t e r n  l e g s  a r e  wide and extend from a few t e n t h s  of a n a u t i c a l  mile o u t  
t o  g r e a t e r  than 1.5 n. m i .  from t h e  runxay. General a v i a t i o n  p i l o t s  
should expect  c o n f l i c t i n g  t r a f f i c  a t  d i s t a n c e s  up t o  s e v e r a l  n a u t i c a l  
miles when e n t e r i n g  a n  uncontrol led t r a f f i c  p a t t e r n .  The LJmulative 
d i s t r i b u t i o n s  of d i s t a n c e  f o r  t h e  downwind, base and f i n a l  p a t t e r n  l e g s  
are sham i n  f i g u r e  8. Th i s  f i g u r e  f u r t h e r  i l l u s t r a t e s  t h e  d i f f e r e n c e  
between H Y D ' s  cons t r a ined  environment and S B Y .  Conversely, t he  downwind 
cumulative d i s t r i b u t i o n ,  f i g u r e  8a, for S B Y  and G A I ,  which has  twice t h e  
t r a f f i c  of S B Y ,  are e s s e n t i a l l y  t h e  same ou t  t o  the  median pa t te rn  d i s t a n c e .  
The divergence beyond t h e  median f o r  t h e  SBY and G A I  suggest  t h a t  t h i s  
p o r t i o n  of t h e  d i s t r i b u t i o n  may be a r e s u l t  of t h e  twin-engine t r a f f i c  
percentage of 33% a t  S B Y  and 11% at  G A I .  On base and f i n a l  l e g s  l i t t l e  
d i f f e r e n c e  i n  the  cumulative d i s t r i b u t i o n  is shown up t o  t h e  97% l e v e l ,  
f i g u r e  8b and 8c. 
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T r a f f i c  P a t t e r n  A l t i t u d e  V a r i a t i o n  

A f a c t o r  which may s e r i o u s l y  i n f l u e n c e  a p i l o t ' s  a b i l i t y  t o  d e t e c t  
another a i r p l a n e  i s  adherence t o  the  e s t a b l i s h e d  TPA. The cumulative 
d i s t r i b u t i o n s  of t he  average a l t i t u d e  f o r  a l l  t r a f f i c  a t  each a i r p o r t  on 

E om t e downwind TPA of 183 m (600 f t )  a t  GAI  and 244 m (800 f t )  a t  HYD n nd SB is shown i n  f i g u r e  9a. Less than 1% of t h e  t r a f f i c  observed on 
downwind is below an a l t i t u d e  of approximately 122 m (400 f t ) .  
f i g u r e  a l s o  i l l u s t r a t e s  t h a t  99% of t h e  t r a f f i c  on downwind f o r  GAI  and 
HYD was below 305 m (1000 f t )  and a t  SBY was below 430 m (1410 f t ) .  
Var i a t ions  of a t  least  183 m (600 f t )  o r  g r e a t e r  i n  t h e  TPA flown are 
shown a t  a l l  a i r p o r t s .  A t  HYD and SBY where  t h e  TPA was 244 m (800 f t ) ,  
g r e a t e r  than 65% (SBY) and 90% (HYD) of t h e  t r a f f i c  was below t h i s  a l t i t u d e  
on downwind l e g .  
equal  t o  t h e  s p e c i f i e d  TPA, i n d i c a t i n g  t h a t  183 m (600 f t )  may be  t h e  
more n a t u r a l  p a t t e r n  a l t i t u d e .  I n  r e f e r e n c e  8, p i l o t s  overwhelmingly 
ind ica t ed  they p r e f e r r e d  a TPA of 244 m (800 f t )  o r  305 m (1000 f t ) .  
Most p i l o t s  (95%) i n d i c a t e d  they d i d  no t  d e v i a t e  from t h e  TPA more than 
45.6 m (150 f t ) , s u b s t a n t i a l l y  less than was a c t u a l l y  observed. The s i g n i f i -  
cant  a l t i t u d e  v a r i a t i o n s  on downwind l e g  are continued through base and 
f i n a l  l e g s  as shown on f i g u r e s  9b and 9c. 
l e g  were taken a t  a d i s t a n c e  g r e a t e r  than 762 m (2500 f t )  from t h e  runway 
threshold.  

ind,  base and f i n a l  l e g s  are compared i n  f i g u r e  9. The v a r i a t i o n  

This  

I n  comparison t h e  GAT media; a l t i t u d e  i s  e s s e n t i a l l y  

Most d a t a  shown f o r  t h e  f i n a l  

Croswind Leg 

Departure a i r p l a n e s  may pas s  through p o r t i o n s  of t h e  crosswind l e g  
c r e a t i n g  p o t e n t i a l  mid-air c o l l i s i o n  (MAC) s i t u a t i o n .  This  is i l l u s t r a t e d  
by f i g u r e  20 which shows a c r o s s  s e c t i o n  of a b i v a r i a t e  log-normal d i s t r i -  
bu t ion  of t h e  crosswind l e g  a t  SBY and t y p i c a l  d e p a r t u r e  pa ths  of a 
single-engine and twin-engine a i r p l a n e .  The c o n f l i c t  between depa r t ing  
and a r r i v i n g  a i r p l a n e s  has  been recognized. The la tes t  FAA Advisory 
C i r c u l a r  AC 90-60 "Recommended Standard T r a f f i c  P a t t e r n s  f o r  A i r l i n e  
Operations a t  Uncontrolled Airports", r e f e r e n c e  9 ,  recommends t h a t  a 
downwind e n t r y  mid-point of t h e  runway be used and e s t a b l i s h e d  s p e c i f i c  
depa r tu re  procedures t c  minimize c o n f l i c t  w i th  t r a f f i c  using t h e  crosswind 
l eg .  A t  a i r p o r t s  where a crosswind p a t t e r n  l e g  is  u t i l i z e d ,  s p e c i f i c  
procedures are needed f o r  a r r i v a l  and touch-and-go t r a f f i c .  

Type of A i r c r a f t  

A comparison of t he  mean d i s t a n c e  and a l t i t u d e  f o r  s ingle-engine 
high-wing (SEHW) , single-engine low-wing (SELW) , and twin-engine ( T W I N )  
a i r p l a n e s  a t  SBY i s  shown i n  f i g u r e  11. The mean p a t t e r n  d i s t a n c e ,  
f i g u r e  l l a ,  of t h e  SEHW a i r p l a n e s  Is approximately 0.2 n. m i .  less than 
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SELW a i r p l a n e s ,  and up t o  0.5 n. m i .  less than TWINS on base l e g .  TWINS 
were a l s o  found t o  f l y  above SEHW and SELW a i r p l a n e s  on a l l  p a t t e r n  l egs ,  
f i g u r e  l l b ,  except  base and f i n a l  where TWINS t r a n s i t i o n e d  t o  t h e  lowest 
mean a l t i t u d e .  I n  the  higher  d e n s i t y  environment of G A I  and HYD, t h e  
d i f f e r e n c e  i n  the  mean p a t t e r n  l e g  d i s t a n c e  and a l t i t u d e  was found t o  
have e s s e n t i a l l y  the  same c h a r a c t e r i s t i c s .  

I n  gene ra l  SEHW a iyp lanes  f l y  c l o s e r  t o  t h e  runt. y and higher  than 
SELW a i r p l a n e s .  TWIN a i r p l a n e s  f l y  h ighe r  and f u r t h e r  from the  runway 
than S E N  and SELW, except on base and f i n a l  where they have t r a n s i t i o n e d  
t o  a lower mean a l t i t u d e .  

Closure Rate 

Since a l l  t r a f f i c  gene ra l ly  occupies t h e  same a i r s p a c e  i n  t h e  un- 
c o n t r o l l e d  a i r  t r a f f i c  p a t t e r n  environment, c l o s u r e  rates between a i r p l a n e s  
whose p i l o t s  f a i l  t o  see t h e  o t h e r  becomes an important cons ide ra t ion  i n  
the  development of any systems s o l u t i o n  t o  t h e  mid-air c o l l i s i o n  (MAC) 
problem. The average cumulative h o r i z o n t a l  and v e r t i c a l  c l o s u r e  rates i n  
t h e  t r a f f i c  p a t t e r n  were determined f o r  G A I  and HYD, f i g u r e  1 2 .  The 
median c l o s u r e  ra te  between a i r p l a n e s  expected i n  a t y p i c a l  gene ra l  
a v i a t i o n  uncontrol led t r a f f i c  p a t t e r n  is 18 knots  h o r i z o n t a l l y  and 1.3 m/sec 
(258 f t /min )  v e r t i c a l l y .  
environment w i t h i n  t h e  p a t t e r n  l e g s  should not exceed 85 knots  and 5.4 m/sec 
(1,068 f t /min )  more than 2% of t he  time. I f  turbo-prop powered twin- 
engine a i r p l a n e s  u s e  t he  environment, such as the  case  a t  SBY, t he  average 
c l o s u r e  ra te  i n  t h e  p a t t e r n  l e g s  w i l l  be inc reased .  For  SBY, t he  median 
h o r i z o n t a l  c l o s u r e  rate was found t o  be approximately 45 knots  and ex- 
ceeded 144  knots  2% of the  t i m e  - a s i g n i f i c a n t  i n c r e a s e  over t h e  peak 
rates f o r  HYD and G A I .  V e r t i c a l  c l o s u r e  r a t e s  a l s o  increased t o  a median 
of 1.9 mlsec (375 f t l m i n )  and exceeded 7 . 3  mlsec (1437 f t l m i n )  2% of t he  
time. The p o s s i b l e  c l o s u r e  r a t e s  during and p r i o r  t o  pat ,ern e n t r y  a r e  
even higher  and exceed 360 knots i n  t h e  SBY environment. Closure r a t e s  
determine how f a r  i n  advance of a MAC t h a t  a warning m u s t  be i s sued .  To 
provide a 20-second warning time a t  a 360 knot c l o s u r e  r a t e  would r e q u i r e  
i s s u i n g  the warning when the  a i r p l a n e s  were separated by g r e a t e r  thar. 2 
n. m i .  I t  is not considered unusual t o  have s e v e r a l  a i r p l a n e s  with 
s e p a r a t i o n s  of less than 2 n. m i .  a t  r e l a t i v e l y  high c l o s u r e  r a t e s  i n  a 
high d e n s i t y  uncontrol led a i r p o r t  t r a f f i c  a r e a .  

Peak c l o s u r e  rates i n  a t y p i c a l  gene ra l  a v i a t i o n  

Separat ion Distance 

Another f a c t o r  which may a f f e c t  MAC systems performance and required 
accuracy is t h e  normal s e p a r a t i o n  d i s t a n c e s  used by gene ra l  a v i a t i o n  
p i l o t s  i n  t h e  uncontrol led t r a f f i c  pa t t e rn :  I n  r e f e rence  8 ,  p i l o t s  
i nd ica t ed  they used an average of approximately 1 n .  m i .  s e p a r a t i o n  i n  
the  t r a f f i c  p a t t e r n .  The a c t u a l  s e p a r a t i o n  d i s t a n c e s  measured a t  a t y p i c a l  
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uncont ro l led  a i r p o r t  were g e n e r a l l y  less than 1 n. m i .  Th is  is i l l u s t r a t e d  
by f i g u r e  13 i n  which a t y p i c a l  s e p a r a t i o n  t r a c k  shows much l e s s  s e p a r a t i o n  
than  1 n. m i .  I n  f a c t ,  t h e  minimum seDarat ion d i s t a n c e  f o r  a number of 
tracks was less than  0 . 1  n. m i .  dur ing a portio.1 of t h e  t r a c k .  The 
c u a u l a t i v e  d i s t r i b u t i o n s  of t h e  average s e p a r a t i o n  d i s t a n c e  and t h e  
minimum d i s t a n c e  observed f o r  each t r a c k  a r e  shown i n  f i g u r e  14. The 
median average s e p a r a t i o n  d i s t a n c e  f o r  each p a i r  of a i r c r a f t  t r a c k s  was 
found t o  b e  0.73 n. m i . ;  however, a s i g n i f i c a n t  percentage (16%) u s e d  an  
average s e p a r a t i o n  of less than  0.5 n.  m i .  ?he median minimum s e p a r a t i o n  
d i s t a n c e  observed f o r  each p a i r  of t r a c k s  w:.s found t o  be 0.49 n. m i .  arid 
10% of t h e  a i r c r a f t  c losed  t o  less than 0.7 n. m i .  The s e p a r a t i o n  d i s t a n c e s  
observed t l l u s t r a t e  t h a t  g e n e r a l  a v i a t i o n  - ) i l o t s  o f t e n  use s e p a r a t i o n s  i n  
t h e  uncont ro l led  t r a f f i c  p a t t e r n  t h a t  are  extremely c l o s e .  

F i n a l  Approach T r a j e c t o r i e s  

F i n a l  approach t r a j e c t o r i e s ,  g e n e r a l l y ,  show cons iderable  v a r i a t i o n  
from s t a b i l i z e d ,  s teady  f l i g h t  paths .  P r o f i l e s  of t h e  f i n a l  approach 
trajectories f o r  t h e  high-wing a i r p l a n e  a t  t h e  long runway a r e  presented 
i n  f i g u r e  15. Included i n  t h e  f i g u r e  are t h e  median and t h e  5- t o  95- 
p e r c e n t i l e  spread of t h e  d a t a  f o r  t he  h e i g h t  of the a i r p l a n e  a t  t h e  
threshold  and t h e  touchdown d i s t a n c e  from t h e  threshold .  For re ference ,  
3' and 6' s l o p e s  passing through t h ?  median he ight  a t  t h e  threshold  a r e  
included . 

For both aArplanes a t  both runways thg average f l i g h t  pa th  angle  

t o  14' during p o r t i o n s  gf t h e  
ranged from 4.7 
i n d i v i d u a l  f l i g h t  pa ths  ranging from 1 
approaches. The average f l i g h t  path angle  was approximately 1 s t e e p e r  
a t  t h e  s h o r t  runway than a t  the long runway. 

a t  t h e  long runway t 0 ~ 6 . 1  a t  t h e  s h o r t  runway wi th  

The median he ight  a t  t h e  threshold was lower f o r  t he  low-wing a i r p l a n e  
thar? f o r  t he  high-wing airplai .2  a t  both runways. Howcver, both a t r p l a n e s  
were brought !n lower over t he  threshold a t  t h e  s h o r t  runway t_ha!i a t  t h e  
long runway, even though t h e  average f l i g h t  path angle  was approximately 
1 s t e e p e r .  0 

The median touchdown d i s t a n c e  was i n  d i r e c t  r e l a t i o n  t o  t h e  median 
he ight  of t h e  r e s p e c t i v e  a i r p l a n e s  a t  t h e  threshold .  That i s ,  the lower 
t h e  median h e i g h t  a t  t h e  threshold  the  c l ~ .  -t.>r the  median touchdown was t o  
t h e  threshold .  The median touchdown d i s t a n c e  f o r  both a i r p l a n e s  a t  b o t h  
runways was w i t h i n  t h e  f i rs t  t h i r d  of t h e  runway, b u t  we l l  beyond the  
runway des igna t ion  numbers j u s t  past  t h e  th reshold .  The median touchdown 
f o r  both a i r p l a n e s  a t  both runways ranged from 10 percent  t o  16 percent  
of th, runway l eng th .  
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F i n a l  Approach Airspeed 

The averag? f i n a l  approach a i r speed  and t h e  average f l a p  d e f l e c t i o n  
measured a t  5-second i n t e r v a l s  f o r  t h e  60-second per iod p r i o r  t o  touchdown 
are presented i n  f i g u r e  16 f o r  t h e  high-wing a i r p l a n e  a t  boch runways. 
Also included i n  the f i g u r e  are re fe rence  approach speeds and t h e  measured 
s t a l l  speeds of t h e  a i r p l a n e  a t  t h e  nominal test weight. The r e f e r e n c e  
approach speeds are i n t e r p o l a t e d  va lues  of t h e  manufacturer ' s  recommended 
approach speeds using t h e  average f l a p  d e f l e c t i o n  a t  each t i m e  per iod.  

I n  general ,  t h e  p i l o t s  f lew t h e  f i n a l  approach with a n  average speed 
considerably f a s t e r  than t h e  r e fe rence  speed. I n  f a c t ,  t h e  average 
approach speeds were more than 5 knots  i n  excess  of t h e  r e f e r e n c e  speeds 
u n t i l  w i t h i n  15 seconds or less of t h e  touchdown, as  i n d i c a t e d  by t h e  
s o l i d  symbols i n  f i g u r e  16. The except ion t o  t h i s  result  w a s  t h e  low- 
w i n g  a i r p l a n e  a t  the  s h o r t  runway i n  which case t h e  average speed was 
only s l i g h t l y  i n  excess of t h e  r e fe rence  speed f o r  ;he f i n a l  40 seconds 
p r i o r  t o  touchdown. 

Another po in t  of i n t e r e s t  shown by t h e  d a t a  is t h a t  t h e  f i n a l  approach 
opzerjs a t  t h e  s h o r t  runway were slower than those  a t  t h e  long runway f o r  
both a i r p l a n e s .  This  c o r r e l a t e s  d i r e c t l y  with t h e  l a r g a  average f l a p  
d e i l e c t i o n  used a t  t h e  s h o r t  runway. However, t h e  r educ t ion  i n  average 
approach speed (6 t o  12 knots)  w a s  much g r e a t e r  than t h e  d i f f e r e n c e  i n  
t h e  r e fe rence  approach speeds ( 1  t o  2 kno t s ) .  
i n d i c a t e  t h a t  t h e  p i l o t s  were concerned about t h e  runway l eng th  and were 
paying c l o s e r  a t t e n t i o n  t o  a i r speed  during t h e  approaches t o  t h e  s h o r t  
runway t o  a s s u r e  landings with a comfortable margin between t h e  s topping 
po in t  and the  end of t h e  runway. 
landing d i s t a n c e s  f o r  t h e  a i r p l a n e s ,  t h e  designated s h o r t  runway w 2 s  no t ,  
i n  f a c t ,  a "short  runway" r equ i r ing  maximum performance from e i t h e r  
a i r p l a n e  or p i l o t  t o  achieve a normal landing i n  t h e  a v a i l a b l e  d i s t a n c e .  

This d i f f e r e n c e  would 

Based on t h e  manufacturer 's  published 

Touchdown Airspeed 

Cumulative d i s t r i b u t i o n  of e i r speed  a t  touchdown f o r  t he  high-wing 
a i r o l a n e  a t  both runways is presented in f i g u r e  1 7 .  
f i g u r e  are t h e  measured s t a l l  speeds or' t h e  a i r p l a n e  a t  t h e  nominal test  
weight and t h e  r e fe rence  approach speeds based on t h e  f l a p  s e t t i n g s  f o r  
t h e  l a s t  10 seconds of t h e  approaches. 

Included i n  the  

The d a t a  gene ra l ly  show t h a t  t h e  p i l o t s  landed t h e  a i r p l a n e  with 
speeds considerably i n  excess of t h e  s t a l l  a i r speed ;  t h i s  is  most probably 
a d i r e c t  r e s u l t  of t h e  excesa.ive a i r speed  used during t h e  f i n a l  approach. 
The median touchdown speed ranged from 13 percent  t o  48 percent  above t h e  
measured flaps-up s t a l l  speed, and l e s s  than 6 percent  of t he  landings 
were wi th in  t h e  s t a l l  speed range. Except f o r  t h e  low-wing a i r p l a n e  a t  
t h e  s h o r t  runway, a r a t h e r  high percentage of t h e  landings were made i n  
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excess of t h e  re ference  approach speeds.  The touchdown speeds a t  t h e  
s h o r t  runway were s i g n i f i c a n t l y  less than those a t  t h e  long runway by 
approximately the  same amount as t h e  d i f f e r e n c e  i n  the  f i n a l  approach 
speeds between runways. 

Touchdown P i t c h  A t t i t u d e  

Associated wi th  t h e  high touchdown speeOs were p i t c h  a t t i t u d e s  t h a t  
were r e l a t i v e l y  f l a t  f o r  both a i r p l a n e s  a t  both runways. The cumulative 
d i s t r i b u t i o n s  of p i t c h  a t t i t u d e  a t  touchdown f o r  t h e  high-wing a i r p l a n e  
are presented i n  f i g u r e  18. Included i n  t h e  f i g u r e  is a l i n e  i n d i c a t i n g  
t h e  i n - f l i g h t  three-point  touchdown a t t i t u d e  which sepa ra t e s  t h e  reg ions  
of nose-wheel and main-wheel landing a t t i t u d e s .  I n  genera l ,  t h e  touchdown 
p i t c h  a t t i t u d e s  show l i t t l e  t o  no d i f f e r e n c e  wi th  r e spec t  t o  runways. 

The d a t a  show t h a t  t h e  p i t c h  a t t i t u d e s  a t  touchdown were r e l a t i v e l y  
f l a t  f o r  both a i r p l a n e s  a t  both runways. 
ranged from only 1.4O t o  2.6' above t h e  three-poin t  a t t i t u d e  (pi tch-up) .  
A s i g n i f i c a n t  percentage of t h e  landings  w a s  made i n  which t h e  nose wheel 
contacted t h e  runway be fo re  t h e  main wheels. Approximately 1 2  percent  of 
t h e  landings  were nose wheel f i r s t ,  except  f o r  t h e  low-wing a i r p l a n e  a t  
t h e  s h o r t  runway where the  percentage was 22 percent .  Nose-wheel landings  
are almost i nva r i ab ly  a d i r e c t  r e s u l t  of a l lowing a n  a i r p l a n e  t o  touch 
down with an excess ive ly  high a i r speed  and c e r t a i n l y  p re sen t  t h e  p o t e n t i a l  
f o r  a landing acc ident  due t o  nose wheel co l l apse ,  porpois ing of a i r p l a n e ,  
or uns tab le  a i r p l a n e  motions r e f e r r e d  t o  as wheel-barrowing. 

The median touchdown a t t i t u d e  

Mid-Air C o l l i s i o n  Simulat ion 

Using t h e  approach d a t a  presented i n  t h i s  paper a math model capable  
of s imula t ing  uncontrol led a i r  t r a f f i c  p a t t e r n s  h a s  been developed. 
s imula t ions  which d u p l i c a t e  t h e  e x i s t i n g  environment can provide a b a s e l i n e  
f o r  eva lua t ing  the  e f f e c t  of changing t h e  uncont ro l led  p a t t e r v  concept o r  
t h e  e f f e c t  o r  improvements i n  gene ra l  a v i a t i o n  p i l o t i n g  procedure.  The 
technique u t i l i z e d  is i l l u s t r a t e d  i n  f i g u r e  19 which shows t h e  p o s i t i o n  
t i m e  h i s t o r i e s  of two a i r p l a n e s  i n  a t y p i c a l  approach procedure t h a t  are 
t i m e  normalized t o  have a MAC on f i n a l  approach. The view ang le  from 
both a i r p l a n e s  t o  the  o the r  w a s  computed based on t h e i r  heading, bank 
angle ,  and r e l a t i v e  pos i t i ons .  A t i m e  h i s t o r y  of t h i s  d a t a  is p l o t t e d  on 
the  view envelope of each a i r p l a n e ,  f i g u r e  20, and t h e  percent  of t i m e  
each a i r p l a n e  is v i s i b l e  t o  t h e  o the r  p i l o t  determined, r e fe rence  10. 
The result, f i g u r e  21, i l l u s t r a t e s  t h e  cumulative percent  of t i m e  each 
p i l o t  had t o  d e t e c t  t he  o the r  from a sepa ra t ion  d i s t a n c e  of approximately 
3 n. m i .  The case  shown is r e p r e s e n t a t i v e  of normal gene ra l  a v i a t i o n  
approaches, y e t ,  ne i the r  p i l o t  could have seen t h e  her  a i rp lane  approxi- 

p r o b a b i l i t y  of a MAC can be est imated by inc luding  t h e  p r o b a b i l i t y  of 

MAC 

mately 65 percent  of h i s  approach time. Using t h i s  If technique t h e  cumulative 
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each pilot looking and the probability of seeing when he looks as a 
function of the separation distance. By simulating thousands of such 
MAC'S in this manner and defining the baseline for the existing uncontrolled 
traffic pattern environment, the relative improvements that may be achieved 
through changes in piloting procedure or by new pattern concepts can be 
determined. 
figure 22. General aviation pilots have indicated, reference 8 ,  that 
approximately 44 percent preferred the standard left-hand pattern and 30 
percent preferred the proposed pattern shown. 

Typical pattern concepts under consideration are shown in 

Systems Studies 

The uncontrolled air traffic studies indicate that new piloting 
and/or pattern concepts may not adequately reduce the MAC hazard at high 
density uncontrolled airports. Based on the traffic characteristics 
observed a systems definition study is in progress to determine the 
feasibility of a low-cost Automated Pilot Advisory System (PAS), re- 
ference 11, for high density, uncontrolled airports. The system concept, 
figure 23, under evaluation would utilize a small skin tracking radar, 
microprocessors, weather sensors, and a VHF transmitter. The system 
functions identified for evaluation are: 

1. Broadcast an airport advisory voice message once every two 
minutes which specifies the active runway, surface winds, 
barometric pressure, and temperature. 

2. Broadcast. an air traffic advisory voice message every two 
minutes which specifies the location of all traffic within 3 n. 
mi. of the airport. 

3. Broadcast a mid-air collision advisory voice message whenever 
two airplanes exceed a 15-second Modified Tau Criteria, re- 
ference 12. 

4. Provide the FBO with runway select and override functions and 
the capability to record limited cautionary messages to be 
i-nciuded in airport advisory message. 

5. Provide for remote access of system information, via telephone. 

Pulse, pulse-doppler, and doppler radar systems are under evaluation 
for this application. Low-cost X-band radars which appear suitable for 
this application are readily available as marine and airborne weather 
radars. 

The computer would provide the essential system logic and control 
functions. These include radar data processing, clutter rejection, 
track-while-scan, weather data processing, logic and generation of pre- 
stored advisory word message formats, power failure auto-restart function, 
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:.:BO control. functions and system self checks. 

Whenever the various computer logic conditions are met, a VOiCC 
message i n  a standard word sequence would be generated. Computer software 
will interlace proper key words into the standard format to complete the 
advisory nessage. 
voice r;ythesis techniques are under evaluation for this system. Typical 
message sequences with underlined key words follow: 

Pre-recorded digital message sequences and vocoder 

AIRPORT ADVISORY - HYDE - ACTIVE RUNWAY - THREE-ONE - RIGHT HAND PATTERN - 
WIND - TWO-ONE-FIVE AT SIX KNOTS - ALTIMETER -- THREE ZERO POINT -- ZERO FOUR - - 
TEMPERATURE IS - TEN DEGREES. 

or 

- TRAFFIC ADVISORY - HYDE - AIRCRAFT AWAITING DEPARTURE - AIRCRAFT ON 
FINAL - TWO AIRCRAFT DOWNWIND - ARRIVING AIRCRAFT THREE MILES - NORTHEAST --- - - 
DEPARTING AIRCRAFT - ONE MILE SOUTHEAST. 

An experimental PAS will be configured to evaluate the various 
system performance options, message formats, and pilot reaction to system 
utility. 

CONCLUING REYARKS 

The characteristics of general aviation piloting procedures during 
approach and lending have been documented. Data presented illustrate the 
variability with which the uncontrolled air traffic patterns, and the 
approach and landing maneuvers are performed. Results confirm that 
pattern enti-y locaticii and procedure are often inconsistent with the 
local o r  accepted standard pattern. 
legs are UF t o  1 n. mi. wide for typical general aviation airports and 
may exceed 2 r.. mi. in width in environments including high performance 
twin-engine airplanes. 
altitude, + 75 m ( 2 4 6  ft), is not unusual. At airports where a crosswind 
pattern leg is utilized, specific procedures are needed for arrival and 
touch-and-go traffic. Departure traffic should abide by the recommendations 
of FAA Advisory Circular AC No. 90-66. Systems to prevent ?lAC at high 
density uncontrolled airports must cope with very low and high closure 
rates and noriaal VFR traffic separation distances of 0.1 n. mi. or less. 

The uncontrolled traffic pattern 

Significant variation from the established pattern 

The average final approach airspeeds were generally higher than 
recommended which produced significant floating during the landing flare, 
average touchdown speeds well above airplane stall speed and landing 
:,itch attitudes that were generally flat or nose-low. On the average, 
pilots used higher flap deployment angles, steeper approaches, less speed 
and achieved landings closer to threshold on the short runway when 
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compared to  the long runway approaches. 

The t i r e  avai lable  fo r  p i l o t s  t o  see-and-avoid a HAC with other 
a i rp lanes  i n  the  uncontrolled pa t te rn  environment m y  be r e l a t ive ly  
short .  
however, the a b i l i t y  t o  de tec t  other a i rplanes a t  greater  than 1 n. ri., 
the  percentage of t i m e  p i l o t s  spend looking fo r  other airplanes,  a d  
rapid closure rates of ten  involved are fac to r s  which increase the  M C  
hazard. The P i lo t  Advisory System concept may provide p i l o t s  with grea te r  
a b i l i t y  t o  locate and avoid confl ic t ing t r a f f i c ,  i f  law-cost system 
f e a s i b i l i t y  is demonstrated. 

Xanue*vers and vision view f i e l d  r e s t r i c t i o n s  c rea te  t h i s  s i tua t ion ;  
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(a) Horizontal closure rate. 

(b) Vertical clcsure rate. 

Figure 12.- Expected horizontal and vertical closure rates. 
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Figure 13.- Aircraft position - time separation tracks. 

Figure 14.- Cumulative distribution of average and 
minimum separation distance. 
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