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TESTS OF THRESHOLD LIGHTING PATTERNS* 

SUMMARY 

Thls  report   descrlbes  the  teetmg of a number of patterns of threshold  hghting  for  the 
purpose of developing a pattern which w111 be  more  effectlve  than  the  exlstlng  Alr  Force  stan- 

Improvement  over  the  exlstlng  standard  One  pattern  was  evolved  whlch  Incorporates  the  most 
dard A number  of  arrangements and  modlflcatlons w e r e  t r led ,   mos t  of whlch  showed  some 

effectlve  Improvements 

INTRODUCTION 

Threshold  lights  have  been  used In  avlation  smce  the  introductlon of runway  llghtrng 

dlrectlon  The  threshold  llghts  mark  the  ends of the  runway  and  the  hmlts  wlthln  whlch  the 
The  runway  llghtmg  defines  the  prepared  landlng  area,  the  runway,  and  marks Its edges  and 

alrcraft   can  safely  operate when  not  alrborne  More  speclflcally,  the  threshold lxghts at the 
approach  end of the  runway  lndlcate  to a pilot  maklng a landlng  that he can  touch down safely 
as  soon  as he has  passed  them  At  the  exlt  end of the  runway,  the  threshold  llghts  warn  the 
pllot of the  end  of  the  prepared  surface 

clrcult  of  all-way  landmg  fields  The  range  hghts  marked  the  ends of preferred  landlng  paths, 
Threshold  llghtlng  evolved  from  the  groups of range  llghts installed ~n the  boundary 

and  they  were  coded by varying  the  numbers of llghts  marklng  the different landmg  paths  Both 
ends of each  path  were  equlpped wulth the s a m e  number of hghts.  and  each  landlng  path  had  an 
lndlvtdual  number  It  was  found  that  the  groups of range  lights  were  more  effectlve If they 
were   se t  In lmes normal to the ax15  of the  path  When  paved  runways  were  Introduced,  lrghts 
were  developed to mark  the  edges of the  runways.  and  the  range  llghts  were  moved  to the ends 
of the  runways  where  they  became  threshold  hghts  Range  llghts  were  green to dlstxngulsh 
them  from  clear  boundary  llghts.  and  threshold  llghts  retaln thts color  even  on  the  exlt  end of 
runways As runway  llghts  defme  the  courses of the  runways,  the necessity for codlng  the 
green  llghts by number  has  dlsappeared  and  codmg  has  been  ellmlnated 

A s e n e s  of tests of vanous  threshold  llghtlng  patterns,  wlth  several  types of llghtlng 
equlpment.  was c a r n e d  out at the CAA Technlcal  Development  Center,  under a proJect  spon- 

the  posslblhty of  developlng a threshold  pattern  whlch  would he more  effectlve  than  exlstlng 
sored  by  Wnght  Alr  Development  Center  These  tests  were  made  for  the  purpose of explorlng 

patte  rns 

Welr  Cook  Alrport,  Indlanapolls,  Indlana,  and  studymg  the  effect of these  patterns  by  means 
of ground  and  fllght  observatlonr  Comparlsons were  made  on  the  basls of functlonal 
requlrements 

The tests conslsted of formlng  expenmental  patterns  on the north-south  runway at 

REQUIREMENTS 

The  requlrements  for  threshold  hghtln  are  slmple  and  Important  They  have  been 
discussed In  some  detall In previous  reports1.5  but  are  summarlzed  brlefly  here  for 
convenlent  reference 

threshold  hghtlng  from  the  latter  part of the downwlnd leg,  from  the  pomt at whlch  he  turns 
Into  the fmal approach,  and  durlng  the  flnal  letdown  It IS necessary  that  he be  able  to 

On  clrcllng  approaches It 1s necessary  that  a pllot  be  able  to see  and locate  the  approach 

*Reprinted for  general  dlstributlov ‘ram a llmlted  dlstrlbutlon  report  dated  August 1955 

'Arthur T Tledemann. 'A Llghtlng  Pattern  for  Runway  Zone  Identlflcatlon." CAA 
Technlcal  Development  Report No 208, December  1954 

'H J Cory  Pearson. "Requirements of Threshold  Llghts," CAA Technlcal  Development 
Report  N o  272,  Aprll 1955 (hmlted  dtstrlbutlon  report  belng  prlnted  for  general  dlstributton) 
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distmgulsh  the  threshold  lightrng  from  adjacent  approach,  overrun,  and  runway  hghtlng,  and 

to  the  pllot  for  at  least  several  seconds  durlng  stralght-in  approaches  under  condltlons of 
Identtlfy It unrnlstakahly  as  threshold  llghtlng  It IS important  that  the  threshold  area  be  vlslhle 

restrlcted  vlslhlllty so that  he  may  not  flash  past I t  unknowmgly If hls  attentlon  should he 
dlverted  The  hghtmg  should  not. In any case,  cause  uncomfortable  glare  The  exlt  threshold 
llghtlng  must  be  vlslhle to a pllot on  any par t  of the  runway  for a dlstance  great  enough  to  allow 
hlm to take  emergency  actlon  to  stop  hls  alrcraft or to hft It before  he  passes  the  end of the 
runway 

threshold  Whlle  both  mark  the  ends of the paved  runway,  the  approach  threshold  lnvltes  the 
pllot  to  land  as  soon  as he has  passed it The  exlt  threshold, on  the  other  hand,  warns hlm  to 
he alrborne on a takeoff o r  to  stop or turn off before  he  reaches I t  on  a  landlng  Because of 
thls  dlfference In functlon,  the  exlt  threshold  hghtmg  should  be  readlly  dlstlngulshable  from 

wlth  the  runway  hghtmg  to  dlstmgulsh  exlt  warning  from  approach  rnvltatlon 
that of the  approach  threshold,  and I t  should  not  depend  wholly  on  the  relatlonshlp of the  pattern 

and exlt  thresholds  Thls  conslsts of  a llne of green  llghts  normal  to  the  runway  axls and 
proJectlng  Into  the  extended  runway  area  from  the  hnes of the  runway  llghts  The  entrance  and 
exlt  thresholds  are  not  dlfferentlated  Several countries In  Europe  use  red  hghts  for  exlt 
thresholds 

The  exit  threshold  has  a  function  essentlally  dlfferent  from  that of the  approach 

Exlstmg  threshold  markmg In the  Unlted  States  employs  the  same  pattern  for  entrance 

and  recognlzabxhty 
Threshold  hghtmg  requlrements,  then,  can  be  summarlzed  as  vlslblllty,  consplculty, 

PATTERNS 

SIX baslc  patterns of approach  hghts  were  tested  In  varlou  combxnatlons of unlts, both 
wlth  and  wlthout  various  flashers 

1 This  pattern IS the exlstlng Am Force  standard  I t   conslsts of two bars of C - 1  unlts 
wlth  200-watt series  lamps and green  f i l ters  The  bars  are  normal to the  runway ax15 and 
extend  Inward  from  the  lines of runway  llghts  The  unlts are  on IO-foot centers  The  gap 
between  the  bars IS 136 feet 

lights to form  T  patterns  instead of L patterns 

runway  centerline 

connectmg  the  two  bars 

approach  area 

runway  llghts  Instead of extendlng  Into  the  approach  area 

2 Thls  pattern  conslsted of the  bars In pattern No 1. extended  outward  beyond  the  runway 

3 Thls  pattern  was  slmxlar  to No 2, wlth  the  bars  extended  further  Inward  toward  the 

4 This  pattern  also  was  stmllar to No 2 ,  hut  Included  a  hne of ANL-9 flush  hghts 

5 In  thls  pattern  the  bars  had  wings  parallel to the  runway  axis  and  extendlng  Into  the 

6 Thls  was a pattern  slmilar  to No 5,  but  with  the wvlngs folded  back  along  the  llnes of the 

LIGHTING UNITS 

The  llghtlng  unlts  employed  In  formlng  the  pattern  conslsted of  Axr Force  Type C-1 
runway  lqhtmg  unlts  wlth  200-watt, 6 6-ampere  series  lamps, A l r  Force  Type C-2 unlts wzth 

lenses  All  unlts  were  fitted  for  red  or  green  fllters 
500-watt,  multiple,  120-volt  lamps,  and 6 6-ampere. ZOO-watt, PAR-56  lamps  wlth  spread 

The  vanous  flasbmg unlts conslsted  of- 

1 G r m e s  alrcraft  warnlng  llghts  wlth 100-watt spotlight  lamps and motor-drlven  rotatlng 
reflectors  These  lamps  were  operated on 2 8  volts  d-c.  and  were  equipped  wlth  green  dome 
fi l ters 

2 Rotatmg  cluster  lights  uslng  four  100-watt  spotlight  lamps  under a green  dome  fxlter 
These  llghts  also  were  operated on 28 volts  d-c 

3 A pair of synchronized counterrotating  fixtures  usmg  100-watt PAR lamps  rotated by 
motors  These  unlts  were  operated on 120 volts  a-c 

4 A 400-watt  PAR  approach-ltght  lamp  undulated  by  perlodlc  InsertLon of a slmllar  lamp 
In series  Thls  lamp  was  operated on 120 volts  a-c 
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volts  a-c 

angles  and  flashed periodically in  unison  These  were  operated on a 6 6-ampere  serles  circuit 

angles and flashed  progresslvely In sequence 

5 A 100-watt,  PAR-46  spothght  lamp  rotated  about  a  vertlcal  axls  and  operated on  120 

6 A group of four ZOO-watt, PAR, 6 6-ampere  lamps  set  to  cover  dlfferent horizontal 

7 A group of four  200-watt.  PAR, 6 6-ampere  lamps  set  to  cover  different  horizontal 

All  flashlng  lrght  units  were  used  wlth  avlatlon  green  fllters 

TESTING  RESULTS 

Pat tern No 1 w a s  tested  wlth  all-green  fllters and  wlth spht   f i l ters .  walth 180" green 
filters  toward  the  approach and  wlth 1.90' red  fllters  toward  the  runway  These two modlfl- 
catlons  were  used essentially throughout  the  fhght-testmg of the  runway  zone-marklng  3 
The  red  fllters  used  In  thls combmatLon  tended  to merge  wlth  the  red  satellites.  and  they  dld 
not  glve  adequate  exlt  marking  The  consensus  was  that  more  adequate  threshold  markmg is 
requlred 

extendmg  beyond  the  lmes of the  runway  hghts  formed  T  patterns and  became  much more  
consplcuous  When  used  with  red  and  green  split  fllters,  the  red  exlt  line  was  much  more 
evident and  did  not  appear  to  merge  with  the  red  satellites  used  In  zone-marking 

Varlous  spacings of unlts  were  tried  wtth thzs pattern  Llghts  were  tried on lo- ,  5-, 
3 1/2-.  and 2 1/2-foot  centers. and  with  C-1  and C - 2  unts   a l ternat lng or Installed  wlth  one 
type  in  each  bar  for  cornpanson  Bars  also  were  set  up  wrth PAR lamps  to  check  the  effect 
of dlfferent  dlstrlbutlons  Varlous  flashlng  unlts  were substituted for  the  outermost  unit of 
both  bars or  of the  slngle  bar  toward  the downwind leg  The  effects of these  vanations bn 
spaclng and of the  flashmg  hghts wt l l  be dlscussed  later 

notlceably  more effective than  pattern No 2 

Improvement  over  pattern No 2  Thrs  pattern  should be glven serious consnderatlon  as  soon 
as serviceable flush  llghtmg  unlts  become  available None of the  existlng  llghtlng  umts  was 
structurally  adequate to wlthstand  propeller  blast  and  Jet  blast  from  aircraft  operatlon  at  the 
end of the  runway 

o rde r  to glve  the  pilot  a  better  visual  target  The  extenslon  consisted of etther one pair. two 
Pattern No 5 was  developed  to  expand  the  threshold  pattern  from  a  llne  to  an  area  ln 

pa l r s .  or three  palrs of green  llghts  spaced 50 feet   apar t  Into  the  approach  area and In llne 
wlth  the  runway  hghts  The  testing  showed  a  conslderable  Irnproment In the  target  pattern. 
partlcularly  wtth  three  palrs of llghts,  but It also  set  up a posslblllty of the  pllot's  landing 
short  of the  actual  threshold 

extended  outstde  the  lines  of  runway  lights.  sunllar  to  pattern No 2.  wlth  the  addltion of llnes 
of green  lights  extendrng  back  along  the  edges of the  runway  and  spaced  between  the  runway 

Included  the  beglnning of the  runway  as  far  as  the first palrs  of satellltes, 400 feet  along  the 
llghts  These  llnes  formed  a  zone of threshold  markmg  whlch  started  at  the  threshold and 

runway  Thls  arrangement  retalns  the  advantage of depth  and  constltutes  an  Improvement In 
the  pattern  The  lines  along  the  runway  Introduce  dlfflcultles  where  Intersecting  runways. 
taxiways. o r  turnouts  Interrupt  the  hnes of the  edges of the  runways  These  extensrons add 

the  runway 1s avarlable  and  even  though zone  lightlng is not  used 
enough  Improvement  that  they  should be used  wherever poss~ble ,   even though  only  one  slde Of 

Pat tern No 2 showed  materlal  mprovement In conspicuity  over No. 1 The  bars 

Pat tern No 3,with  the  transverse  lines  extended  further  Inward. dld not  appear to be 

Pat tern No 4, wlth  a  contlnuous  hne  across  the end of the  threshold,  appeared to be  an 

Pat tern No 6 was  developed  to  avold  this  feature  It  conslsted of t ransverse  bars  

DISCUSSION 

closer  spaclng of hghts In the  transverse  bars  tends to hold  the  bars  together  as  the 
prlot dose r  to the  threshold, and I t  adds  consplculty to the  bars by  provtdlng  greater 

3T~edemann. op clt  
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brlghtness  than  the  wtder  spaclng  It  was  found,  however,  that  the  use of flve  unts  on ten-foot 
spacmg  glves a fully  adequate  bar when  the  lights  have  proper  spread  and  lntenslty Spacing 
closer  than  ten  feet  does  not  appear  pstlfled 

as  effectlve  as  those  glven  by  the  Type  C-2  unlts on the straight-In approach and on the final 
Three  types of  light f lxtures  were  tr led In  the bars  The  Type  C-1  unlt  glves  results 

occupled  durlng  the  turn  Into  flnal  approach  Thls  area  was  better  covered by the  Type  C-2 
leg of a clrcllng  approach  The  Type  C-1  unlt,  however,  lacks  the  spread to cover  the area 

unlt  and by the 200-watt PAR lamp,  but It also  can  be  covered  effectively by the more sue- 

wlder  area  than  the  Type  C-1  unlt,  lacks  any  back  hght  and  does  not provide for  exit 
cessful of the  flashlng  unlts  The  200-watt PAR lamp.  whlle  provldlng good coverage  for a 

unless double unlts are  installed  The Type C-2  unlts  wlth  200-watt series lamps provided 
very  effectlve  coverage and were  comparable  wlth  the ZOO-watt PAR  lamps 

bars   to   serve two purposes  The flrst was to provlde a vlslble  slgnal  to  areas  where  the 
threshold  bar  llghts  falled to penetrate,  and  the  second  was to add  conspiculty  to  the  bars 

The  Crlmes  llghts  provided  clear  sharp  flashes  and  proved  very  effectlve  for  both 
purposes  The  l lghts  were  Installed  f lrst  on the  outer  ends of both  approach  bars,  but as the 

the  lights An lnstallatlon  was  made  wlth  these  flashlng  llghts  at  the  four  corners of  the 
flashes  were not  synchronlzed.  they  gave  dlsturbmg  lmpresslons of prnplng  movement  to 

upwlnd  end  of the  runway as  well  as  on  the  entrance  threshold  bars  There  appeared  to  he no 
runway,  and  both  pllots  and  observers  commented  favorably on havmg  flashlng  hghts at the 

dlfflculty  wlth  unsynchronized  llghts as  far separated as the  length of the  runway,  but for 
flashers  as  close as the  width of the  runway  the  lack of synchronlzation  proved  dlsturblng 

without a correspondlng  flasher  at  the  rlght  end  Thls  hght  appeared  to  be essentially as  
effectlve  as  the  palr of lights  and  ehmlnated  the  effect of nonsynchronlzatlon 

end of the  threshold bar f a r  enough  to  make It appear  separate  from  the  bar A mlnmum of 
It was found that  the  flashlng  light was  much  more  effectlve If spaced  out  from  the 

20 feet  separatlon 1s recommended 
Rotatmg  cluster  llghts also were  tried  as  flashlng  unlts  These  were  not as effectlve 

as  the  Grlrnes  llghts 
A pair of synchronlzed  counterrotatlng  beacons  was  Installed at the  outer  ends of  the 

threshold  bars  Wlth  these  beacons  the  flashing  llghts  appear  synchronlzed  to a pllot  when 

to ~ u m p  toward  the ax13 and  thereby  glve  an  added corrective lndlcatlon  These  llghts  have 
he is on  the axls of the  approach  system, If he 1s off course to elther  slde,  the  llghts  appear 

posslblllties  of  posltlve  value 

on flnal  approach  Thts would  have  to he duplicated In order to produce  any  slgnal  to a pllot 
on  the downwind leg or on the e a r h e r   p a r t  of the  turn  Into  fmal  approach 

lacked  enough  mtenslty  to  serve  for  marglnal  weather  Thls  unlt  could be masked for any par t  
of the  area  where no slgnal 1s requlred 

flashmg  slgnal  over the angle  covered by the  spread of the  proJectors I t  has  the  dlsadvantage 
of Imposing a large  lntermlttent  load on the clrcult  The use of four  slmllar  lamps  flashed 
In sequence  avolds  thls  lntermlttent  load and Imposes  the  load  of  only  one  lamp  on  the  clrcult 

the  lamps  Thls  arrangement  presents  deflnlte  posslbllltles for  the  requtred service 

The  effect  produced 1s that of an  undulatlng o r  flashing  signal,  dependlng on the  allgnment of 

full  brlghtness  at  one  pomt of the  cycle,  but  the  effectiveness 1s reduced  by  the  short  duratlon 
The  flashxng  slgnals  share  certaln  characterlsrlcs A rotatulg  slgnal  lrght  presents 

of the  flash or by the  long  ecllpse  perlod  between  flashes If tne >peed  of  rotatlon 1s reduced 

hghts  requlre  constanl  power  for  the  rotatlng  element m a  for  the  llght  sources 
Thls  can  be  Improved by usmg  multlple  proJector5  slmllar TO flasher No 2 All of the  rotatlng 

by  Incandescence  and  nlgrescence of the  lamp  The  sequence-flashlng  group  has  an  effectlve 
perlod  equal  to  the  total s u m  of the  mdlvldual  flashes 

at less  than  full  lamp  voltage  This 1s partlcularly  marked In cases  where  the  lamps are 
flashed  on and  off All  flashing  slgnals  should  be  operated  at 100 per  cent  voltage 

brtghtness to add  consplcmty and were  operated  at  one step  hlgher  brlghtness  than  the  runway 
llghts As an  alternat?  to  thls.  the  outer u n z t  of  each  bar  was  operated at one step  hlgher 
hrlghtness  than  the  remamder of the  bar 

The  seven different types of flashmg  llghts  were  used at the  outer  ends of the  threshold 

In  some  tests, a slngle  Crlmes  light was  lnstalled at the  left  end of the  threshold  bar 

The  400-watt  undulatlng  llght was  very  effectlve  as a consplcutty  marker  to a pilot 

The  100-watt  rotatmg spotlight gave  effective  slgnal  to  all  parts of the  approach  hut 

The  group of four  200-watt  PAR  lamps  flashed  slmultaneously  glves  the effect of a 

The  unlts  employmg  lamps  whlch  are  turned on and off all  share  the  delays  unposed 

All  flashlng  lamps  and  slgnals  suffer  great  decrease of effectlveness If  operated 

In  addltlon to u s e  of sepesate  flashmg  slgnals,  the  transve-rse  bars  were  undulated ~n 
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+ e e e e e  e e m e a  &.e% 
Flg 1 Dlagram Showlng Threshold  Llghtlng  Pattern  for 

Counterclockwlse  Approaches 

The  Increase In brlghtness  resulted In Increased  consplculty When  applled  to the 
enttre  bar.  however. It could  cause  ob~ect~onable  glare  under  certatn  condlttons  Also.  the 
Increase In brlghtness 1s LmpractLcal at the  hlghest  brtghtness  step  unless  drfferent  unlts  are 
employed  fol  the  brlghter  llghts 

made  the bar somewhat  drfflcult  to  locate  posttlvely  It LS recommended  that  the  bar  remaln 
rate  of Incandescence  and  nlgrescence  requlred a cycle of not less than  three  seconds,  whtch 

at  steady  brlghtness  and  the  consplculty be provrded by separate  unlts 
The  most  effectlve  pattern,  as  ~udged  from  the  long series of fllght tests and  ground 

observatlons, LS that shown I n  F l g  1 Thls 1s the  pattern  prevlously  ltsted as No 6 I t  
mcludes two 40-foot bars  made up of Type  C-1  llght  unlts,  plus  wlngs  extendrng  In  along the 

toward  the downwmd  leg 
runway  and  one  flashtng  hght  unlt  at  each  end of the  runway  offset  from  the  ends of the  bars 

provlded  wlth  green  fllters  The  spllt  fllters  show green to a landmg  pllot  and  red to a pllot 
Spllt fllters are  recommended for all  hght  unlts  except  the  flashtng  hghts  whlch  are 

approachlng  the exxt end of the  runway  The  red fllters are  recommended  as  exlt   fdters In 
splte of  the  fact  that  prlots w1Il have  to  accustom  themselves to a change In the  color of these 
l ~ g h t s  Thls 1s considered to be of the utmost  Importance In enabllng  the  pllots  to  dlfferenttrate 
between  entrance  threshold  llghts and exlt  threshold  llghts When operating mlnlm-5 a r e  
lowered,  the  system w ~ l l  have to serve wtth  the  utmost  certamty  wlth  only a short   segment 
vlstble  at  one  tlme 

The  undulatlon of brightness In the  enttre  bar  Improved  the  consplculty,  but  the  slow 


