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_--- SYNOPSIS 
r .  

. 8 . -  

About 1543 e.s.t. on December 17, 1973, Iberia Lieees- -Bereas-& 
, ,  

-light 933, a DC-10-30, crashed while making an instrument 
landing system approach to runway 33L at Logan International Airport, 
Boston, Massachusetts. 

one flight attendant were injured seriously during evacuation. The 
aircraft was substantially damaged. 

Thirteen passengers were injured slightly; two passengers and 

short of the threshold of the runway. The aircraft then struck an 
The aircraft first struck approach light piers about 500 feet 

embankment and sheared its right main landing gear. The aircraft 

and 280 feet north of runway 33L. 
skidded to a stop on the airport about 3,000 feet beyond the threshold 

i 

At the time of the accident, low ceilings with obscurations and 
a visibility of 3/4 mile in rain and fog prevailed at Logan 
Airport. 

-The National Transportation Safety Board determines that the 
probable cause o f  this accident was that the captain did not recognize, 
and may k v e  been unable to recognize,an increased rate of descent in 
time to arrest it before the aircraft struck the approach light piers. 

-,The increased rate of descent was induced by an encounter with a low- 

he was transitioning from automatic flight control under instrument 
altitude wind shear at a critical point in the landing approach wher-e 

The captain's ability to detect and arrest the increased rate of descent 
flight conditions to manual flight control with visual references., 

. 
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-was adversely affected by a lack of information as to.the existence of 
the wind shear and the marginal visual cues available." The minimal 
DC- 10 wheel clearance above the approach lights and the runway threshold 
afforded by the ILS glide slope made the response time critical and, 
under the circumstances, produced a situation wherein a pilot's ability 
to make a safe landing was greatly diminished. 

As a result of this accident, the National Transportation Safety 
Board made eight recornendations to the Federal Aviation Administration. 
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1. INVESTIGATION 

1.1 His tory  of F l i g h t  

I b e r i a  Lineas Aereas de  Espana F l i g h t  933, a DC-10-30 with Spanish 
r e g i s t r a t i o n  EC CBN, was a schedul&>ternational  passenger f l i g h t b e -  

903 L/ (1403 Greenwich mean time) on December T7, 1973, wi th  153 passengers 
tween Madrid. Spain. and Boston, M a s s a c h u s e t t s C - T F d q Z e d  Madrid a t  

and 14 crewmembers aboard. Boston a rea  was r o u t i n e ,  
a w n b l e m s  were r e p o r t e  o r  I ts  systems. 

.-,- 

-------__ ,-.- - 
A t  1534, F l i g h t  933 contacted Boston Approach Control. The approach 

vectors  t o  i n t e r c e p t  t h e  instrument landing system (ILS) l o ' c a l i z e r  course 
c o n t r o l l e r  c lea red  t h e  f l i g h t  t o  descend t o  3,000 f e e t  and provided r a d a r  

f o r  runway 33L a t  Logan I n t e r n a t i o n a l  Airport .  

were 9 mi les  from t h e  o u t e r  marker (OM) and c l e a r e d  the  f l i g h t  f o r  the  
ILS  approach t o  runway 33L. Two minutes l a t e r ,  t h e  c o n t r o l l e r  c l e a r e d  
the f l i g h t  t o  contact  t h e  Boston con t ro l  tower. 

A t  1538, the  approach c o n t r o l l e r  informed the  f l i g h t c r e w  t h a t  they 

1540:30, advised I' . . . runway . . . v i s u a l  range is  ou t  of se rv ice ,  
F l i g h t  933 contacted t h e  Boston tower l o c a l  c o n t r o l l e r  who a t  

the  v i s i b i l i t y  i s  t h r e e  quar te r s ,  t h e  wind i s  t h r e e  one zero a t  t en ,  
r epor t  t h e  l i g h t s  i n  sight." F l i g h t  933 responded, "Roger." 

Z W F  3 3 L  
The cap ta in  of F l i g h t  933 f lew t h e  ILS approach with t h e  No. 1 

a u t o p i l o t  coupled and b 3 3 i  mode) engaged. 
A l l  p r e l a n d i n i  checks were completed a t  the  a p p r o p r i a t e  t imes,and-the 

ocer t h e  runway th resho ld  was t o  be 140 kn.,and the  automat ic  speed con- 
a i r c r a f t  was p r o  m l v  configured f o r  landing. The i n d i c a t e d  a i r s p e e d  

t r o l  was set a t  145 kn. 

A t  1541:44, t h e  l o c a l  c o n t r o l l e r  c l e a r e d  F l i g h t  933 t o  land and 
t h e  f l i g h t c r e w  t h a t  t h e  braking a c t i o n  was repor ted  t o  be f a i r  

to  poor. 

According t o  the  f l igh tc rew,  t h e  a i r c r a f t  was on t h e  ILS g l i d e  
slope u n t i l  the  cap ta in  disconnected t h e  a u t o p i l o t .  When t h e  f l i e h t  
engineer ca l l ed ,  "300 f e e t ,"  the  f i r s t  o f f i c e r  saw t h e  approach--- 
to 'nls r l g h t ,  '.',abc,u-t,,,th_e 1 . . to 2 o ' c ~ ? c Z - p ~ o n . ' '  He repor ted,  '=s 
t o  ' the r i g h t , "  and the  c a p t a i n  r e s p o i l d E t f 7 ' U E ~ ~ g h t s  i n  GiEhr-  " The 

r i g h t  t o x i g n  i t  with  t h e  runway. He d id  no t  disengage t h e  a u t o t h r o t t l e  
capta in  then disconnected t h e  a u t o p i l o t  and banked t h e  a i r c r a f t  t o  t h e  

system. 

..... 

way when the  f l i g h t  engineer  c a l l e d  " m i n i m u ~ ~ ~ c i s i o n ~ h e ~ ~ ~ , ' l _ . .  The 

1/ A l l  times h e r e i n  a r e  e a s t e r n  s tandard times, based on the  24-hour 

According t o  the  cap ta in ,  the. a i r c r a f t  was a l igned  wi th  t h e  run- __-._ 

. ~. ---x--.- 

- 
clock. 
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cap ta in  knew t h a t  t h e  a i r c r a f t  was low, but  he thought t h e r e  was no 
problem. He then overrode t h e  a u t o t h r o t t l e  system t o  advance t h e  t h r o t t l e s  
and simultaneously inc reased  s l i g h t l y  t h e  back pressure  on t h e  c o n t r o l  

him t h a t  t h e  a i r c r a f t  was s t i l l  low, he advanced t h e  t h r o t t l e s  f a r t h e r ,  
column. He r e c a l l e d  t h a t  a f t e r  t h e  f i r s t  o f f i c e r  and f l i g h t  engineer  t o l d  

but  f e l t  t h a t  the  a i r c r a f t  was continuing t o  descend. The f l i g h t  engineer  
then rap id ly  c a l l e d  ou t ,  "50, 40, 30, 20, 10," and t h e  a i r c r a f t  s t r u c k  t h e  i 

1 

proach l i g h t  pier. 

Members of t h e  f l igh tc rew s t a t e d  t h a t  when t h e  " l i g h t s  i n  s igh t"  
c a l l  was made, only t h e  approach l i g h t s  were v i s i b l e .  According t o  t h e  

could be seen when t h e  f l i g h t  engineer c a l l e d  "minimum dec i s ion  height." 
f i r s t  o f f i c e r  and t h e  rad io  operator- navigator ,  114 t o  113 of t h e  runway 

A t  1542:22, t h e  rad io  operator- navigator  on F l i g h t  933 repor ted  t o  
the  t o w e r ,  " . . . runway i n  sight." Nine and one-half seconds l a t e r ,  
while t h e  l o c a l  c o n t r o l l e r ' s  t r a n s m i t t e r  was a c t i v a t e d ,  t h e  sound of t h e  
approach l i g h t i n g  system audio alarm was recorded i n  the  tower. The tower 
l o c a l  c o n t r o l l e r  s t a t e d  t h a t  a s  he reached toward t h e  monitor panel to  
s i l e n c e  t h e  alarm, he heard t h e  transmission:. " I b e r i a  n i n e  t h r ee  t h r ee ,  we  
have an accident." The ground c o n t r o l l e r  a l s o  heard t h e  alarm, which was 

and n o t i f i e d  t h e  a i r p o r t  f i r e  department t h a t  a n  acc iden t  had occurred. 
followed by an explosive  noise. He saw a t r a i l  of f i r e  along runway 33L 

The cap ta in  and f i r s t  o f f i c e r  of an  A i r  Canada f l i g h t ,  which was 
parked on t h e  taxiway ad jacen t  t o  t h e  th resho ld  of runway 33L, saw F l i g h t  
933 when i t  emerged from the  fog, less than a mile from t h e i r  pos i t ion .  

+They s t a t e d  t h a t  F l i g h t  933 was low- " too low t o  recover" and " desperate ly  

embankment between Boston Harbor and t h e  a i r p o r t -  A f t e r  los ing  i t s  r i g h t  
low." They saw t h e  a i r c r a f t  s t r i k e  t h e  approach l i g h t  p i e r s  and then t h e  

main landing gear,  t h e  a i r c r a f t  bounced i n t o  t h e  a i r ,  s e t t l e d  back t o  t h e  
runway, and skidded t o  a s top  o f f  t h e  r i g h t  s i d e  of t h e  runway. A f i r e  
erupted on the  l e f t  s i d e  of t h e  a i r c r a f t  a s  i t  skidded along t h e  runway. 

/'. 

c Following impact wi th  t h e  embankment, the c a p t a i n ' s  s e a t  s l i d  t o  ', 

i t s  a f t  l i m i t  o f  t r a v e l ,  and he could no t  see t h e  runway. He pushed 
forward on the  con t ro l  column, and the  a i r c r a f t  s t ruck  t h e  runway--hard. 
The a i r c r a f t  then s l i d  down t h e  runway and off  t o  t h e  r i gh t .  The c a p t a i n  
declared an emergency and ordered t h e  evacuation of t h e  a i r c r a f t .  

The acc iden t  occurred a t  1542:31.5, on December 17,  1973, and during 
dayl ight  hours. The sky was obscured by fog and moderate ra in .  The  geo- 
graph ic  coordinates  of t h e  acc iden t  s i t e  a r e  42" 21' 48" N. l a t i t u d e  and 
71' 00' 18" W. longitude.  

I 
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I n j u r i e s  - C r e w  Passengers 

F a t a l  0 0 
Nonfatal  1 15 
None 13 13 8 

1.3 Damage t o  A i r c r a f t  

The a i r c r a f t  was s u b s t a n t i a l l y  damaged. 

1.4 Other Damage 

Others 

0 
0 

heavily damaged. I n  a d d i t i o n ,  ALS l i g h t s ,  threshhold l i g h t s ,  runway 
Two approach l i g h t  p i e r s  were destroyed and two o t h e r s  were 

l i g h t s ,  and about 175 f e e t  of walkway were destroyed.  1 1.5 C r e w  Information 

. The cap ta in ,  f i r s t  o f f i c e r  and f l i g h t  engineer  were t r a ined  and 
qua l i f i ed  i n  t h e  DC-10 a i r c r a f t  a t  t h e  McDonnell Douglas f a c i l i t y  i n  Long 
Beach, C a l i f o r n i a .  They were c e r t i f i c a t e d  f o r  t h e i r  r e s p e c t i v e  d u t i e s  
according t o  t h e  laws and regu la t ions  of t h e  Spanish Government. Before 

Spanish Government. 

1.6 A i r c r a f t  Information I 
~ 

~ the f l i g h t ,  t h e  f l i g h t  crewmembers received r e s t  per iods  requi red  by t h e  
~ 

! 

The a i r c r a f t  was a Dc-10-30, manufactured by t h e  McDonnell 
Douglas Corporat ion.  The a i r c r a f t  had been maintained according t o  
company procedures and government requirements .  

The takeoff  g r o s s  weight of Ec C B N w a s  490,910 l b s .  (233,141 kg.) 
wi th  about 182,000 lbs. (162,341 kg.) of f u e l  on board. The landing 
weight and c e n t e r  of g r a v i t y  were wi th in  prescr ibed  limits. (See 
Appendix C .) 

I 

! (-y?fl&-X 

1 .7  Meteorological  Information 

~ - Spec ia l  s u r f a c e  weather observat ions  taken a t  Logafl I n t e r n a t i o n a l  

I 
I 

Airpor t  a t  the  times indica ted  showed t h a t  t h e  fol lowing cond i t ions  
exis ted:  

1541 - I n d e f i n i t e  c e i l i n g  a t  300 f e e t ,  sky obscured, visi- 
b i l i t y - 3 / 4  mile  i n  moderate r a i n  and fog ,  wind-290° 
a t  9 knots ,  a l t i m e t e r  set t ing-29.25 inches ,  runway 
4R v i s u a l  range-3,500 f e e t  v a r i a b l e  t o  4,500 f e e t .  

I 
I 
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1545 - Simi la r  condi t ions  e x i s t e d  except t h e  s u r f a c e  winds 
were from 300' a t  7 knots. The temperature and dew 
p o i n t  were 41' F. and 38' F., respect ively .  

*Moderate r a i n  began a t  1529 and continued u n t i l  a f t e r  t h e  a c c i-  
dent . 

The 1900 winds a l o f t  observat ions  a t  t h e  following l o c a t i o n s  and 
a l t i t u d e s  were a s  follows: 

Chatham, Massachusetts 

(60 miles southeast  of Logan) 

A l t i t u d e  

( f e e t )  - 21 

1,000 
2,000 
3,000 

1,000 
2,000 
3 , 000 

Di rec t ion  Speed 

( t r u e )  
220° 

220' 
220° 

Portland, Maine 

(83 mi les  n o r t h  of Logan) 

185' 
185O 
185' 

30 

37 
35 

similar except the  winds were from sou theas te r ly  and e a s t e r l y  d i r e c t i o n s .  
- E a r l i e r  observat ions  (0700) a t  these  l o c a t i o n s  and a l t i t u d e s  were 

p r e c i p i t a t i o n  a r e a  250 miles  i n  diameter centered 2 5  m i l e s  e a s t  of Chatham. 
A radar  weather observat ion taken a t  Chatham a t  1533 showed a 

The a r e a  was moving east-northeastward a t  50 knots. 

*here was no meteorological  equipment f o r  measuring winds a l o f t  a t  

a b l e  regarding t h e  ex i s tence  of adverse  wind condi t ions  on t h e  f i n a l  
t h e  Logan Airport .  Also, no meteorological  o r  p i l o t  r e p o r t s  were a v a i l -  

approach path  t o  runway 33L.- 

i n t e r n a t i o n a l  meteorological  data ,  including terminal  f o r e c a s t s  f o r  t h e  
4 B e f o r e . d e p a r t i n g  Madrid, t h e  f l igh tc rew received a f o l d e r  of 

Boston area.  The data ,  however, d id  no t  include e i t h e r  e x i s t i n g  o r  f o r e-  
c a s t  winds a l o f t  r e p o r t s  f o r  t h e  Boston a r e a . 4  

- 2/ A l l  a l t i t u d e s  h e r e i n  a r e  mean sea l e v e l ,  un less  o therwise  indicated.  

r a  
01 

t k  
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1.8 Aids t o  Navigation 

Logan I n t e r n a t i o n a l  Ai rpor t  i s  equipped wi th  approach s u r v e i l l a n c e  

o r  ILS. 
radar  and ILS. There were no repor ted  d i f f i c u l t i e s  wi th  e i t h e r  t h e  r a d a r  

A t  t h e  time of  the  acc iden t ,  t h e  No. 1 l o c a l i z e r  t r a n s m i t t e r  and 
the  No. 2 g l i d e  s lope  t r a n s m i t t e r  were i n  opera t ion  on runway 33L. These 
components were f l i g h t  t e s t e d  the following day, and they opera ted  w i t h i n  
prescr ibed to lerances .  

he i  L! h t  (DH) i s  216 f e e t ,  and t h e  g l i d e  s lope i s  unusable below 200 fee t .  

Neither t h e  I b e r i a n  approach cha r t  nor  t h e  o f f i c i a l  U. S. approach c h a r t  
The th resho ld  c ross ing  he igh t  (TCH) of  t h e  g l i d e  s lope  beam is  34.3 feet. 

displayed t h e  TCH; they did,  however, con ta in  a n o t a t i o n  t h a t  t h e  g l i d e  
slope was unusable below 200 fee t .  The he igh t  of  t h e  g l i d e  s lope  beam i s  
51.1 f e e t  above t h e  approach l i g h t  p i e r  f i r s t  s t r u c k  by t h e  a i r c r a f t .  

Harbor. It i s  l o c a t e d  492 f e e t  from t h e  th resho ld  of runway 33L. 
The approach l i g h t  p i e r  i s  25 f e e t  above t h e  mean water l e v e l  of Boston 

The ILS g l i d e  s lope a n g l e  f o r  runway 33L i s  3'. The lowest  dec i s ion  

(VASI). 
Runway 33L was no t  equipped wi th  a v i s u a l  approach s lope  i n d i c a t o r  

operat ing)  t o  runway 33L were: DH 216 f e e t  and v i s i b i l i t y  minimums of 
The c a p t a i n ' s  r e s t r i c t i o n s  f o r  the  ILS approach ( a l l  components 

1 / 2  mile o r  a runway v i s u a l  range of 2,400 f ee t .  

1.9 Communications 

Air- to-ground c o m u n i c a t i o n s  were normal. 

1.10 Aerodrome and Ground F a c i l i t i e s  

The Logan I n t e r n a t i o n a l  Ai rpor t  i s  l o c a t e d  on a peninsula  t h a t  

a s i n g l e  runway a r e  ava i lab le .  The a i r p o r t  e l e v a t i o n  i s  19 f e e b a n d  t h e  
extends eastward i n t o  t h e  Boston Harbor. Two sets of p a r a l l e l  runways and 

e l e v a t i o n  of t h e  touchdown zone f o r  runway 33L i s  16 fee t .  

Runway 33L i s  10,080 f e e t  long and 150 f e e t  wide, and surfaced 
with bituminous concrete. It i s  equipped wi th  high- intensi ty  runway 
l i g h t s  and a s tandard conf igura t ion  "A", h i g h- i n t e n s i t y  approach l i g h t  

f e e t  from t h e  shore of Boston Harbor. The approach l i g h t  system i s  mounted 
system with  sequenced f l a s h i n g  l i gh t s .  The runway th resho ld  i s  about  200 

on wooden p i e r s  s e t  i n t o  t h e  waters  o f  t h e  harbor. 
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f o r  maximum in t ens i t y .  They could not  r e c a l l  t h e  i n t e n s i t y  of t h e  
According t o  Boston tower personnel,  t h e  runway l i g h t s  were s e t  

approach l i g h t s ,  bu t  s t a t e d  t h a t  t h e  e x i s t i n g  weather condi t ions  would 
have d i c t a t e d  a maximum se t t ing .  

1.11 F l i g h t  Recorders 

EC CBN was no t  equipped wi th  a cockpi t  voice recorder ,  and none 
was required.  

E C  CBN was equipped wi th  a Sunstrand Data Control d i g i t a l  f l . igh t  
data  recorder  (DFDR), s e r i a l  No. 2201. The recorder  uses  t ape  a s  a 
recording medium, which r e q u i r e s  e I e c t r o n i c  process ing to  r e t r i e v e  the  
parameters of f l i g h t  information. The recorder  case  was s l i g h t l y  damaged, 
but  the  t ape  was i n t ac t .  P r i n t o u t s  of a l l  96 parameters were made from 
a computer  tape, which was generated from the  DFDR tape. 

A t  1543:41, t h e  No. 1 radar  a l t i m e t e r  read 20 fee t .  The approach 
l i g h t  audio alarm sounded a t  1542:31.5, i n d i c a t i n g  a d i f f e r e n c e  of about 
1 minute 10 seconds between t h e  DFDR time and the  recorded a i r  t r a f f i c  
c o n t r o l  time. 

The processed data from t h e  DFDR were examined f o r  abnormal i t i e s  
i n  t h e  a i r c r a f t ' s  approach p r o f i l e  and f l i g h t  c h a r a c t e r i s t i c s .  These 
data  i n d i c a t e d  t h a t  a s  t h e  a i r c r a f t  neared t h e  OM, i t  was conf igured 

was e s t a b l i s h e d  on t h e  g l i d e  s lope  and l o c a l i z e r  c e n t e r l i n e s  when i t  
f o r  landing wi th  t h e  gear  down and f l a p s  extended t o  50'. The a i r c r a f t  

passed t h e  OM. The rad io  and pressure  a l t i m e t e r  a l t i t u d e s  corresponded 
t o  the  publ ished g l i d e  s lope  c ross ing  a l t i t u d e  of 1,457 fee t .  The a i r -  
c r a f t ' s  magnetic heading was 318O, o r  11' l e f t  of t h e  publ ished l o c a l i z e r  
heading. The computed ( i n d i c a t e d )  a i r s p e e d  was 148 kn. 

g l i d e  s lope c e n t e r l i n e s  f o r  62  seconds while descending t o  500 f ee t .  
After pass ing t h e  OM, t h e  a i r c r a f t  remained on t h e  l o c a l i z e r  and 

During t h i s  pe r iod  of time, t h e  average va lues  recorded f o r  p i t c h  a t t i -  
tude, a i r speed ,  t h r u s t ,  and heading were 1.3' a i r c r a f t  noseup (a.n.U.) 
148.9 kn., 72.8 percen t  N 1  Lf,  and 321.5', respect ively .  The r a t e  of 
descent averaged 911 f e e t  pe r  minute (fpm). Calcula ted va lues  f o r  a 
s i m i l a r l y  configured DC-10 of t h e  same weight, on a 3 O  descent  p r o f i l e  
wi th  no wind condi t ions ,  were 4.2' a.n.u., 145 kn., 76.2 percent  N 1 ,  and 
770 fpm. 

A s  the  descent continued below 500 f e e t ,  the  a i r c r a f t  began a 
gradual ly  inc reas ing  dev ia t ion  t o  t h e . l e f t  of the  l o c a l i z e r  Center l ine .  

slope,  t h e  a i r s p e e d  inc reased  4 t o  6 kn., and both  t h e  p i t c h  a t t i t u d e  
A t  t h e  same time, t h e  a i r c r a f t  r o s e  s l i g h t l y  above the  g l i d e  

and t h r u s t  decreased. The recorded va lues  f o r  l o n g i t u d i n a l  a c c e l e r a t i o n  
were negative.  

- 3/ A measurement of t h r u s t  expressed i n  terms of the  percentage of  N l  
(low pressure )  compressor r o t a t i o n a l  speed. 
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The a i r c r a f t  passed t h e  middle marker (MM) l e f t  of t h e  l o c a l i z e r  

p i t ch  a t t i t u d e ,  a i r speed ,  and heading were 0.9' a.n.u., 153 kn., and 
course about 110 f e e t ,  and was about 3 f e e t  below t h e  g l i d e  slope. The 

329', respect ively .  The t h r u s t  s e t t i n g s  were about 56 percen t  N1. 

The a u t o p i l o t  command mode was disengaged wi th in  3 seconds a f t e r  

percent N1 on engines Nos. 1 and 3 and 48.5 percent  on engine No. 2. The 
the  a i r c r a f t  passed t h e  MM. Thrust  s e t t i n g s  a t  t h a t  time were about 54 

a i r c r a f t ' s  p i t c h  a t t i t u d e  was 0'. Within 3 seconds a f t e r  t h e  a u t o p i l o t  
was disengaged, an  a i r c r a f t  noseup p i t c h  change began; 3 seconds l a t e r  
t h ru s t  began t o  increase.  

Nine seconds a f t e r  t h e  a u t o p i l o t  was disengaged, t h e  p i t c h  a t t i -  
tude was 5.4' a.n.u., and the  t h r u s t  was inc reas ing  through 77 percent  
N1. Steep inc reases  i n  both t h e  v e r t i c a l  and l o n g i t u d i n a l  a c c e l e r a t i o n  
were recorded. During t h a t  9 seconds, t h e  a i r c r a f t ' s  r a t e  o f  descent 
averaged 1,060 fpm. The s i gna l  which i n d i c a t e s  t h a t  t h e  landing gear  
a r e  extended was i n t e r r u p t e d  1 2  seconds a f t e r  the  a u t o p i l o t  was d i s-  
connected. 

c r a f t ' s  f i n a l  approach path. This  was accomplished by comparing a no-wind 
p lo t  of the  a i r c r a f t ' s  p o s i t i o n  wi th  a p l o t  of i t s  known p o s i t i o n  through- 
out t h e  approach p ro f i l e .  The no-wind p l o t  was e s t a b l i s h e d  from the  

p o s i t i o n  was e s t a b l i s h e d  from a l t i t u d e ,  g l i d e  s lope,  and l o c a l i z e r  devia- 
heading, a i r speed ,  and a l t i t u d e  data. The p l o t  o f  t h e  a i r c r a f t ' s  known 

t i on  data. 

The DFDR data  were a l s o  used t o  der ive  winds a l o f t  along t h e  a i r -  

The winds der ived a r e  a s  follows: 

A 1  t i tude 
(Fee t )  

Di rec t ion  
(Magnetic) 

1,000 191' 
900 191' 
800 193' 
700 195' 
600 197' 
500 200' 
400 205' 
300 225' 
200 260' 
100 210° 

Surface 315' 

Speed 
( Kn. ) 

35 
32 
31 
30 
28 
24 
20 
15 
1 2  
8 
8 
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1.12 Wreckage 

The a i r c r a f t  s t r u c k  l i g h t  p i e r s  and then the  embankment along t h e  
edge of t h e  harbor. The r i g h t  main gear was sheared. The a i r c r a f t  then 
became a i rborne  f o r  about 1,200 f e e t ,  landed on runway 33L, veered o f f  

th resho ld  and 280 f e e t  n o r t h  of t h e  runway. (See Appendix E.) 
the  runway t o  t h e  r i g h t ,  and skidded t o  a s t op  about 3,000 f e e t  from t h e  

The a i r c r a f t  stopped i n  an upr igh t  pos i t ion .  The fuse lage  a f t  
s e c t i o n  had p a r t i a l l y  separa ted  near  s t a t i o n  1811. The a f t  s e c t i o n  was 

h o r i z o n t a l  s t a b i l i z e r  touching the  ground. 
twis ted  to  the  r i g h t  and was r e s t i n g  on t h e  t a i l  cone with t h e  r i g h t  

f u l l y  extended. The r i g h t  inboard f l a p  had separa ted  from the  wing and 
was found near  the  runway threshold.  

The !eading edge s l a t s  and t r a i l i n g  edge f l a p s  on both  wings were 

l e f t  s t a b i l i z e r  contained numerous per fo ra t ions ,and  t h e  r i g h t  s t a b i l i z e r  
The inboard and outboard a i l e r o n s  on both  wings were i n t a c t .  The 

was damaged extensively .  

The l e f t  main gear  had separated from t h e  a i r c r a f t ,  and i t  was 
loca ted  along t h e  wreckage path  about 150 f e e t  from t h e  a i r c r a f t .  The 
nose gear assembly f a i l e d  rearward and was embedded i n  t h e  fuse lage  a t  
s t a t i o n  735. The drag support  f o r  the  c e n t e r l i n e  gear  f a i l e d ;  t h e  gear 
r o t a t e d  a f t  about i t s  upper p i v o t  and was embedded i n  t h e  fuselage.  

and pylon assembly r o t a t e d  outboard about 45O,  but  remained under the  
wing. 

The No. 1 engine pylon separated from t h e  l e f t  wing. The engine 

The No. 2 engine remained i n t a c t  and i n  p l a c e  on t h e  f u s e l a g e  Pylon. 

pylon assembly r o t a t e d  inboard about 90'. The assembly remained under t h e  
The No. 3 engine pylon separa ted  from t h e  r i g h t  wing. The engine and 

r i g h t  wing. 

Examination of t h e  a i r c r a f t ' s  s t r u c t u r e ,  engines,  f l i g h t  c o n t r o l s ,  
and instruments revealed no evidence of preimpact f a i l u r e s  o r  malfunctions.  

Examination o f  t h e  c a p t a i n ' s  s ea t  d i sc losed  t h a t  t h e  rack d r i ve  
pinion and needle  bearing,  which was mounted on t h e  p e d e s t a l  above t h e  
dual e l e c t r i c  a c t u a t o r  and c l u t c h  assembly, disengaged from the  gear  s e c t o r  

pan. This  allowed t h e  s e a t  t o  move f r e e l y  i n  t h e  h o r i z o n t a l  plane. 
and gear  rack support ,  which was mounted wi thin  t h e  s e a t  bottom Support 

1.13 Medical and PatholoDical  Infonnat ion 

bruises .  They were no t  hosp i ta l i zed .  
Th i r t een  passengers were t r e a t e d  f o r  minor c u t s ,  abras ions ,  and 
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A female f l i g h t  a t t endan t  and two female passengers were hospi-  

ta l ized.  The f l i g h t  a t t e n d a n t ,  who jumped t o  the  ground from t h e  top 
of the  fuselage,  sus ta ined  p e l v i c  f rac tu res .  One of t h e  passengers 

of the  fuselage,  f r a c t u r e d  her  l e f t  ank le  and suf fe red  compression 
f ractured her  r i g h t  ankle. The o t h e r  passenger, who s l i d  o f f  t h e  top 

f r ac tu r e  of the  second lumbar ver tebra .  

1.14 F i r e  - 
The Massachusetts Por t  Authority F i r e  Department l o c a t e d  on the  Logan 
Airport ,  responded immediately and a r r i v e d  wi th in  3 minutes of t h e  c r a s h  
alarm t h a t  was a c t i v a t e d  by t h e  Boston Tower ground c o n t r o l l e r .  The City 
of  Boston F i r e  Department was a l s o  no t i f i ed .  Department firemen responded 
and a s s i s t e d  i n  the  rescue operations.  

The a i r c r a f t  caught f i r e  while it skidded along and o f f  t h e  runway. 

around the  l e f t  engine, and along t h e  l e f t  s i d e  of t h e  fuse lage  when they 
According t o  t h e  firemen, f i r e  was burning under t h e  l e f t  wing, 

a r r ived  a t  t h e  a i r c r a f t .  Fuel from a ruptured l e f t  wing f u e l  tank was 
feeding the  f i r e .  The firemen ext inguished t h e  f i r e  and spread a pro- 
t ec t i ve  foam cover on the  leaking fue l .  

1.15 Survival  Aspects 

This  was a su rv ivab le  accident.  

The a i r c r a f t  was equipped wi th  e i g h t  f l o o r- l e v e l  escape e x i t s ,  
four on each s i de  of the  fuselage.  A l l  e x i t s  were equipped wi th  auto-  
matic escape s l i de s .  The e x i t  doors could be opened e l e c t r i c a l l y ,  
pneumatically, o r  manually. 

forward (R-l) ,  r i g h t  a f t  ( R - 4 ) ,  and l e f t  a f t  ( L - 4 )  doors. They d id  not  
The f l i g h t  a t t e n d a n t s  repor ted  t h a t  they c o u l d  no t  open t h e  r i g h t  

attempt t o  open t h e  l e f t  No. 3 (L-3) door because of f i r e  near  t h a t  ex i t .  

mode, because a backstop, which holds  t h e  s t r i k e r  assembly a g a i n s t  t h e  
The R-1 door could no t  be opened i n  t h e  pneumatic, o r  emergency 

valve arm of t h e  a i r  b o t t l e ,  was bent. The bent backstop prevented 
a c t i v a t i o n  of the  a i r  b o t t l e  valve. When t h e  sys tem was proper ly  r igged,  
the  door operated pneumatically. 

Inspect ion of t h e  L-3, L- 4 ,  and R-4 doors revealed t h a t  t h e  a c t u a t i n g  
mechanisms operated f r e e l y  and were properly rigged. 

The f l o o r  f a i l e d  i n  t h e  a f t  cabin  a r e a  between fuse lage  s t a t i o n s  
1530 and 1850. The f l o o r  was displaced upward about 3 f e e t ,  causing many 
f a i l u r e s  of s ea t  t r a cks  and s ea t  r e s t r a i n t  components. None of the  s e a t s ,  
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however, completely detached. The f l o o r  and s e a t  displacement o b s t r u c t e d  
both  a i s l e s  i n  t h e  cabin. 

were blocked and they could no t  open the  L-4 and R-4 ex i t s .  Four of 
these  persons escaped through a break i n  t h e  top of t h e  fuselage.  They 
s l i d  o r  jumped t o  the ground. The f i f t h  person was l a t e r  rescued by t h e  
f l ightcrew. 

Five persons were trapped i n  t h e  a f t  fuselage,  because t h e  a i s l e s  

The remaining 162  persons escaped through t h e  four  open e x i t s .  
The R-2 e x i t  s l i d e  d id  no t  i n f l a t e  automat ical ly ,  bu t  it was s u c c e s s f u l l y  
i n f l a t e d  manually. The evacuation was completed i n  about 2 minutes. 

According t o  t h e  f l i g h t  a t t e n d a n t s ,  t h e  cabin  l i g h t s  went o f f  
a f t e r  t h e  f i r s t  impact. No one could r e c a l l  having seen the  emergency 
l i g h t s  i l lumina te ;  however, severa l  firemen repor ted  t h a t  some of the  
emergency e x i t  l i g h t s  were on. The b a t t e r y  packs which power t h e  cab in  
emergency l i g h t s  were t e s t ed ;  they were depleted. 

1.16 Tests and Research 

wi th  a Redifon Elec t ron ics ,  Inc., Visua la to r  System. The s imulator  was 
programed to  reproduce the  a i r c r a f t ' s  c h a r a c t e r i s t i c s  and the  approach 
and environmental condi t ions  t h a t  e x i s t e d  a t  t h e  t i m e  of t h e  accident .  
The o b j e c t i v e s  of t h e  s imulator  tests were to: (1 )  Fur ther  eva lua te  t h e  
DFDR data obta ined from the  acc iden t  a i r c r a f t ,  ( 2 )  observe the  performance 
of t h e  DC-10-30 au top i lo t l approach  coupler,  and (3) examine the  f l i g h t  
condi t ions  t h a t  confronted the  f l i g h t c r e w  of F l i g h t  933 during t h e  t ran-  
s i t i o n  from automatic to  manual f l i g h t .  

Tests were conducted i n  a McDonnell Douglas DC-10 s imulator  equipped 

Five p i l o t s  who were q u a l i f i e d  i n  t h e  DC-10-30 a i r c r a f t  p a r t i c i -  
pated i n  t h e  tests. Forty- eight approaches were flown using t h e  a u t o p i l o t /  

below. A l l  of the  approaches began when t h e  a i r c r a f t  was e s t a b l i s h e d  on 
approach coupler and a u t o t h r o t t l e  systems t o  an a l t i t u d e  of 200 f e e t  o r  

the  l o c a l i z e r  and g l i d e  s lope c e n t e r l i n e s ,  o u t s i d e  t h e  OM, and a t  an 
a l t i t u d e  of 1,500 feet .  The automatic speed con t ro l  was s e t  a t  145 kn. 

The winds a lof t ,which were derived from the  DFDR da ta ,  were pro- 
g r a m e d  i n t o  the  s imulator  f o r  the  i n i t i a l  t e s t s .  V a r i a t i o n s  i n  p i t c h  
a t t i t u d e ,  a i r speed ,  and t h r u s t  induced by these  winds were evident  through- 
out  the  approaches flown. The most no t iceab le  v a r i a t i o n s  were the  reduc- 
t i o n s  i n  t h r u s t  and p i t c h  a t t i t u d e  t h a t  occurred when the  a i r c r a f t  
descended through 200 feet .  

The average rate of  descent  from t h e  OM t o  an a l t i t u d e  of 400 f e e t  
was 840 fpm. The r a t e  of descent decreased to  780 fpm a s  t h e  a i r c r a f t  
neared 200 feet .  When the  a u t o p i l o t  was disengaged a t  200 f e e t ,  the  p i t c h  
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a t t i t ude  and t h r u s t  condi t ions  caused t h e  r a t e  of descent  t o  i n c r e a s e  t o  
1,170 fpm within  7 seconds. I f  a s u b s t a n t i a l  p i t c h  a t t i t u d e  i n c r e a s e  
was not i n i t i a t e d  wi thin  6 seconds a f t e r  disengagement, t h e  a i r c r a f t  
descended to  runway e leva t ion ,  before  reaching t h e  runway th resho ld ,  i n  
about 9 seconds. The p i l o t s  were unable t o  recover  from the  high descent 

made p i t ch  and t h r u s t  c o r r e c t i o n s  t h a t  r e s u l t e d ,  without f l a r e ,  i n  wheel 
r a t e  by adding t h r u s t  alone. When t h e  a u t o p i l o t  was l e f t  engaged, it 

contact on the  runway, 130 f e e t  beyond t h e  threshold.  

from tha t  recorded on the  DFDR. Through t r i a l  and e r r o r ,  t h e  programmed 
wind data were changed t o  produce t r a c e s  more c o n s i s t e n t  wi th  those  from 
the DFDR. The wind va lues  which' produced the  most c o n s i s t e n t  t r a c e s  a r e :  

Simulator data  recorded f o r  the  i n i t i a l  t e s t s  d i f f e r e d  only s l i g h t l y  
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winds a r e  a s  follows: 
Af te r  r e s o l u t i o n  i n t o  l o n g i t u d i n a l  and l a t e r a l  components, these  
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These winds were used f o r  a l l  subsequent t e s t s .  The t e s t s  demon- 

had t o  inc rease  t h e  p i t c h  a t t i t u d e  s i g n i f i c a n t l y  t o  p reven t  a touchdown 
s t r a t e d  t h a t  i m e d i a t e l y  following a u t o p i l o t  disengagement, t h e  p i l o t  

sho r t  of t h e  runway threshold.  The a u t o p i l o t ,  when l e f t  engaged, in -  

runway occurred only 21  f e e t  from the  threshold.  
creased the  p i t c h  a t t i t u d e ;  however, t h e  n o- f l a r e  wheel con tac t  on t h e  

Each p i l o t  f lew a t  l e a s t  two approaches t h a t  r equ i red  a t r a n s i -  
t i o n  from automat ic  f l i g h t  c o n t r o l  wi th  ins t rument  re fe rences  t o  manual 

180 and 160 f e e t  above t h e  runway elevat ion.  A l l  of t h e  p i l o t s  success- 
f l i g h t  c o n t r o l  wi th  v i s u a l  references .  The t r a n s i t i o n  was made between 

f u l l y  landed on t h e  runway. However, on severa l  approaches, t h e  wheel 
c lea rance  above an imaginary approach l i g h t  250 f e e t  from t h e  th resho ld  
was 10 f e e t  o r  less. On most of t h e  approaches, the  p i l o t s  appI ied  
e l e v a t o r  con t ro l  i n p u t s  wi th in  4 seconds a f t e r  t h e  a u t o p i l o t  was disen-  
gaged t o  i n c r e a s e  t h e  a i r c r a f t ' s  p i t c h  a t t i t u d e  t o  about 6O a.n.u. w i t h i n  
10 seconds. A l l  of t h e  p i l o t s  had observed t h e  f i r s t  t e s t s  and were aware 
of t h e  a c t i o n  requ i red  t o  prevent  a high r a t e  of descent from developing 
a f t e r  the  a u t o p i l o t  was disengaged. 

The dev ia t ion  t o  t h e  l e f t  of the  l o c a l i z e r  course t h a t  began as 
F l i g h t  933 neared 500 f e e t  could not  be reproduced i n  t h e  simulator.  
Consequently, a l a t e r a l  o f f s e t  was produced by o f f s e t t i n g  t h e  l o c a l i z e r  
course  125 f e e t  t o  t h e  l e f t  of the  V i s u l a t o r  runway cen te r l ine .  None of 
t h e  p i l o t s  had d i f f i c u l t y  r e a l i g n i n g  t h e  a i r c r a f t  wi th  t h e  runway a f t e r  
the  a u t o p i l o t  was disengaged. 

The p i l o t s  agreed t h a t  t h e  runway p i c t u r e  they saw from 200 f e e t  
was not  alarming enough t o  cause them t o  i n i t i a t e  a m i s s e d  approach. 
Several  p i l o t s  commented on t h e  s u b t l e  i n c r e a s e  i n  the  r a t e  of descent 
t h a t  followed a u t o p i l o t  disengagement. They a l s o  commented t h a t  i t  was 

cues a v a i l a b l e  because of the  programed,  4,000-foot runway v i s u a l  range. 
d i f f i c u l t  to  judge t h e  p i t c h  a t t i t u d e  and descent p r o f i l e  from t h e  v i s u a l  

1.17 Other Information 

h i s  d i s c r e t i o n ,  keep the  a u t o t h r o t t l e  system engaged during landing. 
I b e r i a n  o p e r a t i o n a l  procedures spec i fy  t h a t  t h e  c a p t a i n  may, a t  

l e t t e r  (AOL) No. 10-515, which s t a t e d  that one DC-10 o p e r a t o r  had repor ted  
I n  November 1973, t h e  Douglas A i r c r a f t  Company i s s u e d  a l l  o p e r a t o r s  

a bent backstop bracket  on t h e  a i r  b o t t l e  s t r i k e r  arm assembly. The bent 
bracket  prevented emergency opera t ion  of t h e  e x i t  door. Douglas noted 
t h a t  the  bracket  deformation may have occurred during t h e  incorpora t ion  
of t h e  p rov is ions  of Serv ice  B u l l e t i n  52-26. However, s i nce  the  Serv ice  
B u l l e t i n  had been complied wi th  on EC CBN during production,  the  Douglas 
AOL d id  not  i den t i f y  the  a i r c r a f t  a s  one which might have been a f f e c t e d .  
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The g l i d e  s lope antenna i n  t h e  DC-10-30 i s  mounted i n  t h e  nose 

section of the  a i r c r a f t .  Under mid-range c.g. condi t ions ,  t h e  v e r t i c a l  
distance between the  p a t h  of t h e  antenna and t h e  pa th  of t h e  bottoms of 
the a f t  landing gear  wheels i s  26.5 f e e t  when t h e  a i r c r a f t  i s  f l y i n g  a 
3' g l i de  s lope a t  recommended f i n a l  approach speeds. Excluding allow- 
ances f o r  i n s t a l l a t i o n  to le rances ,  beam i r r e g u l a r i t i e s ,  and t rack ing  
errors,  the  nominal c lea rance  of t h e  a f t  wheels of EC CBN would have been 
24.6 f e e t  above the  approach l i g h t  s tanchion and i . 8  f e e t  over t h e  threshold  
of  runway 33L, had t h e  a i r c r a f t  remained on t h e  3 g l i d e  slope. 

mended t h a t  the  TCH f o r  ILS  f a c i l i t i e s  be e s t a b l i s h e d  a t  50 f e e t  2 10 f o r  
category I f a c i l i t i e s  and 50 f e e t ,  f 10, -3 f e e t ,  f o r  Category I1 
f a c i l i t i e s .  These values  were based on an assumed maximum v e r t i c a l  
distance of 19  f e e t  between the  pa th  of t h e  a i r c r a f t ' s  g l i d e  s lope  antenna 
and the path  of t h e  lowest part. of t h e  wheels. Th is  combination would 
provide a nominal wheel c learance of about 30 f e e t  a t  t h e  runway threshold.  

In  1968, the  Convention on I n t e r n a t i o n a l  C iv i l  Aviat ion 51 recom- 

I n  1970, t h e  Aerospace I n d u s t r i e s  Assoc ia t ion  of America, Inc., 
conducted a study t o  eva lua te  minimum wheel c lea rances  a t  t h e  th resho ld  
and t o  a s s e s s  t h e  e f f e c t s  of inc reas ing  t h e  v e r t i c a l  d i s t a n c e  t o  29 f e e t  
between t h e  pa ths  of t h e  g l i d e  s lope  antenna and t h e  wheels on t y p i c a l  
wide-bodied a i r c r a f t .  The study concluded t h a t  a nominal wheel c lea rance  
of  20 f e e t  would p r e v a i l ,  wi th  a c lea rance  of  a t  l e a s t  10 f e e t  when a 

gl ide  s lope having a TCH of 47 feet .  Th is  study l e d  t o  t h e  FAA's 
reasonably probable combination o f  adverse  to le rances  was app l ied  t o  a 

approval of g l i d e  s lope  antenna i n s t a l l a t i o n s  t h a t  exceeded the  19-foot ! 
c r i t e r i a .  

standards f o r  the  r e l o c a t i o n  of Category I g l i d e  s lope  f a c i l i t i e s  a n d  
On February 24, 1972 ,  t h e  FAA i s sued  Order 8260.24 e s t a b l i s h i n g  

the i n s t a l l a t i o n  of new f a c i l i t i e s .  The maximum and minimum TCH's f o r  
those f a c i l i t i e s  au thor ized  f o r  category D 21 a i r c r a f t  were s p e c i f i e d  

nominal wheel c learance of  20 f e e t  above t h e  threshold.  This  height  was 
as 60 f e e t  and 47 f e e t ,  r espec t ive ly .  The minimum TCH was based on a 

considered s u f f i c i e n t  t o  account s a f e ly  f o r  d e v i a t i o n s  from the  g l i d e  

gl ide  s lope f a c i l i t y  a t  Logan I n t e r n a t i o n a l  Ai rpor t  had no t  been r e l o c a t e d  
slope because of system and f l i g h t  t echn ica l  e r ro rs .  The runway 33L 

to comply with t h i s  o rder  because of a lack of funds. 

- 41 Annex 10, Second Edi t ion ,  Volume 1, A p r i l  1968, I n t e r n a t i o n a l  Standards 
and Recommended P r a c t i c e s  Aeronautical  Telecommunications. 

5 /  An approach category of a i r c r a f t- t h e  approach speed i s  141 Icn. o r  - 
more, but  l e s s  than 166 kn., and t h e  maximum landing weight i s  more 
than 150,001 pounds. 
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following information on ILS approaches i n  a l e t t e r  t o  a l l  DC-10 
opera to rs :  

On Apr i l  10, 1973,  the  Douglas A i r c r a f t  Company . i ssued t h e  

"ILS Approach 

I f  ILS  i s  a v a i l a b l e ,  it should be used whenever p o s s i b l e  

most a c c u r a t e  f l i g h t  pa th  control .  Glide s lope  a n g l e s  f o r  
r e g a r d l e s s  of t h e  weather condi t ions ,  because it a f f o r d s  t h e  

the  I L S  vary from 2.5O t o  3'. The I L S  genera l ly  e s t a b l i s h e s  

however, i t  does not always,.,provide margins a s  l a r g e  a s  we 
a s a f e  touch-down p o i n t  d o k  t h e  runway beyond t h e  th resho ld ;  

would  l ike .  The minimum g l r d e  s lope  beam he igh t  above the  

mum Category I1 case  t h e  wheel he igh t  over the  th resho ld  
th resho ld  f o r  a Category I1 ILS  i s  47 feet .  For t h i s  mini-  

w i l l  be a t  l e a s t  20 f e e t  (no f l a r e )  . . . . By FAA recom- 
mended s tandards ,  a Category I beam can have a minimum he igh t  
over t h e  th resho ld  a s  low a s  40 fee t .  The no f l a r e  wheel 
he igh t  over t h e  th resho ld  w i l l  be down t o  13 f e e t  when t h e  
a i r p l a n e  i s  on a 2.5O g l ide- s lope  t h a t  c rosses  t h e  th resho ld  
a t  40 f e e t ,  however; a normal f l a r e  w i l l  r a i s e  t h i s  c lea rance  
by severa l  fee t .  Touchdown d i s t a n c e  (no f l a r e )  i n  t h i s  case  
would be 200 f e e t  from the  threshold. 

"Some Category I beams have a g l i d e  s lope  he igh t  over 
t h e  th resho ld  t h a t  i s  below t h e  FAA recommended minimum 

he igh ts  over the  th resho ld  and shorter . touchdown d i s tances .  
height  of 40 f e e t  which could r e s u l t  i n  even lower wheel 

.A "The above ILS approach examples a r e  p red ica ted  on the  

p i t c h  a t t i t u d e  wi th  no windshear. Momentary i n c r e a s e  i n  
f a c t  t h a t  the  a i r p l a n e  i s  on t h e  g l i d e  p a t h  a t  a s t a b i l i z e d  

p i t c h  a t t i t u d e ,  t h e  e f f e c t  of windshear and ILS beam bends 
and t o l e r a n c e s  a r e  a l l  adverse items t h a t  can resu l t  i n  wheel 
he igh t s  over  t h e  th resho ld  t h a t  are lower than those  s t a t e d  
above. 

be executed. The tendency t o  'duck under' the  g l i d e  s lope  
"Under no circumstances should a 'duck under'  maneuver 

i n  t h e  l a t t e r  s t age s  of the  approach can be obviously 

antenna i n  the  nose of the  DC-10 was t o  p o s i t i o n  t h e  a i r -  
dangerous. One of t h e  reasons  f o r  l o c a t i n g  t h e  g l ide- s lope  

plane on t h e  g l i d e  s lope such t h a t  t h e  p i l o t  would f e e l  
comfortable wi th  the  a i r p l a n e  i n  t h e  proper s l o t  a s  determined 
by v i s u a l  cues ( p i l o t ' s  s i g h t  p i c t u r e  of t h e  approach l i g h t i n g ,  
threshold ,  and runway l i g h t i n g ,  v i s u a l  aim po in t ,  e tc . )  when 
t h e  p i l o t  t r a n s i t i o n s  from ins t ruments  t o  visual .  Nothing 
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but  t r o u b l e  i n  the  form of a shor t  landing can r e s u l t  from 
a 'duck under' maneuver i n  t h e  DC-10 o r  any o t h e r  l a r g e  
j e t  a i r c r a f t .  

below t h e  g l i d e  s lope when approaching the  th resho ld  on an 
ILS approach. This  i s  e s p e c i a l l y  t r u e  on some Category I 
beams t h a t  have g l i d e  s lope he igh t s  over t h e  th resho ld  t h a t  
a r e  below t h e  FAA recommended minimum he igh t  of 40 fee t .  
Autopi lot  coupled approaches on t h e s e  runways must no t  be 
continued below 100 f e e t ,  because i t  w i l l  be necessary  t o  

ensure adequate wheel he igh t  c learance.  It is imperat ive  
f l y  above the  g l i d e  s lope when approaching t h e  th resho ld  t o  

t h a t  opera to rs  survey t h e i r  r o u t e  s t r u c t u r e  and inform t h e i r  

threshold." (Emphasis supplied.) 
p i l o t s  about the  runways having low g l i d e  s lope he igh t s  over  

"It can be seen t h a t  t h e  a i r p l a n e  must no t  be flown 

Ibe r i a  provided each p i l o t  wi th  a copy of the  above let ter,  sho r t l y  
r e ce ip t ,  and incorporated the  information i n t o  i t s  t r a i n i n g  program. 
the  cap ta in  o f  F l i g h t  933 received s imi lar  information during h i s  
t r a n s i t i o n  t ra in ing .  

a i r po r t s  on i t s  r o u t e s  t o  determine which of them had ILS runways w i t h  
low TCH's. 

Before t h e  acc iden t ,  I b e r i a  had n o t  conducted a survey of t h e  

2. ANALYSIS AND CONCLUSIONS 

2.1 Analysis 

respect ive  du t i e s  according wi th  the  laws and r e g u l a t i o n s  of the  Spanish 
Government. There was no evidence t h a t  medical f a c t o r s  o r  f a t i g u e  a f f e c t e d  
the f l ightcrews '  performance. 

The crewmembers were t r a i ned ,  q u a l i f i e d ,  and c e r t i f i c a t e d  f o r  t h e i r  

The a i r c r a E t  was c e r t i f i c a t e d ,  equipped, and maintained according 

within prescr ibed limits during the  approach. With t h e  except ion of t h e  
t o  r egu la t ions  and approved procedures. The g ross  weight and c.g. were 

bent backstop bracket  on the  a i r  b o t t l e  s t i c k e r  arm assembly, t h e r e  was 
no evidence of preimpact f a i l u r e  o r  malfunction of the  a i r c r a f t ' s  
s t ructure ,  powerplants, o r  systems. 

&The National  Transpor ta t ion  Safety  Board, the re fore ,  d i r e c t e d  i t s  
a t t en t ion  to  the  meteorological  and opera t iona l  f a c t o r s  t h a t  could have 
caused the  a i r c r a f t  t o  develop a high r a t e  of descent which l e d  t o  impact 
short of t h e  runway. .4 



The Wind Shear Phenomenon 

of t h e  acc iden t  suggested t h a t  a low a l t i t u d e  wind shear  was present .  
-The weather condi t ions  t h a t  e x i s t e d  i n  t h e  Boston a r e a  a t  the  time 

The problems a s s o c i a t e d  wi th  wind shear have been examined i n  
severa l  t h e o r e t i c a l  analyses  and analog simulations.CHowever, most s t u d i e s  
have been confined t o  the  e f f e c t  of the  shear on the  a i r c r a f t ' s  touchdown 
point ,  assuming no con t ro l  o r  t h r u s t  changes.-Apparently, l i t t l e  research  
has been done t o  consider  t h e  e f f e c t  of the  p i l o t ' s  performance on t h e  
a i r c r a f t ' s  f l i g h t  p r o f i l e  during and subsequent t o  t h e  a i r c r a f t ' s  passage 
through a wind shear. This more complex sub jec t ,  however, has been d i s-  
cussed hypothet ical ly .  k/ 

a u t o p i l o t  must make coordinated p i t c h  a t t i t u d e ,  t h r u s t ,  and heading 
changes t o  minimize dev ia t ions  from the  optimum f l i g h t p a t h  and a i r speed .-  
The d i r e c t i o n  and ex ten t  of the  dev ia t ions  w i l l  depend on the  charac- 
terist ics of the  shear and t h e  response of t h e  f l i g h t  c o n t r o l  system servo 

&When encountering a wind  shear  on f i n a l  approach, the  p i l o t  o r  

loops. 

-During a p r e c i s i o n  instrument approach through a wind shear charac- 

produced by t h e  i n i t i a l l y  s t a b l e  t a i lwind  n e c e s s i t a t e s  a higher- than-normal 
t e r i z e d  by a diminishing ta i lwind,  the  higher-than-normal ground speed 

r a t e  of descent f o r  t h e  a i r c r a f t  t o  remain on the  g l i d e  slope. Under these  
condi t ions  a lower p i t c h  a t t i t u d e  and less  t h r u s t  a r e  requ i red  than would 
be requ i red  during the  more common no-wind o r  headwind approach.-As t h e  
descent continues,  t h e  e f f e c t  of  the  shear  induced by a r a p i d  decrease  i n  

r e l a t i v e  t o  the  a i r  mass i n  which it i s  moving. The inc reased  v e l o c i t y  
t h e  t a i lwind  component i s  a r a p i d  i n c r e a s e  i n  the  v e l o c i t y  of t h e  a i r c r a f t  

causes t h e  i n d i c a t e d  a i r speed  t o  r i s e ,  and the  r e s u l t a n t  i n c r e a s e  i n  l i f t  
causes t h e  a i r c r a f t  to  r i s e  above t h e  g l i d e  slope. Both p i t c h  a t t i t u d e  
and t h r u s t  must be decreased f u r t h e r  to  l i m i t  dev ia t ions  from the  g l i d e  
s lope and t h e  t a r g e t  airspeed.  As the  a i r c r a f t  i n t e r c e p t s  the  g l i d e  s lope  
again,  t h e  p i t c h  a t t i t u d e  and t h r u s t  must  be increased t o  r e e s t a b l i s h  t h e  
des i red  r a t e  of descent and airspeed.  A s  the  t a i lwind  cont inues  t o  
diminish, o r  becomes an inc reas ing  headwind, readjustments of p i t c h  a t t i -  
tude and t h r u s t  must be made continuously. I dea l l y ,  t h e  a t t i t u d e  and 
t h r u s t ,  a t  any ins tan t , shou ld  be t h a t  r equ i red  t o  d e c e l e r a t e  the  a i r c r a f t  
a t  a r a t e  equal t o  the  r a t e  of change of  t h e  l o n g i t u d i n a l  wind component, 
while e s t a b l i s h i n g  a r a t e  o f  descent compatible wi th  t h e  ins tantaneous  
ground speed and the  g l i d e  s lope angle. A f t e r  passing through t h e  wind 

w i l l  descend below the  g l i d e  s lope,  because O F  t h e  continuous d e c e l e r a t i o n  
shear  and i n t o  wind wi th  a cons tan t  long i tud ina l  component, the  a i r c r a f t  

and r e s u l t a n t  l o s s  of lift .-Prompt p i t c h  c o n t r o l  changes and t h r o t t l e  

6/ w. W. Melvin, "Wind Shear on the  Approach," F l i g h t  Safe ty  Fac t s  and 
~~~~~~ ~~ 

- 
Analysis, Vol. 5, No. 3 (March 1974). 
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corrections a r e  requ i red  to  prevent  an i n c r e a s e  i n  the  r a t e  o f  descent.- 

required to  minimize dev ia t ions  from the  l o c a l i z e r  course  t h a t  a r e  caused 
by the diminishing speed $ t h e  crosswind component.% 

4 n  addi t ion t o  a t t i t u d e  and t h r u s t  changes, heading c o r r e c t i o n s  a r e  

-The hazard presented by a diminishing ta i lwind- type shear  on f i n a l  
approach i s  the  continuous need f o r  p i t c h  a t t i t u d e  changes and a d d i t i o n s  

placed i n  a high r a t e  of descent,  t h r u s t - d e f i c i e n t  condi t ion  c l o s e  t o  t h e  
t o  thrust.- If the  shear p e r s i s t s  t o  a low a l t i t u d e ,  t h e  a i r c r a f t  can be 

ground.-Under these  condi t ions ,  t h e  response of t h e  c o n t r o l  servo loops 
can be c r i t i c a l -  

How Wind Shear Affected F l i g h t  933 - 
surface winds a r e  usua l ly  r e p r e s e n t a t i v e  of the  winds wi th in  the  e a r t h ' s  
f r i c t i o n  l aye r ,  which extends from the  s u r f a c e  t o  e l e v a t i o n s  of 200 t o  
300 f ee t ,  these  winds probably extended t o  approximately those  e l e v a t i o n s .-  

A t  1541, t h e  s u r f a c e  wind a t  Logan was from 290' a t  9 kn. Since 

')At 1900, however, t h e  winds a l o f t  from 1,000 t o  3,000 f e e t  a t  
Chatham and Por t land were from a souther ly  d i r e c t i o n  a t  about 40 kn. Also, 
the 0700 observat ions  a t  these  l o c a t i o n s  and e l e v a t i o n s  showed winds of a 
similar  speed from a sou theas te r ly  d i rec t ion .  Consequently, t h e  wind 
velocity i n  the  Boston a r e a  a t  a l t i t u d e s  a s  low a s  1,000 f e e t  was near  40 
kn. from a sou ther ly  d i r e c t i o n  a t  t h e  t i m e  of t h e  accident .  These winds 
would have produced a t a i lwind  component of about 30 kn., a t  these  a l t i -  
tudes, f o r  an a i r c r a f t  f l y i n g  the  runway 33L l o c a l i z e r  course. L 

the DC-10 f l i g h t  s im i l a to r ,  provided more p o s i t i v e  evidence of t h e  wind 
conditions along F l i g h t  933 's  f i n a l  approach p r o f i l e .  The Safety  Board 
believes t h a t  t h e  wind condi t ions  der ived from the  s imulator  tests a r e  
the most r e p r e s e n t a t i v e  of those  a f f e c t i n g  t h e  a i r c r a f t .  

The.examination of DFDR data ,  including t h e  da ta  reproduced i n  

-The DFDR data  show t h a t  t h e  f l i g h t  descended from 500 f e e t  t o  200 
f e e t  i n  20 seconds. During the  20-second per iod,  t h e  l o n g i t u d i n a l  wind 
component changed from an 18-kn. t a i lwind  t o  a 3.3-kn. headwind, and t h e  
l e f t  crosswind decreased from 23 t o  4 kns.-Between these  a l t i t u d e s ,  
therefore,  the  long i tud ina l  wind shear  was about  7.1 kn. p e r  100 f e e t ,  
and the  l a t e r a l  wind shear was about 6.3 kn. p e r  100 feet.- 

DFDR data c l e a r l y  i n d i c a t e  t h e  e f f e c t s  of the  wind shear  on F l i g h t  
933. During the  i n i t i a l  p o r t i o n  of t h e  higher-than-normal r a t e  of  descent,  
the lower-than-normal p i t c h  a t t i t u d e s  and t h r u s t  s e t t i n g  were c o n s i s t e n t  
wi th  a f a i r l y  constant  tai lwind.  An 8' t o  loo d i f f e r e n c e  between a i r c r a f t  
heading and l o c a l i z e r  course was e s t a b l i s h e d  t o  c o r r e c t  f o r  t h e  l e f t  cross-  
wind. These f l i g h t  condi t ions  were e s s e n t i a l l y  s t a b l e ,  and the  l o c a l i z e r  
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and g l i d e  s lope dev ia t ions  were minimal u n t i l  t h e  a i r c r a f t  reached about 

above t h e  g l i d e  s lope,  and a dev ia t ion  l e f t  of t h e  l o c a l i z e r  course  
500 fee t .  Thereaf te r ,  a r a p i d  i n c r e a s e  i n  i n d i c a t e d  a i r speed ,  a r ise 

occurred. To compensate f o r  these  dev ia t ions ,  t h e  a i r c r 3 f t  p i t ched  down 
about lo, t h e  t h r u s t  was reduced, and a heading c o r r e c t i o n  t o  t h e  r i g h t  
was begun. 

a s  i t  descended through 260 fee t .  The e f f e c t  of t h e  t h r u s t  r educ t ion  
was evident  by a nega t ive  l o n g i t u d i n a l  acce le ra t ion .  However, t h e  i nd i-  
ca ted  a i r s p e e d  remained e s s e n t i a l l y  cons tan t ,  i n d i c a t i n g  t h a t  t h e  a i r -  
c r a f t ’ s  d e c e l e r a t i o n  approximated t h e  r a t e  of change of t h e  l o n g i t u d i n a l  
wind component. 

The a i r c r a f t  r e tu rned  t o  the  g l i d e  s lope  and p i t ched  up s l i g h t l y  

cont inue t h e  coupled approach because t h e  g l i d e  s lope was not  usab le  
The p i l o t ,  upon pass ing through 200 f e e t ,  was requ i red  t o  d i s -  

below t h a t  a l t i t u d e .  A t  300 f e e t ,  he saw t h e  approach l i g h t s ,  and he 
disengaged the  a u t o p i l o t  about 7 seconds l a t e r  a t  an a l t i t u d e  of 184 
fee t .  A t  t h a t  time, t h e  a i r c r a f t  was a t  a low p i t c h  a t t i t u d e ,  a low 
t h r u s t  condi t ion,  and s l i g h t l y  l e f t  of t h e  l o c a l i z e r  course. Also, t h e  

below the  a l t i t u d e  of t h e  wind shear band. 
a u t o p i l o t  was disengaged about t h e  same time t h a t  t h e  a i r c r a f t  descended 

+he Safety  Board b e l i e v e s  t h a t  t h e  wind shear  condi t ion  a lone  was 
no t  severe  enough t o  c r e a t e  an unmanageable problem f o r  t h e  c a p t a i n  of 
F l i g h t  933. However, when combined wi th  t h e  need t o  change from auto-  ./’ 

mat ic  f l i g h t  con t ro l  t o  manual f l i g h t  con t ro l ,  t h e  poor v i s u a l  cues and 
1 t h e  low wheel c learance a f fo rded  by t h e  combination of a i r b o r n e  and 
\ ground ILS equipment s e r i o u s  d i f f i c u l t i e s  were created.  - 
\ t r a n s i t i o n  from automat ic  to  manual f l i g h t  c o n t r o l  and the  emergence of 

t h e  a i r c r a f t  from the  wind shear produced a s e r i o u s  problem. The simu- 
l a t e d  a i r c r a f t  quickly and s u b t l y  developed a high r a t e  of descent,  which 

, requ i red  s i g n i f i c a n t  i n c r e a s e s  i n  p i t c h  a t t i t u d e  and t h r u s t  t o  a r r e s t .  

I c o r r e c t i o n s  might have been made. However, because h e  had t o  disengage 
Had t h e  cap ta in  of  F l i g h t  933 been a b l e  t o  r e t a i n  a u t o p i l o t  coupling,  these  

t h e  a u t o p i l o t ,  he became t h e  c o n t r o l  element i n  the  c o n t r o l  servo loop; 

t r o l  changes. 
t h e r e f o r e , h e  requ i red  a sensory s i g n a l  t o  a l e r t  him t o  t h e  need f o r  con- 

A s  demonstrated i n  t h e  f l i g h t  s imulator  t e s t s ,  t h e  concurrent  

! 

Although t h e  cap ta in  had t h e  runway th resho ld  i n  s i g h t ,  he could 
not  see  enough of the  runway t o  de r ive  an accura te  pe rcep t ion  o f  h i s  
a t t i t u d e ,  Moreover, because the  a i r c r a f t  was e s t a b l i s h e d  on t h e  g l i d e  
s lope when t h e  cap ta in  began h i s  t r a n s i t i o n  t o  v i s u a l  f l i g h t ,  and because 
h i s  f i r s t  v i sua l  observat ion was not  alarming,  he probably was no t  a n t i c i -  
pa t ing  t h e  need f o r  an immediate p i t c h  o r  t h r u s t  cor rec t ion .  F ina l l y ,  t h e  
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subt le  increase i n  t h e  ra te  of descent  and the more obvious need f o r  a ,~ 
l a t e r a l  co r r ec t ion  undoubtedly prolonged h i s  r ecogn i t i on  and r e a c t i o n  
time. 

The cap ta in  app l i ed  back p re s su re  t o  the con t ro l  column and over- 

had disengaged t h e  au top i lo t .  However, t h e  p i t c h  a t t i t u d e  and t h r u s t  
rode the  a u t o t h r o t t l e  system t o  i nc rease  t h e  t h r u s t  4 t o  5 sec. a f t e r  he 

changes were no t  s u f f i c i e n t  t o  reduce t h e  ra te  of  descent  adequately. 
,,During t h e  s imula tor  tests ,  judgment of  p i t c h  a t t i t u d e  was d i f f i c u l t  

because of t h e  l i m i t e d  v i s u a l  cues ava i l ab l e .  Furthermore, because o f  
the low p i t c h  a t t i t u d e ,  t h e  change r equ i r ed  was g r e a t e r  than changes 
associated with normal approach cor rec t ions .  The c a p t a i n  of  F l i g h t  933 
undoubtedly f e l t  h e  had made s u f f i c i e n t  cor rec t ion .  However, by t h e  
time he received o r a l  warnings and recognized and r eac t ed  t o  t h e  con- 
t inuing descent ,  impact s h o r t  of the runway was inev i t ab l e .  

Another f a c t o r  i n  t h i s  acc ident  was the low wheel clearance 
afforded DC-10 a i r c r a f t  by t h e  TCH of  t h e  runway 33L g l i d e  s lope  beam. 
Had F l igh t  933 been a b l e  t o  remain on t h e  g l i d e  s lope,  t h e  main landing 
gear wheels would have passed only 24.6 f e e t  above t h e  l i g h t  p i e r ,  which 
they s t ruck,  and 7.8 f e e t  above t h e  runway threshold. The Safe ty  Board 
bel ieves t h a t  t he se  c l ea rances  are too low f o r  t h e  e x i s t i n g  ILS weather 
minima. Moreover, t h e  TCH was not  publ i shed  i n  o f f i c i a l  U. S. i n s t r u-  
ment approach procedures and was unknown t o  t h e  cap ta in  of  F l i g h t  933. 
(See Appendix F.) 

locat ing t h e  g l i d e  s lope  r e c e i v e r  antenna i n  wide-bodied a i r c r a f t .  
The Safe ty  Board recognizes t h e  d i f f i c u l t i e s  a s s o c i a t e d  wi th  

However, primary emphasis has  been placed on opt imizing t h e  antenna 

where the  s p z c i f i c a t i o n s  r e q u i r e  3 minimum TCH of 47 f e e t ,  a u sab le  g l i d e  
locat ion f o r  automatic  approaches conducted on Category I1 f a c i l i t i e s ,  

slope t o  a DH of 100 f e e t ,  and a g l i d e  s lope  i n t e r c e p t i o n  p o i n t  on t h e  
runway of no t  less than 950 f e e t  from the threshold.  Under t he se  con- 
di t ions ,  a g l i d e  s lope  which provides a nominal wheel c learance  of  20 

t ion  of adverse to le rances ,  may a f f o r d  an  adequate margin of  safety.  
f e e t  above t h e  th reshold ,  o r  10 fee t  wi th  a reasonably probable combina- 

Approaches on Category I f a c i l i t i e s ,  however, a re  a d i f f e r e n t  
matter,  and al though t h e  FAA and t h e  a i r c r a f t  i ndus t ry  have recognized 
the hazards of approaches on these  f a c i l i t i e s ,  t h e  Safe ty  Board be l i eves  
tha t  the  hazards should be eliminated. A combination of a i r b o r n e  and 
ground equipment which, when used proper ly ,  can l ead  a p i l o t  i n t o  a 
precarious s i t u a t i o n  i s  i nhe ren t ly  unsafe. Also, s i nce  t h e  merits  o f  a 

quires  t h e  p i l o t  t o  change h i s  f l i g h t  p r o f i l e  nea r  DH, and a c t u a l l y  f l y  
s t a b i l i z e d  approach a re  too  well known f o r  d i spute ,  a p r a c t i c e  t h a t  re- 

the a i r c r a f t  above t h e  g l i d e  s lope  t o  t h e  p o i n t  of f l a r e  i n  o rde r  t o  
prevent a sho r t  landing,  does no t  provide a s a f e  so lu t ion .  
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I f  ILS  g l i d e  s lope t r a n s m i t t e r s  a r e  r e l o c a t e d  i n  accordance wi th  

p i l o t s  of wide-bodied a i r c r a f t  using Category I f a c i l i t i e s .  Where i t  
FAA Order 8260.24, a g r e a t e r  margin of s a f e t y  w i l l  be provided t o  t h e  

i s  imprac t ica l  t o  r e l o c a t e  the  t r a n s m i t t e r s ,  t h e  Safety  Board b e l i e v e s  
t h a t  dec i s ion  he igh t s  and v i s i b i l i t y  minimums should be r a i s e d  sub- 
s t a n t i a l l y  f o r  Category D a i r c r a f t .  Addi t iona l ly ,  t h e  TCH's f o r  a l l  

approach char ts .  
I L S  f a c i l i t i e s  should be publ ished i n  t h e  o f f i c i a l  U. S. instrument 

problems during t r a n s i t i o n  from instrument t o  v i s u a l  re fe rences  near  b' 
DH i s  t h e  a v a i l a b i l i t y  of adequate v i s u a l  cues t o  provide v e r t i c a l  
guidance. These cues should provide t h e  p i l o t  wi th  i n s t a n t  recogni t ion  
of h i s  p o s i t i o n  r e l a t i v e  t o  the  s a f e  approach slope. A VAS1 system i s  
capable of providing t h i s  information and should be i n s t a l l e d  wi th  a l l  
ILS  f a c i l i t i e s  used by a i r  c a r r i e r  a i r c r a f t .  (See Appendix F.) 

A s  confirmed by the  s imulator  t e s t s ,  one of the  most s e r i o u s  

and f requent ly  measuring and r e p o r t i n g  winds a l o f t  over o r  near  an 
Currently,  opera t iona l  equipment t h a t  i s  capable of a c c u r a t e l y  

measuring and r e p o r t i n g  wind shear i s  not  a v a i l a b l e ,  a l though an a c o u s t i c  
a i r p o r t  i s  no t  ava i lab le .  Likewise, opera t iona l  equipment capable of 

doppler system f o r  measuring wind shear has been developed and tes ted 
w i t h  favorable  r e s u l t s .  Consequently, the  Safety  Board b e l i e v e s  t h a t  

winds a l o f t ,  including wind shear,  should be emphasized. (See Appendix 
the  development of systems capable of a c c u r a t e l y  measuring and r e p o r t i n g  

F. ) 

S u r v i v a b i l i t y  Aspects 

The a i r c r a f t  and passengers s e a t  r e s t r a i n t  mechanisms remained 
i n t a c t  throughout the  c rash  sequence. These f a c t o r s ,  i n  conjunct ion 
wi th  r e l a t i v e l y  l o w  dece le ra t ion  fo rces ,  permit ted  t h e  occupants t o  
surv ive  t h e  c rash  wi th  only minor i n ju r i e s .  The low i n j u r y  r a t e ,  i n  
tu rn ,  proved s i g n i f i c a n t  i n  enabling t h e  occupants t o  evacuate t h e  a i r -  
c r a f t  quickly. The quick and e f f i c i e n t  evacuat ion,  t h e  r e l a t i v e l y  slow 
propagat ion of the f i r e ,  and t h e  rap id  response of t h e  f i r e  department 
reduced t h e  post- crash f i r e  hazard s u b s t a n t i a l l y .  

Seat came loose  a f t e r  the  a i r c r a f t  s t ruck  t h e  embankment. However, t h e  
impact f o r c e s  probably d i s t o r t e d  t h e  gear  rack support  s u f f i c i e n t l y  t o  
disengage t h e  rack d r i ve  pinion and needle  bear ing from the  s e a t  support  
mechanism. Af te r  the  impact, the  high noseup a t t i t u d e  and p o s i t i v e  
a c c e l e r a t i o n  of the  a i r c r a f t  would have forced the  s e a t  t o  i t s  a f t  limits 
of t r ave l .  

The Safety  Board could not  determine p o s i t i v e l y  why the  c a p t a i n ' s  

I 
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Three major f a c t o r s  combined t o  reduce t h e  s e v e r i t y  of  the f i r e :  

(1) Type A kerosene f u e l  wi th  a high f l a shpo in t ,  (2 )  f u e l  d i d  n o t  
co l lec t  i n  puddles because of the  s lope  of t h e  terrain,  and (3 )  t h e  low 
temperature of t h e  f u e l  caused by t h e  long f l i g h t  a t  h igh  a l t i t u d e .  

The r i g h t  forward e x i t  door f a i l e d  t o  func t ion  because of  t h e  

bring the  problem t o  the a t t e n t i o n  of a l l  DC- 10 opera tors .  However, 
deformed backstop bracket.  The manufacturers  had i s sued  a l e t t e r  t o  

had been accomplished during production. Consequently, i t  i s  l i k e l y  
the le t te r  did n o t  apply t o  EC CBN s ince  the  Serv ice  B u l l e t i n  changes 

that  the  backstop was deformed before  de l ive ry  of  EC CBN t o  I b e r i a  A i r  
Lines. The FAA has s ince  i s sued  an  a i rwor th ines s  d i r e c t i v e  r equ i r ing  
replacement of t h e  bracke t  w i th  one made of  s t ronge r  mater ia l .  

The reason t h e  two a f t  e x i t  doors f a i l e d  t o  open could n o t  be 

matically when t e s t e d  later.  It i s  poss ib l e  t h a t ,  under t h e  s tress  
determined. Both doors were properly r igged,  and they opera ted  pneu- 

of the s i t u a t i o n ,  t h e  f l i g h t  a t t endan t  d id  n o t  apply s u f f i c i e n t  f o r c e  
( 3 5  pounds) t o  t h e  door con t ro l  handle t o  a c t u a t e  t h e  emergency system. 

2.2 Conclusions 

( a )  Findings 

1. 

2. 

3. 

- 4 .  

- 5. 

There was no evidence of a malfunct ion o r  damage t o  t h e  
a i r c r a f t ' s  s t r u c t u r e ,  f l i g h t  instruments ,  f l i g h t  con t ro l s ,  
o r  powerplants before  impact w i th  t h e  approach l i g h t  
p i e r s .  

When F l i g h t  933 approached Logan I n t e r n a t i o n a l  A i rpo r t ,  
t h e  weather condi t ions  were: I n d e f i n i t e  c e i l i n g  a t  300 
f e e t ,  sky obscured, and v i s i b i l i t y - 3 / 4  mile i n  moderate 
r a i n  and fog. 

F l i g h t  933 was conducting a coupled ILS approach t o  run- 
way 33L; t h e  a u t o t h r o t t l e  system was engaged. 

F l i g h t  933 encountered a mean long i tud ina l  wind shear of 
about 7 . 1  kn. p e r  100 feet and a mean lateral  shear of 
about 6 . 3  kn. p e r  100 fee t  between 500 and 200 feet.  

The e t tec ts  a t  the  wind shear  on t h e  a i rcra t t  were most 
pronounced a t  a time when t h e  cap ta in  had to t r a n s i t i o n  r i  -I 

manual f l i g h t  wi th  v i sua l  references.  
from automatic  f l i g h t  w i th  instrument  r e f e rences  t o  
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The poor v i sua l  cues a v a i l a b l e  because. of t h e  low c e i l i n g  
and v i s i b i l i t y  made the  v i s u a l  de tec t ion  of the  a i r c r a f t ' s  
p i t c h  a t t i t u d e  and r a t e  of descent d i f f i c u l t ;  runway 33L 
was not  equipped wi th  a v i s u a l  approach s lope  ind ica to r .  

F l i g h t  s imulator  t e s t s  showed t h a t ,  under t h e  e x i s t i n g  
f l i g h t  condi t ions ,  a s i g n i f i c a n t  p i t c h  a t t i t u d e  i n c r e a s e  
and t h r u s t  a d d i t i o n  were requ i red  wi th in  6 seconds a f t e r  
the  a u t o p i l o t  was disengaged t o  a r r e s t  t h e  high r a t e  of 
descent  induced by t h e  wind shear. 

The cap ta in  of F l i g h t  933 made s i g n i f i c a n t  p i t c h  a t t i t u d e  
and t h r u s t  c o r r e c t i o n s  wi th in  9 seconds a f t e r  he had 
disengaged t h e  a u t o p i l o t .  These c o r r e c t i o n s  were made too 
l a t e  t o  avoid  c o l l i s i o n  with t h e  approach l i g h t  p ie r s .  

The runway 33L g l i d e  s lope was unusable below 200 f ee t .  

With a DC-10-30 a i r c r a f t  on the  g l i d e  slope,  the  low TCH 
of the  runway 33L g l i d e  s lope beam (34.3 f e e t )  provided 
only 7.8 f e e t  of  a i r c r a f t  wheel c learance over the  runway 
th resho ld  and only 24.6 f e e t  of c lea rance  over the  approach 
l i g h t s  which were s t ruck  first. 

The runway 33L g l i d e  s lope t r a n s m i t t e r  had no t  been r e l o c a t e d  
i n  accordance with FAA Order 8260.24. 

6. 

-7. 

6. 

9. 

10. 

11. 

r e l c  
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(See 

t o  t 
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ope1 

mat€ 
i n s €  
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(b)  Probable Cause 

probable cause of t h i s  acc iden t  was t h a t  t h e  cap ta in  d id  n o t  recognize,.,  
-The National  Transpor ta t ion  Safety  Board determines t h a t  the  

and may have been unable t o  recognize,an increased r a t e  of  descent i n  

&The increased r a t e  of descent was induced by an encounter with a low- 
time t o  a r r e s t  it before  the  a i r c r a f t  s t ruck  the  approach l i g h t  piers.-  

a l t i t u d e  a d  a t  a c r i t i c a l  po in t  i n  the  landing approach where 
he was t r a n s i t i o n i n g  fr,Jm automatic f l i g h t  con t ro l  under instrument 
f l i g h t  condi t ions  t o  manual f l i g h t  con t ro l  wi th  v i s u a l  references .+ 
The c a p t a i n ' s  a b i l i t y  t o  d e t e c t  and a r r e s t  t h e  increased r a t e  of descent 
was adversely  a f f e c t e d  by a lack of i n f o r m t i o n  a s  t o  t h e  e x i s t e n c e  of i 
t he  wind shear and t h e  marginal v i s u a l  cues ava i lab le .  i The minimal 
DC-10 wheel c learance above the  approach l i g h t s  and t h e  runway th resho ld  
afforded by the  ILS g l i d e  s lope made the  response time c r i t i c a l  and, 
under t h e  circumstances, produced a s i t u a t i o n  wherein a p i l o t ' s  a b i l i t y  
t o  make a s a f e  landing was g r e a t l y  diminished. 

Nove 

3. R E C O W N D A T I O N S  

The S a f e t y  Board made a recommendation (SR A-74-55) t o  t h e  FAA 
on J u l y  10, 1974, to  continue t o  i n s t a l l  VASI's on a l l  ILS runways used  
by a i r  c a r r i e r  a i r c r a f t  wi th  f i r s t  p r i o r i t y  to Category I approaches. 
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to  the FAA (SR A-74-77 through 83.) These recommendations involved t h e  
relocat ion of ILS g l i d e  s lope  t r ansmi t t e r s ,  changes t o  ILS approach 
procedure c h a r t s  and ILS weather minima, mod i f i ca t ion  of p i l o t  t r a i n i n g  
and information programs t o  i nc lude  wind shear  phenomenon, and t h e  
development of equipment and systems t o  measure and r e p o r t  wind shear. 
(See Appendix F.) 

On October 3, 1974, t h e  Safe ty  Board made seven recommendations 

On Apr i l  4, 1974, t h e  FAA i s sued  an  a i rwor th ines s  d i r e c t i v e  t o  
correct de f i c i enc i e s  i n  t h e  backstop bracket  t h a t  prevented emergency 
operation of t h e  e x i t  door. The a i rwor th ines s  d i r e c t i v e  r equ i r ed  p e r i o d i c  

material. 
inspection of the  bracket  u n t i l  i t  i s  rep laced  wi th  one made of  s t r o n g e r  

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

i s /  JOHN H. REED 
Chairman 

i s /  FRANCIS H. McADAMS 
Member 

/ s i  LOUIS M. THAYER 
Member 

/ s i  ISABEL A. BURGESS 
Member 

/ s i  WILLIAM R. HALEY 
Member 

November 8, 1974 
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APPENDIX A 

INVESTIGATION AND HEARING 

1. Inves t iga t ion  

The National  Transpor ta t ion  Safe ty  Board was n o t i f i e d  o f  t h e  accident  
a t  1605 on December 1 7 ,  1973. The S a f e t y  Board immediately d ispatched an 
inves t iga t ive  team t o  Boston.  The team e s t a b l i s h e d  i n v e s t i g a t i v e  groups 
f o r  opera t ions ,  a i r  t r a f f i c  c o n t r o l ,  wi tnesses ,  weather, human f a c t o r s ,  
s t ruc tures ,  powerplants, systems, and f l i g h t  d a t a  r ecorde r .  

Iber ia  A i r l i n e s ,  I n t e r n a t i o n a l  Federat ion of A i r l i n e  P i l o t s  Associa t ion,  
McDonnell Douglas Corporation,  and General  E lec t r ic  Company. 

2 .  Hearing 

P a r t i e s  t o  t h e  i n v e s t i g a t i o n  were: The Federa l  Aviat ion Adminis t ra t ion,  

No pub l i c  hea r ing  was he ld .  
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APPENDIX B 

CREW INFORMATION 

Captain J e sus  Calderon Gaztelu 

APPENDIX B 

Apr i l  29, 1953. He holds  P i l o t o  Transporto License No. 172, which had been 
Captain J e sus  Calderon Gaztelu,  53, was employed by I b e r i a n  A i r l i n e s  on 

renewed on J u l y  1 7 ,  1973. He passed a medical examination be fo re  h i s  l i c e n s e  
was renewed. License renewal must be accomplished each b months. 

i n  the DC-10. I n  the 90, 30-, and 1-day per iods  before  t h e  acc ident ,  he f l ew  
Captain Calderon had accumulated 21,705 f l i gh t- hour s ,  inc luding  426 hours  

October 19, 1973. 
148, 78, and 7 hours,  r e spec t ive ly .  He had completed r e f r e s h e r  t r a i n i n g  on 

F i r s t  O f f i c e r  Alfredo Perez Vega 

F i r s t  O f f i c e r  Alfredo Perez Vega, 54, was employed by I b e r i a n  A i r l i n e s  on 
November 18, 1946. He holds  P i l o t o  Transporto License No. 408, and h e  had 
passed a medical examination t o  renew h i s  l i c e n s e  o n  December 15, 1973. 

403 hours  i n  t h e  DC-10. In t h e  90-, 30-, and 1-day pe r iods  be fo re  t h e  
F i r s t  O f f i c e r  Perez accumulated 34,189 f l i g h t  hours ,  inc luding  

acc ident ,  he f l e w  165, 68, and 7 hours,  r e spec t ive ly .  He had completed 
r e f r e s h e r  t r a i n i n g  on  October 9, 1973. 

F l i g h t  Engineer Celedonio Mart in Santos 

F l i g h t  Engineer Celedonio Martin Santos,  42, was employed by I b e r i a n  
A i r l i n e s  on December 13, 1952. He holds  Mecanico License No. 175; i t  must 
be renewed annual ly,  which was l a s t  accomplished 01 May 14, 1973. He passed 
t h e  p r e r e q u i s i t e  medical examination. 

F l i g h t  Engineer Martin had 15,317 f l i gh t - hour s ,  inc luding  263 i n  the  DC-10. 
During t h e  90-, 30-, and 1-day pe r iods  be fo re  t h e  acc ident ,  he f l ew  164, 74, 
and 7 hours ,  r e spec t ive ly .  

Radio Operator-Navigator Candido Garc ia  Bueno 

A i r l i n e s  on December 9, 1941. He holds  Radio Operator License No. 204, which 
had been renewed September 2 ,  1973. He passed t h e  medical examination f o r  
renewal of h i s  l i c ense .  

Radio Operator-Navigator Candido Garc ia  Bueno, 51, was employed by I b e r i a n  

Radio Operator-Navigator Garcia  had accumulated 14,562 f l i gh t - hour s ,  
inc luding  384 hours  i n  t h e  D C- 1 0 ,  During the 90-, 30-, and 1-day per iods ,  
before  t h e  acc ident ,  h e  f l e w  164, 74, and 7 hours,  r e spec t ive ly .  
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APPENDIX B 

n t h e  D C- 1 0 .  
164, 74 ,  

by I b e r i a n  
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APPENDIX C 

AIRCRAFT INFORMATION 

EC CBN was owned and operated by I b e r i a n  A i r l i n e s .  I t s  d a t e  of 
manufacture and manufacturer ' s  s e r i a l  no.  were March 20, 1973, and 1,073, 
respec t ive ly .  The a i r c r a f t  had accumulated 2,016:29 hours t ime i n  s e r v i c e  
including 568:26 hours s ince  t h e  l a s t  major inspec t ion .  

E C  CBN was powered by t h r e e  CF6-50 turbofan j e t  engines manufactured 
by the  General E l e c t r i c  Company. 

The engine s e r i a l  nos. and t imes i n  s e r v i c e  were a s  fol lows:  

Engine No. 

1 
2 
3 

S e r i a l  N o .  T i m e  

455,255 .1,028: 15 
455,142 912:45 
455,313 406: 35 



LEGEND: 

1. RIGHT HORlZOh 
2. CONTROL SURFA 
3. PIECE OF AIRCf  
4. M A I N  GEAR SEG 
5. PIECE OF CONTF 
6. PIEC: 3 CONTF 

8. LAM? HOLDER (i 
7. TRANSFORMER I 

9. SECTION OF A l h  
10. SEGMENT OF FLP 
11. TRANSFORMER 0 
12. LAMP HOLDER 0 
13. LAMP HOLDER (1 
14. LAM? HOLDER (I 
15. LAMD HOLDER (I 

~ ~. 

16. CENTER LINE GC 
17. AFT ENGINE COV 
18. LIGHT SOCKETI, 
19. TRANSFORMER !I 
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PLAN VIEW - WRECKAI 

LEGEND: 

2. CONTROL SURFACE PANEL 
1. RIGHT HORIZONTAL STABILIZER S K I N  

4. M A I N  GEAR SEGMENT 
3. PIECE OF AIRCRAFT STRUCTURE 

5. PIECE OF CONTROL SURFACE PANEL I'x3' 20. LAMP HOLDER (AIRPORT FACILITY) 35. FORWARD ENGINE COWL D 
6. PIEC: aF CONTROL SURFACE PANEL 2'xE' 21. SEGMENT OF FLAP AND VANE E'x18' 36. COWL ACCESS DOOR 
7. TRANSFORMER (AIRPORT FACILITY) 22. PIECE OF AIRCRAFT STRUCTURE 
8. LAM? HOLDER (AIRPORT FACILITY) 23. PIECE OF GEAR STRUCTURE 

37. AIRCRAFT STRUCTURE 
38. GEAR STRUCTURE SEGMEN 

10. SEGMENT OF FLAP AND VANE 
9. SECTION OF AIRCRAFT S K I N  24. SEGMENT OF M A I N  GEAR CYLINDER 

25. SEGMENT OF GEAR STRUCTURE 
39. FORWARD ENGINE COWL D 

11. TRANSFORMER (AIRPORT FACILITY) 26. SEGMENJ OF GEAR STRUCTURE 
40. WING FUSELAGE FAIRING 
41. ENGINE CONTROL WITH HC 

12. LAMA HOLDER (AIRPORT FACILITY) 
13. LAMP HOLDER (AIRPORT FACILITY) 

27. RIGHT MAIN GEAR DUAL WHEEL ASSEMBLY 42. PIECE OF AIRCRAFT STRU' 
28. PIECE OF FLEX HOSE 1.5 DIA. 43. AIRCRAFT STRUCTURE 

14. LAMP HOLDER (AIRPORT FACILITY) 
15. LAM? HOLDER (AIRPORT FACILITY) 

29. PIECE OF M A I N  GEAR 
30. RIGHT MAIN GEAR DUAL WHEEL ASSEMBLY 45. MAIN WRECKAGE 

44. LEFT M A I N  GEAR 

16. CENiER LINE GEAR DOOR 31. M A I N  GEAR HUB SEGMENT WITH 18" BRACE 
17. AFT ENGINE COWL DOOR 32. CONTROL SURFACE TRAILING EDGE Z'x5' 
18. LIGHT SOCKET (AIRPORT FAClL lTYl  33. AIRCRAFT STRUCTURE 
19. TRANSFORMER (AIRPORT FACILITY) 34. COWL ATTACH LUG 
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APPROACH LIGHT SYSTEM DAMAGE 
O O N O  DAMAGE 

NOTE: DRAWINGS ARE NOT TO SCALE 

I 
I 

34922' 1 
,/LEFT M A I N  GEAR AND - CENTER GEAR MARKS 

PLAN VIEW - WRECKAGE DISTRIBUTION 

APPENDIX D - 
'X181 
ITYI 35. FORWARD ENGINE COWL DOOR 

36. COWL ACCESS DOOR NATIONAL TRANSPORTATION SAFETY BOARD 

38. GEAR STRUCTURE SEGMENT 

40. WING FUSELAGE FAIRING WRECKAGE DISTRIBUTION CHART 
41. ENGINE CONTROL WITH HOUSING 

43. AIRCRAFT STRUCTURE DOUGLAS DC-10-30 IB 933, EC CBN 
ASSEMBLY 45. M A I N  WRECKAGE 

44. LEFT M A I N  GEAR 

E 37. AIRCRAFT STRUCTURE WASHINGTON, D X .  

IDER 39. FORWARD ENGINE COWL DOOR 

ASSEMBLY 42. PIECE OF AIRCRAFT STRUCTURE 
IBERIA LINEAS ARERAS de ESPANA 

LOGAN INTERNATIONAL AIRPORT 
BOSTON, MASSACHUSETTS 

DECEMBER 17, 1973 
-I 18" BRACE 
IGE Z'x5' 

OCA 74-A-14 
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NATIONAL TRANSPORTATION SAFETY BOARD 

WASHINGTON, D.C. 

APPENDIX E 

ISSUED: July  10, 1974 

On October 28, 1973, Piedmont A i r  Lines F l i g h t  20, ocB-737, 
Was involved i n  an acc iden t  a t  t h e  Greensboro-High Point-Winston 
Salem Regional  Ai rpor t ,  a t  Greensboro, North Carol ina.  The f l i g h t  
Was a t tempt ing  a p r e c i s i o n  apprcach (ILS) t o  runway 14. The acci- 
dent occurred dur ing darkness, a heavy rainshower, and r e s t r i c t e d  
v i s i b i l i t y .  

November 27, 1973, a Delta A i r  Lines CC-9-32 was involved i n  an 
Two similar acc iden t s  have a l s o  occurred r ecen t ly .  On 

accident  at Chattanooga, Tennessee, and on December 17, 1973, an 

Airport ,  i n  Boston, Massachusetts. Both a i r c r a f t  were making pre -  
Ibe r i an  E-10-30 was involved i n  a n  acc iden t  at  Logan I n t e r n a t i o n a l  

c i s ion  approaches dur ing meteorological  condi t ions  tht included 
low c e i l i n g s  and l i m i t e d  v i s i b i l i t y .  The i n v e s t i g a t i c n s  of t h e s e  
acc idents  r evea l ed  an a r e a  i n  t h e  approach- to- landing phase of 
f l i g h t  that can be m d e  s a f e r  by a d d i t i o n a l  approach guidance.  

Although v e r t i c a l  guidance was provided i n  each c a s e  by an  
e l ec t ron ic  g l i d e  s lope ,  no v i s u a l  approach s lope  i n d i c a t o r  (VASI) 

crew had t o  r e l y  only  on v i s u a l  cues dur ing the  f i n a l  c r i t i c a l  
system was i n s t a l l e d  f o r  any of the  approaches.  Therefore ,  t h e  

s tage of t h e  a?:,roach. The Sa fe ty  Board r e a l i z e s  that a VASI is 
no t  requi red ;  however, t h e  Board be l i eves  t h a t  t h e  i n s t a l l a t i o n  
of a VASI i n  c o n j w c t i o n  w i t h  a full ILS should not be considered 
a dupl ica t ion  of equipment, as these  acc iden t s  i n d i c a t e  that 
add i t i ona l  v e r t i c a l  guidance is needed t o  cornplement t h e  e l e c t r o n i c  
g l ide  s lope.  

1312 i 
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APPENDIX E 

Honorable Alexander P. Bu t t e r f i e ld  (2) 

The i n s t a l l a t i o n  of a VASI on a prec i s ion  approach runway would 
not  replace t h e  g l i d e  s lope as the  primary means of v e r t i c a l  guidance, 

below decision height (DH) . A VASI would, however, do much t o  enhance 
nor would it change the  i n t e n t  of 14 CFR 91.117 regarding descent 

the sa fe ty  f a c t o r  by allowing the  p i l o t  t o  t r ans fe r  to t h e  v i s u a l  
por t ion of the approach and s t i l l  r e t a i n  a display of his approach 
path, s ince  during periods of low v i s i b i l i t y ,  the v i s u a l  cues a v a i l -  
ab l e  from the  approach l i g h t s  and the  approach end of t h e  runway may 
be  inadequate. 

and ground warning systems, the Administrator apparent ly  agreed i n  
s t a t i n g :  “The VASI would provide v e r t i c a l  guidance a t  normal descent 
rates for the visual segments o f . t h e  approach. Th i s  r e s u l t  would be 
a g rea t e r  degree of a l t i t u d e  awareness through the  procedure.” 

The captain  of t h e  Delta E-9 s t a t e d  that he bel ieved the 
approach was noma1 u n t i l  j u s t  before  impact, when h i s  s i g h e  p i c t u r e  
suddenly flattened. Possibly,  he was experiencing an o p t i c a l  i l l u s i o n  
caused by the heavy r a i n  on t h e  a i r c r a f t  windshield. Had there been 
a VAS1 available, t h e  cap ta in  would have been warned that the a i r c r a f t  
was descending below glidepath.  

I n  r e p l i e s  t o  previous NTSB r e c m e n d a t i o n s  concerning a l t i t u d e  

Several  major a i r p o r t s  have been c e r t i f i c a t e d  which have 
prec i s ion  approaches where t h e -g l i d e  s lope i s  unusable below DH. 

are only two of these  a i r p o r t s .  If a VASI were ava i l ab l e  f o r  
Logan In t e rna t iona l  Airport  and Los Angeles In t e rna t iona l  Airport  

ava i l ab l e  from DH t o  landing. I n  addi t ion,  VASI could a l s o  be used 
approaches of t h i s  type, more pos i t i ve  v e r t i c a l  guidance Would be 

when the  approach becomes v i s u a l  before t h e  aircraft reaches DH. 
The p i l o t  who knows that the g l ide  s lope w i l l  exceed to le rances  
below DH should i n t e g r a t e  t he  VASI i n t o  h i s  normal scan pa t t e rn  
and use the  VASI t o  monitor t he  f i n a l  s tages  of t h e  approach. 

The Safety Board be l ieves  the VASI can be a valuable  supplement 
t o  any IL.9 approach, even under minimum weather conditions,  and 
there fore  recommends t h a t  the  Federal  Aviation Administration: 

but w i t h  the first p r i o r i t y  being assigned t o  
Continue t o  i n s t a l l  VASI’s on a l l  ILS runways, 

runways where the g l ide  s lope is unusable below 

a i r c r a f t .  
DH and t o  those runways used by air  c a r r i e r  

i n  the  above recommendation. 
REED, Chairman, McADUlS, TIIAYER, and BURGESS, Members, concu‘red 

Chairman 

I 

! 
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APPENDIX E 

AUG 15 1974 

blr. James C.. Worcester, Jr. 
l5U C i r c l e  Drive 
Annapolis, P%llylIUxl a401 
Denr Mr. Worcester: 

1974, concerning t h e  installation of V.UI systens on nonprecieion 
approach run- at  airports s e r e d  by air carriers. 

This letter is i n  response to  your correspondence of July 16, 

I n  response to  recanmendations mnde by the Safety Board in 
1972, the P e d e d .  Aviation P.duinistration proposed nev.criteria 

establishing a f i n a l  rqpronch descent f i x  et a point on the 
ror nonprecision approaches. One cri terion specified waa 

final approach where a n o m 1  descent'path of approrknntely 3" 
intersects with the KL,\ for thet apprtmch. Another criterion 
the FAA proposed vas t o  provide VAS1 for each mnmy served by a 
nonprecioion epprooch. The F M  i a  assigning firat pr ior i ty  for 

serving air carrier  operations. 
lnstallntion of these oystczla t o  nonpreciaion approach rm,raya 

Although the  VAS1 sptem is contingent upon M&getary 
conoiderntions, the FAA has been install- nbmt 90 VA61 

two of wkich are prqvmed for Moline. 
systems per year. In FY 75 91 syeteme e m  acheduled for caopletion, 

Your contention that VASI's ehould be instslled on every non- 
precision approach runmy served by cdr canricrs before inetsllntion 
on my aS mlvaye is -mil taken. However recamendation A-74-55 
ms intended to underline the need for positive ver t ica l  &dance 
dtu%x the visual portion o f  the nS approach, enpecielly when the 

have lower ninionmle nffording l e s s  reaction t b e  to the crev, the 
glideslope is w.ustlb1.e below decision height. Since these approaches 

Safety Board Lelicves the position th?t the expanded exployment of 
n VASI in conJmction witA ra Us should be emphasized. The FAA's 

lun;mylr w m  i n o t m e n t s l  i n  l i s i t i ng  the acrpe of the present 
responsive prop-em i n  reenrd t o  V E X  ~ y s t g l s  on nonprecision apprmches 

recommendation t o  precision appmchee. The Safety Board believes 
t h i s  recmaendation will lend t o  M nccelemted IIW of VASI under 
the circumritmccs c i t ed  i n  the recamendc.tlon, md not detract f m  ! 
the prlor l t les  3f t h o  current proppm dealing with nonprecisicm 
appmsches . 
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Mr. J~mes C. Uorceeter, Jr. P 

mSae by the Safety Bawd. Ii you should have any Mher m a 8  of 
concern, &lease Peel free t o  contact me. 

I appreciate receivlng ;vow 'Mews and cc~nmcnta on recaamrendatlone 
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DEPARTMENT OF .TRANSPORThTION 
FEDERAL AVIATION ADMINISTRATION 

AUG ill974 

Honorable John H .  Reed 
Chairman, National Transportation Safety Board 
D-partment of Transportation 
Washington, D. C. 20591 

Dear Mr. Chairman: 

We have cv iewed  the Board's proposal to provide VASIs on a l l  ILS 
runways with priority for those locations where the glide path is 
out of tolerance below the decisiQn height. 

Whil.. we  agrea in principle with the recommendation, we have a n  
action pending to fund VASIs and marker beacons for installation 
first on a l l  nonprecision approach runways. This  will enable pilots 
toadjust their flight p2th to establish a stabilized  rate^ of dsscent  
when conducting nonprecision approsches to thos-3 runways where 
no electronic glide slo2e is installed. Accordingly, the provision 
of vertical guidance an nmprecision runways will take priority over 
the installation of VASIs on ILS runways. 

Sincerely, 

Adninistrator 



August 15, 1974 

Mr. John H. Reed, Chairman 
National Transportation Sofety Board 
800 Independence Avenue, S.W. 
Washington, DC 20591 

Dear Mr. Reed: 

The Air Line Pilots Association's A l l  Weather Flying Committee, in i t s  continued 
investigation of low visibility landing accidents, has reviewed certain aspects 
of the December 17, 1973 Iberian DC-10 accident at Boston, Massachusetts. As 
a result of this review the Association i s  providing the NTSB with an analysis of 
the visual cues that were present during this accident. 

The Association believes that this analysis supports the NTSB's Recommendofion 
A-74-55 concerning the installation of VASl's on all ILS runways, particuIarlY 
those runways which have unusable glide slopes below decision height. We believe 
that this accident, as well as the others mentioned in the NTSB Recommendation, 
clearly illustrates one of the major factors i n  many low visibility landing accidents - 
insufficient visual cues. 

This material i s  provided for considemtion in the Board's development Of a report 
on this accident. We w i l l  appreciate any comments you wish to make on this 
analysis. 

Sincerely, 

JJ0'D:gw 
Enclosure 
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Assessment o f  visual cues that were present during approach and landing for 

Iberia DC-IO Flight 933 at Boston, Massachuxtts, December 17, 1973. 

Surface Weather Observations 

1545 local indefinite ceil ing 300 feet obscured, v is ib i l i ty  3/4 mile, moderate 

min, fog, temperafure 41 F, dewpoint 38 F, wind 300 7 knots, altimeter 

setting 29.2% inches, runway 4R visual range 3,500 feet. 

0 0 0 

Significant Facts Taken From Captain's Statement 

1. 

* 

2. 

At 300' 

o F/E called 300' 

o F/O called opprooch lights in sight to the right. 

o R/O-N reported to tower lights i n  sight. 

o Captain acknowledgr d lights in sight 

o Captain disconnccted autopilot and maneuvered to  right. 

At 200' 

o Aircraft was aligned with runway centerline 

o F/E called "DH." 

o Al l  crew recognized aircraft lovr. 

o Captain added powcr. 
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Significonf I'ccts Tc!:cn From Captoin': Stotcrwnt, contirwd -- 

3. At 100' 

o F/E called 100' 

o Captain obs;.rved and F/O called "continuing low." 

o Captain again overpowered autothrust to goaround power. 

o Sink rote continued. 

4. General . 
o F/O confirmed we were below the glide slope by Feference to 

his instruments. 

o Aircraft not ou; of trim when autopilot was disconnected. 

Significant Facts Token From First Officer's Stolement 

1. At 300' 

o I saw approach light system and told Captain "Lights to the right." 

o Captoin responded: "Lights in sight." 

o Captain disconnected autopilot and initiated a slight right turn to 

align aircraft centerline approach lights. 

2. At 200' 

o When turn was completed, F/E collcd DH. 

o Captain answered: "No problem." 

* 0 t sow by the instruments that we were low on the glide path and 

said: "Yes, but we ore low." * 
0 F/E soid "Yes, we are low." 

captain then advanced throttles, overriding autothrust system* 
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Significnnt Facts Tok'en From First Officer's Statement, continued 

3. At 100' 

o F/E called 100' 

o I observed and called "we ore st i l l  low." 

o Captain again odvanced throttles. 

4. General 

* o Juxt prior t o  autopilot disconnect, gl ide slope command bars 

were centered. 

* o After disconnect, I observed less than one dot low gl ide slope 

deviation. 

* o Runway not in  sight unt i l  alignment correction completed. 

Could then see 1/3 of runway. 

Significont Facts Taken From Flight Engineer's Statement 

1. At  300' 

o I called 300'. 

o 1 heard F/O cal l  approach l ight system i n  sight to the right. 

o Captain confirmed and disengoged autopilot and ini t iated 

alignment turn to right. 
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Significant Focts Token From Flight Engineer's Statement, continued 

2. 

3. 

4. 

At 200' 

o I called "ZOO'; DH" and saw decision height l ight illuminate. 

o Captain responded: " I am slightly low, no problem." 

o I head  F/O say "we oFe going low on glide path." 

o I cross-checked pitch bars and raw data and told the Captoin 

"we ore low. " 

o At this time Captain was advancing throttles. 

At 100' 

o I called 100' and observed that Captain was st i l l  advancing 

power. 

General 

o When F/O first -called "we are law" I observed we were less than one 

dot low on raw data. 

o At 200' we were less than one dot low. 

o The only time I saw the approach l ight  system was when the F/O called 

lights i n  sight and I never saw i t  again. I never saw the runway itself, 

only the approach l ight system. 
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Significant Facts Taken From Radio Navigator's Statement 

1. At 1,000' 

o F/E called 1,000'. 

o I looked out pnd saw nothing. 

o I cross-checked instruments and they were all normal. 

o FROM THIS POINT ON I WAS ONLY LOOKING OUTSIDE. 

2. At 30W 

o I saw the approach light system to the right. 

o I remember hearing F/O advise "lights in sight." 

o F/E also said "lights in sight. " 

o Captain co:ifirmed that he had the lights in sight. 

o I immediately advised the tower that we had the runway in 

sight. 

o But I do not remember whether I had the runway or the apprwch 

lights in sight at that point. 

* o I saw the Captain turn to right and align with centerline. There 

was light rain at the time. 

3. General (In response to questions) 

* o The first time I saw the runway was after we had rolled out of the 

turn and we were alisned with the runway. A t  that time the F/E 

called "ZOO', DH" and I could see about 1/4 of the runway. - 
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Significant Crew Testimony on which there i s  no Dlsogreement by any Crew Member 

1. 

2. 

3. 

4. 

5.  

6. 

According to the Captain, First Officer, and Flight Engineerl: 

When the approach lights come into view, the Captain disconnected 

the autopilot and commenced a right turn for alignment. 

According to the First Officer: 

Prior to disconnect, the aircraft was on glide slope. - 
. 

According to the First Officer and Flight Engineer: 

After disconnect, the aircraft went below glide slope. - 
According to the First Officer and Radio Navigator: 

The runway wos not in sight until the alignment turn was completed. 

According to the First Officer and Radio Navigator: 

When the alignment turn was completed, 1/3 to 1/4 of the runway 

was in view. 

According to the Captain and Radio Navigotor: 

A radio tronsmissian was mode from the aircraft simultaneous with autopilot 

disconnect. The rodio navigator state: that he contacted the tower and informed 

them that they hod the runway in sight, however, he i s  not sure whether the 

runway or the apprwch lights were in sig!>t at this point. Flight recorder data 

puts this rodio transmission simultaneous with autopilot disconnect at o rodio 

altitude of 175'. 
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Analysis of Periincnt'focts 

1 .  

2. 

3. 

4. 

5. 

Accoding to the flight recorder, the autopilot was disconnected at a 

mdio altitude of 175' vhich corresponds to 159' HAT. Because the 

glide slope transmitter i s  located i n  o depressed area, 5 feet lower 

than the TDZ, the radio altitude of 175' corresponds to a height above 

GPlP of 1 6 4 ' .  

0 
The 3 glide slope rises above the GPlP on a 1:19 slope. Therefore, Q 

point on the glide slope, ot an altitude of 164' above GPlP i s  located 

3,116' from the GPIP, i.e., 164 x 19. 

The GPlP i s  located 750' beyond the threshold. Therefore the 175' radio 

altitude position of the glide slope centerline i s  (3,116' - 750') 2,366' 

from the runway threshold. 

Therefore, i t  can be assumed that the aircraft was 2,366' from threshold 

at disconnect, and that the cockpit visual range was something less than 

2,366' at that moment. 

After autopilot disconnect an alignment turn was commenced with only 

opproach lights in view. This i s  vorified by flight recorder data and crew 

statements. The runway did not comc into view until this alignment turn 

was complete. This i s  vorified by crew statements. The flight recorder 

indicates this tdrn could not have been completo i n  less than 4 seconds 

after disconnect. During 4 seconds the aircraft would travel approximately 

1,000'. Thcreforc, when tlm runway wos first in view, the aircraft was 
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Analysis o f  Pertinent Facts, continued 

6. 

7. 

8. 

approximately 1,400' from threshold. The runway i s  10,080' long. 

The F/O and R/N could see approximately 1/3 t o  1/4 of  the runway 

a t  this moment (i.e., opproximalzly 3,000' of runway was in view 

from a distance o f  1,400' from the threshold). This would indicate a 

cockpit visual range of approximately 4,400' a t  the moment when the 

wnway was first sighted. 

Four seconds before the runway was sighted - that is  at the disconnect 

paint - the aircraft was approximately 2,366' from the runway with a 

cockpit visual range less thon 2,366'. 

As reasoned in  (5) above, the aircraft was approximately 1,400' from 

the runway at the moment when the runway was first sighted. The air-  

craft was traveling at a velocity of approximately 250'/second. Therefore, 

it can be reasoned that one se fmd prior to  runway appearance, the aircraft  

was approximately 1,650' from threshold and the cockpit visual range was 

less than 1,650'. 

Therefore, during the first four seconds after disconnect, the cockpit visual 

range was approximately 1,400' to 2,300'. This, of course, was during 

the cri t ical period when the deviation below glide slope was not noticed 

nor adequate corrective action taken. 
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Conclusions 

1. Aircraft  deviation from the glide slope would have hcld t o  been detected 

immediately after autopilot disconnect by the crew i n  order to  have 

prevented this accident. 

2. After autopilot disconnect and the completion o f  an alignment turn 

the runway became visible to the crew. At this point, the visual cues 

necessary were present. However, by this time it wos impossible for 

the crew to prevent the aircraft from coming into contact with approach 

lights. 
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NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 

ISSUED: October 3, 1974 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Forwarded to: 

Administrator 
Honorable Alexander P. But te r f i e ld  

Federal Aviation Administration 
Washington, D. C. 20591 

- 
\ 

\ SAFETY RECOMMENDAT I ON (s )  

was involved i n  an accident a t  Logan In te rna t iona l  Airport  i n  Boston, 
k s s a c h u s e t t s .  The captai.n was conducting an ILS approach t o  runway 
33L when the  a i r c r a f t  s t ruck an approach l i g h t  stanchion and crashed 

by moderate r a i n  and fog. 
on the  a i rpo r t .  The sky was obscured and v i s i b i l i t y  was r e s t r i c t e d  

On December 17, 1973, Iber ia  A i r  Lines F l igh t  933, a E-10-30, 

(DFDR) which recorded measurements or s t a t u s  f o r  96 parameters. 
These data provided a means f o r  accurate ly  determining t h e  a i r c r a f t ' s  

f i n a l  approach. The evidence indicated t h a t  t h e  a i r c r a f t  descended 
f l i g h t  p r o f i l e  and the  winds which ac ted  upon the  f l i g h t  during i t s  

through a s ign i f i can t  low a l t i t u d e  wind shear. The wind changed from 

between 500 f e e t  and 200 f e e t  a l t i t udes .  
southerly a t  29 knots, t o  westerly a t  5 knots; t h i s  change occurred 

The aircraft was equipped with a d i g i t a l  f l i g h t  data recorder 

aircraft and the  f l ightcrew was examined fu r ther  i n  a McDonnell Douglas 
The e f f ec t  of such a wind shear on the  performance of both the  

Co. nC-10-30 simulator. Wind and v i s i b i l i t y  condit ions were reproduced. 
More than 50 approaches were flown by f i v e  p i l o t s  who were qua l i f i ed  i n  
the  W-10 a i r c r a f t .  Tests indicated that t h e  wind shear condition com- 
bined w i t h  o ther  circumstances t o  produce a s i t ua t i on  conducive t o  a n  
accident.  

The approach of F l igh t  933 was flown using the  au top i lo t /  
au to th ro t t l e  system t o  the  published decision height. An unusable 
g l i de  s lope below DH made it mandatory f o r  the  p i l o t  t o  disengage 
the  au top i lo t  upon descent through 200 f e e t .  DFDR data showed that 
the  wind shear caused the  au top i lo t / au to th ro t t l e  system t o  e s t ab l i sh  
a lower-than-normal p i t ch  a t t i t u d e  and t h ru s t  s e t t i n g  during the  
descent. The a i r c r a f t  was s t ab i l i z ed  on the  g l i de  slope and s l i g h t l y  
l e f t  of the  runway cen te r l ine  when the  p i l o t  disengaged the  au top i lo t  
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wi th  this ac t ion ,  t he  a i r c r a f t  descended below t h e  a l t i t u d e  band of 
and t r a n s i t i o n e d  from inst rument  t o  v i s u a l  reference.  Simultaneous 

t h e  wind shear .  The p i t c h  a t t i t u d e  and t h r u s t  which had been es tab-  
l i s h e d  by t h e  a u t o p i l o t  t o  compensate f o r  t h e  changing wind caused 

component s t a b i l i z e d .  
t he  a i r c r a f t  t o  descend more r a p i d l y  when t h e  l o n g i t u d i n a l  wind 

When t h e  s i t u a t i o n  was reproduced i n  t h e  s imulator ,  immediate 
r ecogn i t i on  of t h e  wind s h e a r ' s  e f f e c t  and p o s i t i v e  p i l o t  a c t i o n  was 
r equ i r ed  t o  prevent  an impact s h o r t  of t he  runway threshold .  The 
p i l o t s  who p a r t i c i p a t e d  i n  t h e  t e s t s  agreed that t h e  r e s t r i c t e d  v i s u a l  

a ccu ra t e  assessment o f  t h e  p i t c h  a t t i t u d e  change r equ i r ed  t o  arrest 
cues hindered prompt recogni t ion  o f  t h e  developing descent  rate and 

t h e  descent.  Invar iab ly ,  descent  below g l i d e  s lope  occurred dur ing 
t h e  s imulated approaches. 

A dev ia t ion  below t h e  g l i d e  s lope,  whether induced by t h e  p i l o t  
o r  by unusual  environmental f ac to r s ,  i s  p o t e n t i a l l y  dangerous dur ing 

which have g l i d e  s lope  i n s t a l l a t i o n s  that provide t h r e sho ld  c ross ing  
any approach; however, it is  particularly hazardous on t h o s e  approaches 

he igh ts  (TCH) of l e s s  than t h e  47-foot minimum s p e c i f i e d  i n  FAA Order 
8260.24 da ted  February 24, 1972. 

The TCH f o r  t he  Logan I n t e r n a t i o n a l  A i rpo r t  runway 33L extended 
g l i d e  s lope  i s  only 34.3 f e e t .  Had F l i g h t  933 been a b l e  t o  remain on 
t h e  g l i d e  s lope ,  t h e  main landing gear  wheels would have passed only 
24.6 feet  above t h e  approach l i g h t  s tanchion and 7.8 feet  above t h e  
runway threshold .  

The Aerospace I n d u s t r i e s  Associat ion of America, Inc.  (AIA)  

accounting for worse-case t o l e r ances  consider ing improved g l i depa th  
conducted a s tudy  i n  1970 t o  eva lua t e  minimum wheel c l ea r ance  when 

rece iv ing  and t r ack ing  equipment. The s tudy  a s se s sed  t h e  compa t ib i l i t y  
of g l i d e  s lope  r ece ive r  antenna i n s t a l l a t i o n s  on t h e  wide bodied air- 
c r a f t  w i th  e x i s t i n g  g l i d e  s lope  transmitter i n s t a l l a t i o n  c r i t e r i a .  The 
s tudy  concluded that an antenna i n s t a l l a t i o n  such as t h a t  on t h e  E-10 
would r e s u l t  i n  TCH of a t  least 10 feet  when a reasonable  probable  

a WH of 40 feet. 
combination of adverse  t o l e r ances  was a p p l i e d  t o  a g l i d e  s lope  having 

I 

The Douglas A i r c r a f t  Company recognized t h e  p o t e n t i a l  hazard f o r  
those  Category I approaches that have g l i d e  s lope  he igh t s  over t h e  
th reshold  t h a t  a r e  below 40 feet. They recommended t o  a l l  opera tors  
of E - lo ' s  t h a t  t he  p i l o t  change his f l i g h t  p r o f i l e  near DH and 
a c t u a l l y  f l y  above the  g l i d e  s lope  t o  t h e  po in t  of f l a r e  i n  o rder  t o  
assure adequate c learance  over t h e  runway threshold .  The Sa fe ty  Board 
be l i eves  that such a recommendation is i n  c o n f l i c t  w i th  t h e  well-known 
mer i t s  of a s t a b i l i z e d  approach. Furthermore, t h e  TCH f o r  t h e  Logan 33L 
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procedures and was unknown t o  the captain of F l igh t  933. 
approach was not published i n  o f f i c i a l  U. S. instrument approach 

The Safety h a r d  fu r t he r  bel ieves  that even wi th  a 40-foot TCH, 
the  clearance afforded t o  t h e  wide-bodied a i r c r a f t  i s  too low. The 

bu t  only as it effected the  a i r c r a f t  f l i g h t  p ro f i l e  during automatic 
t heo re t i c a l  e f f e c t  of a wind shear was considered i n  t h e  AIA study, 

landing operation. The study did  not consider the  gl idepath  devia- 
t i on  which can occw because of t h e  p i l o t ' s  response t o  wind shear 
e f fec t s ,  pa r t i cu l a r l y  during the  c r i t i c a l  t r a n s i t i o n  from automatic 
t o  manual f l i g h t  and v i sua l  reference, as required on Category I and 
Category I1 approaches. Research data f o r  such a n  ana lys i s  is l imited.  

Aviation Administration: 

The Safety Board i s  concerned that t h e  circumstances of this 
accident are not unusual and believes that pos i t ive  ac t ion  must be 

must be di rected toward ensuring adequate wheel clearance on a l l  
taken t o  minimize the  p o s s i b i l i t y  of future  accidents.  These act ions  

Category I approaches considering a l l  adverse tolerances including 
f l i gh tpa th  disturbances caused by wind shear, and minimizing the  
e f f ec t  of such disturbances by improving p i l o t  performance through 
b e t t e r  t r a in ing  and hazard-alert ing procedures. Therefore, t h e  
National Transportation Safety Board recommends that the  Federal  

1. 

2. 

3. 

4. 

Relocate as soon as possible ILS g l i de  slope 

8260.24 t o  provide a l a rge r  margin of safe ty  
t ransmit ter  s i t e s  i n  accordance with FAA Order 

f o r  wide-bodied a i r c r a f t  during Category I 
approaches. 

A s  an interim measure, increase  DH and v i s i b i l i t y  
minimums f o r  those approaches where t h e  combination 
of the  g l i de  slope t ransmi t te r  antenna i n s t a l l a t i o n  
and the  a i r c r a f t  g l i de  slope receiver  antenna 
i n s t a l l a t i o n  provide a nominal wheel clearance of 
l e s s  t h a n  x) f e e t  a t  t h e  runway threshold. 

Pending the  re locat ion of the  g l i de  slope f a c i l i t y  
t o  comply with FA4 Order 8260.24, expedite the  
modifications t o  o f f i c i a l  U. S. instrument approach 
procedures so that they display g l i de  slope runway 
threshold crossing height for  a l l  approaches having 
a TCH of less than 47 feet. 

Issue a n  Advisory Circular  which describes t h e  wind 

p i l o t  recognit ion and proper p i l o t i ng  techniques t o  
shear phenomenon, h ighl ights  t h e  necess i ty  f o r  prompt 

prevent shor t  or  long landings, and emphasizes the  
need t o  be constantly aware of the  a i r c r a f t ' s  rate Of 
descent, a t t i t u d e  and t h ru s t  during approaches using 
au top i lo t / au to th ro t t l e  systems. 



. 
- 51 - 

APPENDIX E 

Honorable Alexander P. E u t t e r f i e l d  (4 )  

5. Modify i n i t i a l  and r e c u r r e n t  p i l o t  t r a i n i n g  programs 
and tests t o  inc lude  a demonstration of t h e  a p p l i -  
c a n t ' s  knowledge of wind shear and i t s  e f f e c t  on an 
a i r c r a f t ' s  f l i g h t  p r o f i l e ,  and of proper p i l o t i n g  
techniques necessary t o  counter  such e f f e c t s .  

6. Expedite t h e  development, t e s t i n g  and ope ra t i ona l  
use of t h e  Acoustic Doppler Wind Measuring System. 

7 .  Develop an  i n t e r im  system whereby wind shear informat ion 
developed from meteorological  measurements o r  p i l o t  
r e p o r t s  will be provided t o  t h e  p i l o t s  of a r r i v i n g  and 
depar t ing a i r c r a f t .  

REED, Chairman,  THAYER, BURGESS, and HALFY, Members, concurred 
i n  t h e  above recomenda t ions .  McADRMS, Member, did not p a r t i c i p a t e  
i n  t h e  adoption of t he se  recommendations. 

BY 
Chairman 
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THE SECRETARY OF TRANSPORTATION 
WASHINGTON. D.C. 20590 

September 24, 1974 

Honorable John H. Reed 
Chairman, National Transportation 

Department of Transportation 
Washington, D. C. 20591 

Safety Board 

Dear Mr. Chairman: 

This i s  to acknowledge receipt of your letter  of September 23 
to the Federal  Aviation Administrator enclosing a copy of a 
safety recommendation relative to the involvement of a n  Iberia 
Air Lines Flight 933, a DC-10-30, in an accident a t  Logan 
International Airport in Boston, Massachusetts. 

The recommendation i s  receiving attention by the Department's 
Assistant Secretary for Environment, Safety and Consumer 
Affairs, a s  well  a s  other appropriate Departmental officials. 

Sincerely, 

Claude S .  Brinegar () 
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September 30, 15'74 

Honorable John H. Reed 
Chairman 
National Transportation Safety Board 
800 Independence Avenue, S.W. 
Washington, D.C. 20591 

Dear Mr. Reed: 

Notation 1354 

Thank you for the advance copy of the Safety Recommendations A-74-77 Lbrough 83 relating 
to the Iberia Airlines DC-10-30 accident which occurred at Boston-Logan International 
Airport on December 17, 1973. 

While the Board has done an outstanding job i n  the investigation of this accident, we were 
somewhat disappointed with the lack of a recommendation relative to the relocation of the 
glide slope receiver antenna on wide-bodied aircraft. 

Several years ago ALPA became aware of the "waiver" given to the manufacturers of wide- 
bodied aircraft which allowed them to deviate from a recommended practice of ICAO which 
states that "the distance between the path of the glide path antenna and the path of the 
lowest part of the wheels should not exceed 19 feet. " Over the objections of the FAA 
Western Region certification personnel, the manufacturers were granted approval for 
exceeding this ICAO criteria by FAA Headquarters i n  Washington. The basis of this 
"waiver" was a statistical analysis conducted by AIA which contains several invalid 
assumptions. 

Our own analysis of the tolerances associated with ILS approaches was submitted to ICAO 
by Mr. Thomas G. Foxworth, Chairman of the ALPA Airworthiness and Performance Com- 
mittee. A copy of this analysis i s  enclosed. While this analysis refutes many of the 
contentions contained in  the AIA analysis, we have subsequently learned of additional 
deficiencies associated with the AIA analysis. 

For example, F A A ' s  criteria spells out in  Advisory Circular 20-57A wind shear criteria 
to be used to show compliance with the rules for automatic landing system. Advisory 
Circular 120-29 spells out the wind shear criteria for autopilot and flight director systems 
for Category I I  approval. Both of these documents specify only the magnitude of the wind 
shear, but neither specify how theshear i s  to be applied. This i s  a very critical omission 

/continued/ 
i 
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which the manufacturers have used to their advantage. Shown on the attached figure i s  
the wind shear profile used by Douglas Aircraft Company i n  their analysis of the DC-IO 
performance. You wi l l  note that the manufacturer has chosen to use a wind shear model 
in which the headwind increases from 9 knots at 200 feet to 25 knots at the surface. 
Obviously, an aircraft descending into a continually increasing headwind condition 
would experience improved airplane performance and a tendency to go above the glide 
slope. The validity of any analysis which attempts to investigate threshold crossing 
heights and missed approach height losses based on a wind shear profile such as this i s  
so ridiculous as to not require further comment. Nevertheless, i t  is  clear that the 
manufacturer fwnd a loophole i n  the FAA's criteria and used this loophole t o  justify 
its deviation from other recommended practices. Not only does this wind shear profile 
defy the laws of nature but i t s  use casts serious doubts on the credibility of the manu- 
facturer. It further raises a question regarding the FAA's technical competence to have 
been persuaded to relax the ICAO criteria on the basis of this data. 

While ALPA i s  i n  agreement that some of the marginal ILS glide slope &ansmitten should 
be relocated further from the threshold, we believe another equally important part in the 
solution of this low wheel height problem must be the relocation of the glide slope 
receiver antenna on the aircraft. Relocation of the ILS transmitter antenna on Runway 33 
at Boston from its present location p50 feet from the threshold) to a nominal distance of 
1000 feet from the threshold would have moved the impact point closer to the threshold 
by a distance of 250 feet. Relocation of the glide slope receiver antenna an the aircraft 

hold. Both of these modifications would have placed the aircraft closer to the runway 
to a nose position would have moved the impact point another 50 feet closer to the thres- 

threshold at the time of the wind shear encounter and thus could have provided the pilot 
with earlier recognition and assessment of the limited visual cues. 

While the Board recognizes the undesirability of having to "fly above the glide slope . . . 
i n  order to assure adequate clearance over the threshold", the Board's recommendation 
(No. 2) i s  i n  conflict with this position. Obviously, the only benefit of increased 
decision height and visibility minimums would be to allow the pilot to f ly  above the 
glide slope. Furthermore, we take strong exception with the Board's attempt to per- 
petuate the arbitrary 20 feet nominal wheel clearance at the runway threshold. As 
pointed out i n  the attached paper, there i s  no basis for believing that the 20 feet 
nominal clearance wi l l  provide adequate safety for air carrier operations. It should be 
stressed that the narrow-bodied jets are currently provided with approximately 30 foot 
wheel clearance height on ILS approaches. We cannot believe that the Board would 
accept a lesser standard for wide-bodied aircraft on the basis of the outrageous analysis 
conducted by the manufacturers. Our members cannot I ALPA intends to pursue this 
deficiency at the highest levels. We would sincerely appreciate your support i n  our 
efforts to maintain a high level of safety far wide-bodied aircraft. 

/continued/ 
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Sincerely, 

JJ0'D:aes 

Enclosures 
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Presented by T. 0. Poxworth 

Ref. AIR C :a:emarandum 161 

SubJect:  u l d e  u s t h  antennas 

APPENDIX E 

11 G m b e r  1973 
Date 

1. Thls  1s i n  response t 3  paragraphs 5 a )  and 6 
of A I R  C Xemorandum number 161 dated 5 Octaber 1973. 

2. Reduced t o  l t s  most slmple form, t h e  dllemma 
oan be deplcted:  

and t h e  p e r t l n e n t  requirements  s t a t ed :  

I) t o  determlne t h e  s m a l l e s t  accep tab le  va lue  of W 
i n  order t o  a s s u r e  an  adequate l e v e l  of s a f e t y ,  

are allowed and anomalies t h a t  can be expected; 
t a k l n g  l n t o  ~1.013d11 3 c c m n t  a l l  t o l e r a n c e s  t h a t  

11) I n  arder  t o  l n s u r e  t h a t  t h e  s m a l l e s t  a c c e p t a b l e  
W determlned I n  1) Is achleved and m n f r l n r e d ,  
to  then  determine t h e  maxlmum va lue  of H t h a t  i s  
compatlble. and t o s o  t h l s  as  an  a l r v o r t h l n e s a  
requlrement  i n  s c r m l z n e  des lcn .  

3. ON THE 'J.U3:C:TI3N OF Y 

3.1 I have noted .rlt'n l n t e r e s t  t h e  h l s t o r y  and 
l n c r e a s i n g  concorn aver  t h i s  ltem. To ipr g r e a t  d l s z a y ,  t h e r e  
has  been very l l t t l e  e f f a r t  to rnrd  secur lng  a g e e m e n t  aver what 
r a t l s n a l l y  c o n s t i t u t e s  R ?  adequate value a f  i--preot dlsnzreement  

v a r l a u s  segments of t h s  lndus t ry  ,rho ; m l n t n l n  d l f f e r e n t  v lavs .  
s t i l l  exists-nnd even l e s s  e f f o r t  to.mrd c w r d i n a t l n g  t h e  

Kea,nwhlle, each s?sment 'v l th  an:{ n u t h a r l t y  seems t o  be rush ing  
pe l l- mel l  t a  lmploment hls g a r t l c u l a r  opinion. 
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3.2 
e s t a b l l s h e d  In c o r t l f l c a t l o n  '9hlch. re?er . . lnz t s  t h e  u.3. cose. 

Perhaps t h e  aost I n J a r t a n t  praceaent  'was 

aaave t h e  1andln3 surface." ( F a 3  25.115) : t l thsu t  
r e p u l r e s  t h n t  t h e  l a n d l n a  distance-be determined "'from a $ol"t '  

a d d l t l s n a l  qual1f;'lng yuldznce or a p p l l c l b l e  caveat ,  t h i s  
t r a d l t l o n a l l v  tias been l n t e r n r o t e d  to mean t h a t ' i  1s  c n  ?I.-+ 

Zt SO f e e t . )  AS f a r  ns a l r l l n e  p l l a t s  a r e  concerned, t h i s  
would be a ' randerful  s t a t e  of a f f a i r s .  If laposed, It vauld 
mean t h a t  t h e  praJec ted  no- f la re  v h s e l  1mc.act Dolnt w u l d  be 

.. . -- _ -  
(see diagram; lee., t h a t  t h e  :.*heal pa th  c r o s s e s  t h e  th reshold  

- 
954.02 f e e t  fr3m t h e  t h r e s h s l d  fsr a 35 whoel path. and 1145.21 
feet  from t h e  th reshold  for a 2.5" wheel path, whlch moreover 
In c e r t a l n l y  not  Incompatible w l t h  an  al lowable Touchdown Zone 
(ds f lned  ns t h e  f i r s t  3000 f e e t  from the t h r e s h s l d  i n  Category 
I1 and I11 aperat lons.)  

3.3 Unfortunately,  l l f e  Is not so slmple.  Yet t h e  
beelnnlng of t h e  t rend  t h a t  has no.4 r e s u l t e d  I n  such s e r l a u s  
e ros ions  of the  marglns lntended by c e r t l f l c a t l o n  was l n s ld lous l  

H ( l n  t h e  dlagrsm) could ever  grow to such mammoth propor t lons  
sub t l e .  Slnce no one gave much t'nought to t h e  p o s b l b l l l t y  that 

that '40  now see, t h e  e a r l y  iL3 a l l l e p a t h  t r a n s m l t t e r s  '#ore 
s i t e d  such t h a t  t h e  e l e c t r o n i c  clL3eoath crossed the  th reshold  
at about 50 f e e t .  T h l s  seemed a t  t h e  time t o  be reasonable- the 
wheel p a t h  c a u l d n ' t  be nuch different-and I t  a l s o  seezed t o  
provide n degrae o f  c a m p a t l b l l l t y  w i t h  t h e  f l e u r e s  used I n  

Eust.fal1 below 50 f e e t .  even then. n s  matter how S l l g h t l y .  
c e r t l f l c a t l m .  Eoxever, it was never the less  obvious t h a t  ' I  

3.4 The f irst  d e f l n l t e  l o v e r  value of Wflrst adsptad 
was 35 feet .  The 1C.AO C5;.:-7 redefined :I for J e t  t r a n s p a r t s  t a  
be 30 f e e t  (I-AO Dac 82261 and t h l s  seemed t o  e s t a b l l s b .  fop 
purposes a f . r e f e r e n c s  c r l t s r l a .  p a d  precedent.  The csn t roversy  
t h a t  has i n t e n s i f l e d  Is whether a value  of 'i l e s s  than  30 f e e t  
can be e s t a b l l s h e d  as a c r l t e r l o n  ' .#tthaut r n l s l n g  t o  an 
unacceptable degree t h e  rlsk of undershaat lng.  3ome l n s l s t  not. 

~ ~~ ~~~~ , ... 

Others  say yes ,  s o  t ha  ba s i s  t h n t  - l e i e l s  of s a f e t y  named 
i n  t h e  s tandards  can be appl ied  as  everyday o p e r a t i a n a l  

Even If :#e Eenariruslv ?.llor t h a t  B 'i 3f 30 feet o m v l d s a  the 
S D e c l f l c e t l s n s ,  a r g l n z  t h a t  p l l o t s  o f t e n  l n f r l n g e  rnalr xnrglns.  

~~~ ~ ~ 

mergln InteEded In the be(jlnnlnS, what-are ma?.glns for bat t o  
prevent  l n f r l n g l n g  sane th lng  f a r  worse. For t h e  time belng, 
Y stood a t  :O f o e t .  

-~ ~~~. ---- 

3.5 However, t h e r e  '*ere c e r t a i n l y  t o l e r a n c e s  t o  be 
expected l n  the  a c t u a l  ILS s l l d e p a t h  th reshold  c ross lng  he lgh t  
( c n l l e d  iLS r e f e r e n c e  datum) nchleved. For example, I C i m  AYOP I1 
formulated recxmenaa t ions  ( a e c  3A 3/1 and 3.2 3/2; ICAO Doc 8512, 
page 11-14] r e l a t i n g  t o  ; l ldepa th  cjmponent s l t l n g  c r l t e r l a  and 

recommended r e f e r e n c e  datum and t o l e r a n c e s  a r e  15m i. 3m (50 f e e t  
t o l e r a n c e s  for t h e  ILS reference datum. lor Categsry I ILS t h e  

f 10 f e e t ) ;  for Category .I1 and I11 ILS, they a r e  15m + 3m. 
w l t b  nn e x t r e s r d l n a r y  a l lovance  for a maximum t s l e r a n c e  of one 
meter low (hence 50 f e e t  + l o  f e e t ,  - 3  f e e t . )  These recamen-  
d a t l o n s  xere accepted by t h e  Alr Xsvl&atlon Commission ( 9 t h  
Heetlng of t h e  49 th  Session. 10/6/65) 3n t h e  understandlng t h a t  
t h e  ILS re fe rence  datum s p e c l f l e d  was "nsmlnal." The matter was 
f u r t h e r  r e f e r r e d  t o  t h e  4 th  41r i i cv lza t lon  Canference ( s e e  I C A O  

datum, a s t r a l a h t - l l n e  n l l d e p a t h  ex tens ion  .<as  assumed. both for 
Doc 8554, paras  5.6 and 5.7.) I n  d e f l n l n g  t h e  ILS r e f e r e n c e  

convenlence i n  the  eaonetry and t o  r s l n f s r c e  t ho  - t h s t  
o t h e r  s p e c l f l c a t l a n s  dependent on t h e  ILS r e f e r e n c e  datum be 

were n s t  a p e r f e c t l y  s t r a l g h t  l l n e  s t  the  th reshold .  
based orr th i s  helght .  even If t h e  a c t u a l  g l l d e p a t h  ex tens lon  

3.6 
r e f e r e n c e  datum Mas based on the  nssumptlon t h a t  a mlnlmum :i 

A S  fa r  as I can d e t e r n i n e .  t h e  nomlnal 1501 IL3 

of 30 f e e t  ( 9 . 2 ~ )  end no 13wer would be mnlntalned. Thls  'vas 
f u r t h e r  corraborsted ay t h e  then r e l e v a n t  J e t  t r a n s p o r t s  I n  
s e rv i ce ,  chnrncter lzed by t h e  3707-100 f o r  'vhlch H 'vas :.am (19 
f e e t ) ;  9.2m plus 5 . 8 ~  equnlled 1% and everything vas  cszy. 
..x* Is s l a l f l c 3 n t .  t o n o t o  .that ons.Ad!JP panel  5 m b w  pointed out  
a t  AWP I1 t h a t  t h e  e x c s F t l m  c lcuse  I n  5 e c  :A 3/1 (1.0.. n l l m l n e  

? a m i n u s  one meter t s l e r n n c a  t 3  the.re?drdnce iatum f o r  Cate?ory 
:SI e n d  lil l i s )  r ~ u l d  Ferui% i n  L.. Trnlnitl  3 of l e s i  t!::::, 7> <e.?t 

and ha cautloued t n z t  convlderahle expsr1;lnce end suxaa!)a: . :Li% 
dtlta *.lc?e nl:c?".Cd sa fore  this was J u 3 t l f l a l . "  2113Fltn tt.13 r2te  

I 



hnnex 10. Voluse 1. paragrsph 3.1.4.1.4, wi th  a t h n t  
of c a u t i o n ,  t h e  ILd r e f e r e n c e  Eatu3 c r l t e r i a  v0re c n r r l e d  l n t o  
a maxlaum V e r t l c a l  d l s t a n c e  of 5.8m (19  f e e t )  ror ii 'vas elsltaed. 
And t h l s  no te  has become t h e  source. h%?ever weak. for  subsequent 
a c c o u n t a b l l l t y .  

wheel c lzarance  3ver  t h e  threshol: 1s not  l e s s  than a u o r o x i m t e l y  2 0 .  ( u n d e r l i n e  suppl ied . )  I n d u s t r y  agreement" is c l t e d ,  
b u t  l e t  it be unnls takably  c l e a r  t h a t  t h e  a i r l i n e  p i l o t s- - t h e  
very people t o  nham t h e  c r i t c r l a  have t h e  most lmzedlate  and 
f a r r e a c h l n g  s i g n l f l c a n c e - - r e r e  no t  csnsu l ted .  

3.8 The f i g u r e  o f  20 f e e t ,  now havlng c r ep t  i n .  wae 
implanted even more f l r z l y  by IC40 VAP-5 whlch declded t h a t  a 
V o f  6m ( 2 0  f e e t )  la a c c e p t a b l e  ( I C B O  Dac 8062, para 10.3.1) 
However, it  ehsuld be v leorous ly  emphasized t h a t  VAP cave 

&at t h e  "presen t  nominal he lzh t"  is on t h e  o r d e r  Of only 20 
f e e t .  I t  may very ,re11 be eo i n  eane casee.. .but I t  may n l s o  
be t h a t  30 f o e t  was a much b e t t e r  f i g u r e  t o  be appl led  as t h e  
atandard as w e l l .  Oovlously, t h e  VAP c s a r d l n n t l o n  x l t h  o t h e r  

YAP dis regarded  t h e  by n x  u e l l - e s t a b l i s h e d  p r l n c l p l e  o f  r e t a i n i n g  
ICAO pane ls  (h . l i lP  and even t h e  AHC I t s e l f )  was d e f i c i e n t  In  t h a t  

P m i n l m u m  :i of 30 f e e t .  

u s t l f l c a t l s n- - n o  d a t a  rnatsoever--1n support  o f  i t s  conten t lon  

3.9 Omlnously. YAP-5 a l s o  took, ,note  t h a t  VASI s l t l n g  
t o l e r a n c e s  can p l a c e  t h e  aerop lane  i n  a d a n p r o u s  undershoot 
condition.*' 3ven VASIs, I t  seems, do n o t  e l a a y s  i n s u r e  
e a t l s f a c t o r y  v a l u e s  o f  'X; VIP polnted su t- - to  ou- g r e a t  concern-- 
t h a t  even iodoy ' s  707. I f  flown on t h e  lacrer e d p  of t h e  
al lowable an s lope  c o r r l d o r "  :rould have a X n s  lw-1 as 1.1- 
Larger aeroplanes  would obviously undershoot.  

3.10 Now t h a t  a "nomlnal" :i of 20 f e e t  98 a c r l t e r l o n  
has gained credence--not by any r a t l o n n l  means, but only by 
age-- l t  would be presumptuous t o  hope t o  r e v e r s e  it, as  de would 
l i k e  t o  do. a u t  even th19 f i g u r e  is being eroded. 

3.11 
t o  assume lm?ortance, t h e  U.S. FAA, r a t h e r  than holding t h e  l l n e  

Y o f  20 f e e t ,  a l l w l n p  a rn ln lsum ~r 3f 10  f e e t  t o  e x i s t  -then 
on H In  aeroplane design.  a l s o  a r b i t r a r i l y  p e r n l t t e d  n n s z i n a l  

" a l l  o p e r a t i o n a l  t o l a r a n c e s  sre c m s l d e r e d "  i n  r h a t  they c a l l  
" reassnable  probable combinetion. '  I t  is e n t i r e l y  i r r a t i o n a l  
t o  accept  a mlnlmus t o l 2 r a b l e  X sf 10  f e e t  (even  i n  t h e  *%ors t  
l i k e l y  case" )  as t h e  U.5. s u g ~ e s t s - - e s p e c i a l l y  s i nce  t h e  U.S. 
cannot s n t i s f n c t o r l l v  d x u z e n t  31 CorrobJra te  t h a t  t h l s  f l fure  
1 8  r e a l i s t i c .  'ihey nave presented no s t a t l s t i c a l  s c l e n t l f l c  
e u b s t a n t i a t l o n  t s  support  t h e  danferous ly  lw c r l t e r l a  they 
propose. le note ,  ' r l t h  re i r re t ,  t h a t  rnean!ngful s u b s t a n t i a t i n g  

.5 . ( lv )  of Xemorandum 161. 're recsgnize  t h e  very r e a l  problem 
d a t a  has n J t  been ?resented t o  I C A O  In  response t o  p a r a y a a h  

o f  obtainln;  s t a t i s t i c a l l y  s l p l f l c a n t  nnd a c c u r a t e  da:a on 
a c t u a l  :*heel h e l s h t s  5eln.z achieved In  day-to-eny s l r l i n e  
o p e r a t i s n s .  The l a c k  of such d a t a  is d e c l d e t l y  f ruo t r :> t lng- -  
e s p e c i a l l y  s ince  o t h e r  Ctmdards  ( l a n d i n g  d l s t a n c e  r a v l s i s n s ,  

k h l s  .data mleht .be. m e  o n l y  a t t e a a t  n t  an . lo-depth s t u d y  to 
for example) a r e  belng fornula ted  an a s ~ u z p t 1 3 n s  n s  t o  whet 

9111. :msaledje ( c a l l e d  zieplr t  470 I n  tine U.5.) has  been hrt'.led 
up 33 t h e  basls .2f .err.xs In t h e  ml?aSuPdaQntS. fa SUz?eCt--x 

n v e l l c b l e - - t h a t  acn:eved ' :81~! is  of  d i n  s e r v l c e ,  uw'cr v i $ u n l  
Candit l3n3,  31-9 of ten  i u l t o  I s x - - s v o n  " d e r  f i v e  f e 3 t .  

fhen t h e  problem posed by excess ive  H f l r s t  began 

-':the .aas:s =E I l x i t D d  ~ h ~ t o - - i x 3 6 0 1 1 t e  aktx T a r i m s l g  .mie 
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3.12 J u t  we has ten  t o  enphas1:e t h a t  t h l s  ce r ta ln l ' ,  
does n o t  prove t h a t  s ' x h  1 o d  r a l u c 3  3re s a f e ,  ?rhlch is r h a t - i s  
belng csntended. ?.ether, it Is c l e e r  l n d l c e t l a n  t h a t ' e x c m s l s n s  
well b e l m  t h e  c u r r e n t l y  es tab l l3hed  S l lCcpa th  c r l t e r l a  a r e  
f requent ,  and t h a t  no f u r t h e r  eroslon of t h e  s tandards  1s 
J u s t l f l e d .  

3.13 Yet t h e  e r o s l o n  d l d  no t  s t s p  even' here! A j o i n t  
FAA/AIA/ATA meetlng held on September 11, 1970 i n  . iashlngtan 
(a meeting I n  which t h e  sir l i n e  p l l o t s  d l d  n s t  v a r t l c l e 3 t e )  
b lessed  a n  li.4 r e p o r t  a h l c h  a t tempts  t o  J u s t l f y  extremely low 
Valu2s of  X. Th:a r e p o r t  formed the b a s i s  for t h e  ?AA r o t l o n a l e  
t o  adopt a 1 of 10 f e e t  a s  a s tand-rd.  Yet even t h l s  r e p o r t  
notes, s l ~ n l f l c z l t l y ,  t h a t  In c a s e s  sf "severe !rindshear" (deflned 
an 25 !mots/100 f e e t ) ,  s ('psor bean" (undefined ... ) t h a t  a 
go-around l n l t l a t e d  " a t  the th reshs ld '  ?1111 r e s u l t  In a 'I of 
5.5 p e t  ... fol lo.red inmediately by t h e  r e a s s u r l n g  s ta tement  
t h a t  go-around 1s v e r f e c t l v  s a f e  ' r l t h  t h e  ':!heels touchln!: t h e  
m: !' 
3.14 
s a t l s f a c t o r y  I sf 50 f e e t ,  t h e  indus t ry- - fa r  whatever i n t e r e s t s  
mav exlst---tzve. % Y  t 3 r t u m s  l a x l o  and a u e s t l a n a b l e  nrecedent .  

So we have run t h e  c a s p l e t e  gamut; f r a n  n 

w h i t t i e d  l t ~  d& ti Absalutal?  iiro. I i ~ w o u l d ~  b e - d l ? f l c u l t ~ - - '  

cau t lons  DC-10 9 l l a t s .  if ysu f a l l o r  a 2.5' VAS1 and a re  sn 

~~~~~~ ~ ~~ ~ ~~ 

- t o ' l m a @ n e  they xould n t t  l i k e  t o  20 even f u r t h e r .  Dou.rlas 

t h e  lower edze of  the^ 'on-siope corridor' t h e  maln p a r  ~111 
touch doxn S r t  a f  the  runway." (The Annex 1 4  Ins tv l la t l sn  
Cr l te r la  and I s l d r a n c e s  f a r  'l.iS1s sober ly  p r e s e n t s  d i s t a n c e s  
for l o c a t l n g  the  d~~ . inu lnd  VAS1 v lng  bar  t o  y i e l d  W of Zero 
f e e t :  see  AIR-C 3 I D  42. Aooendlx A .  naxe A-14.) 'Is can l u s t  
imadine what b e n e f t t  t&s'~;lil ~hRve for land& d l s t a i c i  
determlnat lon!  

3-15 Douplas a l s o  caut loned t h a t  t h e  ILS "does n o t  

. _ -  

always provlde rnarslns a s  l a w e  '1s '.re w u l d  l i k e "  (!) c l t l n e  
t h e  ILS on :.$lam1 runway 4L ( a s  of 5 J c t o b a r  1071) .:hlch 
produced an on-:llde-slope (no e r r o r )  :f of B.6 f e e t .  (Cuoted 
in Knu4 Your CC-10 L e t t e r  10. S len l f lcDnt ly ,  t h l s  imalled 
c r l t l c l s m  of :$lani was exclsed rrsm L e t t e r  10A.) Daurlas  
f u r t h e r  n a t e s  t h a t  on automatlc  anoroaches. t h e  a u t s n l l o t  n u s t  

necessary t o  f l y  above the s l l d e p e t h  when apprsachlng the  
be disconnected no l m e r  t h a n ~ i 0 0 - i e e t  beciuse "lt rill be 

th reshold  t o  lnsure  sdequate  vhee l  h e l s h t  c lenrance.  WAL?A 

procedures f o r  t h e  DC-10 by r e q u l r l n g  the  p l l o t ,  a t  a n  a l t i t u d e  
can v e r i f y  t h c t  some o p e r n t o r s  have modlfled t h a l r  s tenderd  

g l l d e p a t h  by + d o t  i n  o r d e r  t o  a s s u r e  adequate vhee l  h e l z h t  
of 300 f e e t ,  t o  d l scsnnec t  t h e  a u t s p l l s t  2r.d f l y  ab3ve the  

b l r l l n e ,  au t smat lc  a?proaches a r e  nsrmally d l scont lnued  a t  300 
c learance  a t  the th reshold .  This means t h a t ,  a t  l e a s t  f o r  t h i s  

f e e t  Whlch 10 an unf3r tuna te  r e s t r l c t l o n  of opera t lons .  
Douzlas is p z r t l c u l a r l y  vehement In denouncing t h e  "duck-under,' 
and p l l o t s  are warned t h a t  i f  the  th reshold  is s t l l l  v i s i b l e  
from t h e  cockpl t  a t  a rad13 a l t l t u d e  of 50 f e e t ,  vhee l  c learance  
10 assured and t o  l n l t l a t e  a so-around. A l r l l n e  p l l s t s  
apply t h l s  c r l t e r l a ,  t y p i c a l l y  us lng  somewhat h i g h e r  a l t i t u d e  
f lgures . 
3.16 
of t h e  o b s t a c l e  c learance  s u r f a c e s  such l a t e  go-arounds wou ld  
produce ( a  problem c u r r e n t l v  being consldered in c s n j u n r t l s n  
v l t h  t h e  OCP Irhlch 1 s  k n s t t y  ensugh, even sssumlng so-orounds 

prospect  t h a t  t3dsv s l a r e e  t r o n s - , o r t s  can be p u t  In need of 
l n l t l a t e d  a t  a h c l g e t  of 100 f e e t ) ,  we are apGalled a t  t h e  very  

This  i s  c l e a r  i n d l c a t l o n  t h a t  the eras ion has Gone m c h  tDa f a r .  
eolng around because exvected values  of i are I n s o f f l c l e n t .  

It .is now lncunbent on ICAO and s t h e r  a u t h o r i t l e s  t o  put  a s t 3 9  
t o  t h l s  pervasive t rend.  

3 ~ 1 7  
thelr c u r r e n t  d a s l w  c r l t e r l a  by an a n a l y s l s  of expected' 
toleranens ln f a e t a r s  affectln& t&e q u o l l t g  o r  f h e  approacil. 

~ ~~~ ~ ~~ ~ ~ ~~ ~ ~~~ ~ ~~ ~ 

Dlsregardlng t h e  obvious and f l a g r a n t  lnfr ineement  

The AIA r e p o r t  mentioned absve p u r p o r t s  t o  J u s t l f y  



3.18 
based on e l l  t h e  c r i t e r i a  descr lbed ,  ve Peel t h a t  B narnlnnl 
W of 30 f e e t  i s  xar ran ted  and should be reimposed a n d z n e d .  
It proved t o  be an sdequate c r l t e r l o n  f o r  e a r l i e r  J e t  ae rop lanes  
and c e r t a i n l y  it 1s s t i l l  J u s t i f i e d  t 3  conslder  i t  a v a l i d  
standard f o r  ae rop lanes  'vhose o u t s i z e  geometry r a i s e  se r loue  
ooncern over a s s u r l n g  s a f e  va lues  of today. The mlnimum 
t o l e r a b l e  value of :i. under condi t ions  of 811 toler- 
anomalies,  and t e c h n i c a l  e r r o r s  beinn appl ied adversely,  
should i n  no case  be l e s s  than 20 f e e t .  

On t h e  bas la  of e a r l y  precedent  and experlence,  

4. ON THE QUESTION OF H 

4.1 There has been no l i t t l e  confusion as t o  J u s t  
What H 1s. Perhaps here I t  would be u s e f u l  t o  ou t l i ne  t h e  tllo 
OOlmOnlY appl ied  methods f o r  d e f i n l n g  terms and c a l c u l a t i n g  H. 

1) ;>lethad 1 

The 

/ 

corrsct nomenclature 1s 

e a l r p l a n e  p i t c h  a t t i t u d e  a r  "body angle"  (1.e.. 
l n c l l n a t l o n  of the  n a t e r l l n e  re fe rence  t o  t h e  
h o r l z o n t a l .  T h l s  was i n c o r r e c t l y  c a l l ed  the  
w a t e r l i n e  an@ o f  a t t a c k  by the  V U . )  

7 f l i g h t  pa th  angle-- in t h l s  case,  e l e c t r o n i c  

t o . b e  f o l l o v l n ~  t h e  g l ldepa th- - re la ted  t o  the  
F l tdeoa th  m e l e  Since t h e  aeroplane 1s assumed 

h o r l z o n t a l .  

oc aeroplane anrrle of a t t a c k  ( I n c l i n a t i o n  of t h e  
w a t e r l i n e  reforence t o  t h e  f l l C h t  p a t h ) .  
Note: ci- e + ?  

A d l s t e n c e  p a r a l l e l  t o  t h e  m t e r l l n e  re fe rence  
hetaeen t h e  e l i d e p e t h  antenna and the  a x i s  of 
t h e  rearmost wheel. 

B h e l g h t  d i f f e r e n c e  bet.reen t h e  a l l d e p e t h  an tenrx  

v a t e r l l n e  r e f e r e n c e )  
and rearmost wheel a x l s  (perpendicu la r  t o  the  

R r a d l u s  sf the reermss t  wheel 
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11) Method 2 

GUWPAiY , AN ivwl 

This method is found a l so  I n  Af0P I1 (IC40 Doc 8512) 
1 

L dlstanc 'e  between lowest  p o i n t  o f  rearmost 
wheel and Bl ldepa th  antenna, measured d l r e c t l y  

' l i n e  connect ing t h e  e l l d e p a t h  antenna and the 
angle measured from w a t e r l i n e  r e f e r e n c e  t o  t h e  

lowest  p o i n t  of t h e  rearmost wheel 

method for whlch dlmenslons are r e s d l l y  e v n l l a b l e .  Dlmenslsns 
4.2 Xeethod 1 1 s  t h e  most commonly used method, and t h e  

suppl led  by t h e  m a n ~ ~ f e c t u r e r s  ( s e e  4 I X  C aID 42) are l l s t e d .  
(Note: some manufac ture rs ' suppl led  8 i o t h e r s  suppl led  a.) 

Lotea: (1) AIA d l ~ ~ s n s l o n s  for  D C- 1 0  l i s t e d  i n  t h e i r  9/11/70 

I 
ce o r t .  DC-10 apprsach angle assumes DLC o p e r a t l n e ,  
V f i  = 1.35 

2) mexQmum l l n t e d  
3) t y p l c a l  

(4) als2 see ::sthod 2 onalyslsobelo!r;  l1.l In  t h e i r  9/11/70 

(5) based 3n s t a n j b y  IL3 antenna l x a t e d  in nose of  
r o p w t  l l s t e d  2n PL of 9.2 

t a l l p l a n e  b u l l e t  ( no t  conslderod i n  appendix a o f  
Kemorandum 161) 

13,iLFi~ apglsuds $>is, nnd p s l n t s  t a  It  as 2 n%lel f o r  
H S 1 9 '  to c m f o r x  ' r l t h  t h e  I c d  ass8;nptlon i n  .innex 10 .  

DthQr s e n u f a c t u r e r s  io B~llllGe. 

(6) Cmcar2e 5100 S p o c l r l c s t l m  para 12.3.1.2 m n d a t e s  

- 
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bden t h e  LbckheeS L - l C l l ; . t b l s  e n c l y s l s  -vas contained in thc  
A U  rep3i-t of 9/11/70, and Is t h e  only re fe rence  which l i s t s  
valuds  for L end y . 
4.3 The only aerap lane  ana1:rred br ::et%d 2 ha- 
bden t h e  LbckheeS L - l C l l ; . t b l s  e n c l y s l s  -vas contained i n  tho  
AIA rep3i-t of 9/11/70, and Is t h e  only re fe rence  which l i s t s  

4.3 The only aerap lane  ana1:rred br ::et538 2 ha- 

valuds  for L end y . 
L - 1200" 

Y =  7.8O 

OE. 9.2' 

These f l s u r o s  y l e l d  H - 29.27 f e e t ,  somewhnt l e s s  than t h e  
ca lcu la ted  from t h e ' f l g u r o s  l l B t e d  i n  AIR C BID 42 and e lven  

above. (If vm use t h e  fx of 10.2 l l s t e d  i n  BID 42, '.@e d e r i v e  
an X 3f 30.94'; t h l s  s :~eges t s  some s l l g h t  d l sc rupsnc les  e x i s t  
In t h e  d lnens lons  s u w l l e d . )  Of course,  L nnd y cnn be cmputed  
from t h e  dimenslons supglled:  

L = VA' *(d fiy (The only advantaee t o  

y o  tan-1 B d  doing t h l s  1 s  t h a t  t h e  
Hethcd 2 formula f o r  H 
l e  auch s impler)  A 

From t h e  f l n u r e s  suppl led i n  BID 42. r e  d e r l v e  Ls1208.44" and 
Y -  9.2' for the  i-1011. which casta  doubt ?n t h e  f i g u r e s  
used by t h e  .1IA i n  t h e l r  r apo r t .  

4.4 The ILS t o l e r n n c e s  considered ln t h e  AIA a n a l y e l s  
are: 

7 2.5' 2-75' 3.0' 

Q l l d e p a t h  e r r o r  due t o  l a t e r a l  
s h l f t  (..$hen t h e  aeroplane 1s -51' .61' .73' 
o f f s e t  from t h e  c e n t e r l i n e ,  due 
to : the  t r a n s m l t t e r  I f f s e t )  

Q l l d e p a t h  beam bend (30- v n r l a t i o n )  2.40' 2.38' 2.40' 

Qlldepa th  ground monitor t o l e r a n c e  3.75' 3.749' 3.748' 

Recelver c e n t e r l n a  e r r o r  (,mIXC 
578, page 12; 3 r  v n r l a t i o n )  

.70' ~ 7 2  ' .72' 

P i l o t a g e  error (75 p a ;  one d o t  6.00' 5.98' 6.00' 
LOU) 

Errore acknowlsdeed b u t  for ' rhlch no f i g u r e s  a r e  assigned: 

Glldepath dlsplacsmont s e n s i t i v l t y  

S i t u a t i o n  .d i sp lay  t o l e r a n c e  

Autopl lo t  performance t o l e r a n c e  

Ylndshear, turbulence (FA4 Advlsory ClPculaP 20-57(a) r e q u l r e s  
only 8 kts/lOO f e e t .  AIA v a r i o u s l y  a s s i g n s  an error t o  t h l s  o f  
nome + f o o t  low.) 

Beam d l s t o r t l o n s  ceused by preceding a l r c r n f t  - - - 
Total 

13.36 13.44 13.60 
7-56; 7.55: 7-58; 

.. ~~~~.~~ 
t h e  square r b o t  o f  t h e  sunl.of t h e  
: ~ e  a r e  extremely s k e p t i c a l  of a l l m i n o  an X.:S a n a l p i s  if 
t h e  f n c t o r s  w i t h  no a t t e 3 p t  t o  nnalyze 'vhether sone of tko  
f a c t o r s  should n3 t  be f u l l y  addl t lve .  It Seem m?re probable t h a t  

~~ ~~~.~ .. ~~ . .  ~ _ _  
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4.6 The AI.4 f u r t h e r  a t t e m p t s  t o  b u t t r e s s  kne l r  case  
by applying a @ o s r b J l l c  formu?n f o r  beam r i s e  a t  t h e  t h r e e h l d  
( r e f e r e n c e  132% Trnnsnct lons on Aerospace and i l e c t r 3 n l c  Systezs .  
Ju ly  1968. p i e  638) .  In orc;er t o  shsv t h a t  t h e  a c t u a l  e l e c t r m l c  
g l l d e p a t h  1 s  r a i s e d  above t h e  s t r a l a h t - l l n e  dx tans lon ,  ducn 
t h a t  a beam of ?a 3' w h x e  s t r a l f h t - l l n e  ex tens ion  c r o s s e s  
t h e  th reshold  a t  47 f e e t  I n  f a c t  is  s l t u a t e d  51.5 f e e t  abave 
t h e  th reshold .  Thls may be t r u e  t o  9038 extant- -but  l t  was 
n e i t h e r  Q f e a t u r e  n3r the  l n t e n t  of t h e  ICAO s ? e c l f l c a t l o n .  
For  t h e  p u r p s e  of e s t e D l i s h l n n  c r l t m .  ve aust  l n s l s t  t h a t  
t h e  g l l d e p a t h  Se consldered t o  be a t  i t s  l m e s t  ans l rned  
he igh t ,  l r r e s p e c t l v e  o f  hyperbol lc  beam r l s e ;  t h e  i n t e n t  1 s  
c l e a r l y  t o  provlde edequate '*heal c learance  when t h e  sctual 
beam c r o s s e s  the  th reshold  b e l m  50 f e e t .  - 
4.7 AIA a l s o  maln ta lns  t h a t  t h e  l a r g e  aerop lane  x111 
have i n i t i a t e d  Its f l a r e  t o  land p r i o r  t o  reach lng  t h e  

margin of c learance  ( t hey  a s s l s n  3.5 f e o t  t o  t h l s . )  Thls nay 
th reshold .  and t h e r e f o r e  w l l l  be p r w l d e d  w l t h  a n  4 S d l t l o n a l  

nat a l r a v s  be t h e  case  In  f a c t .  and c e r t a l n l v  cannot be -... _ _  ~~. ~ ~ ~ ~~~ ~ 

counted on i n  a l l  cases:-especialiy vhen es thb l l sh inG c r l t e r l a .  

4.8 The AIA t h e r e f o r e  'Vhereae IFALPA 
proposes: contends t h a t :  

Acknowledged worst-  10.00' 

Worst acknowledged + 7.58 + 13.60' 
t o l e r a n c e  - 
Minimum acceptab le  X 17.58' 33.60' (30.00' nomlns: 

Dlmlnlshed by f l a r e  0 
Lowest accep tab le  14.08' 33.60' 
t a r g e t  1 

DES0 
20.00' 

- 

Apply l w e s t  a l l o n a b l e  
ICAO Catesory 11 I L J  
r e f e r e n c e  datum 51.50' . ~. ~~ 

(50°-31-47'); n I A  
a p p l l e s  hyperbol lc  ___ 
beam r i s e  

~. 47.00' 

- 
Allowable maximum H 3?:42' (11.4m) 
(aeroplane Eeometry) 

13.40' ( 4 .11~  

4.9 
der lved  by i n d u s t r y ,  they  a r e  n o t  unduly concerned, and contend 
t h a t  l o x e r  f l e u r e s  a r e  t a o  r e s t r l c t l v e  on des lgn .  However, by 
t a k l n g  what 're f e e l  t 3  be t h e  more r a t l o n a l  apwaach ,  I?ALL?A 
achleves  a des ign  c r i t e r i o n  f o r  H s l l i h t l y  l e s s  than t h e  IGAO 
assumption i n  Annex 10. Thls 1s not n e c e s s a r l l y  t o  c r i t l c l z e  
t h e  e a r l l e r  a c t i o n  of ICAO, b u t  r a t h e r  t o  r e i n f o r c e  the  r a t l o n a l e  
behlnd i t s  a d > g t i o n . .  I n  f a c t ,  ire c3nt inue t J  f e e l  t h a t  t h e  

nomlnal wheel he igh t  of 30' y i e l d s  H 3f 20'--19' by rounding off 
e a r l l e r  I C A O  d e r l v a t l o n  ( I L S  re fe rence  datum of 50' minus 

5 . h )  was very c lose  t o  being on t s r c e t .  Hare important ,  
t h e  IF.XLiA a n a l y s i s  suppor t s  no t  only r e t e n t i o n  of t h e  
conserva t lve  c r l t e r i J n ,  but  u txr3d lnc  3f t h e  ICAO Xecomcended 
P r a c t l c e .  H = 5.83~ Is Q and s h m l d  n 5 t  be cornoro.zlsed. 

4.10 
of "equlvs len t  s e r e ty "  used by t h e  u.S.  FAA t o  J u s t i f y  t h e i r  
adopt ion of t h e  i n d u s t r y  vlex and consequent deerada t ion  of 
t h e  o a r l l e r  roor,-lns. For aero71anes whose H exceeds,,5.8n (19'). 

Y ~ i s  20 feet a t  m a x i m u m  l z n d l n a  g o s s  v e i e h t  an an I L S  
"equivalent  s a f e ty"  is a j p a r a n t l y  achlaved :<hen t h e  nomin-1" 

r s fe rence .an tum nf 117 Tee t  (see para 4.6 above);  o r  vhen t h e  
mln lmum ' I  1 s  10 f:et undsr t h e  c o n t l t i o n  of  a l l  t o l e r a n c e s  
heln!:.ap@lrd In r e a s s n a b l e  probable ran3lna t ion ' (oee  p l r n  
4.5 abov3) lnc lud lng  " reasonable ,vlndshenr"(D : c t s / l G i ;  feet,; 

Since  no neroplanes have an H e x c e e d h i  t h a t  

'Ye a l s o  n3 te  w i t h  g r e a t  n l s s l v l n g  t h e  r a t i o n a l e  
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and xhen t h e  ::?roolane 1s f l o m  nanusll:: e long  a p a t h  slmllar 
t o  t h a t  whlci: : o d d  be f o l l o i e d  l y  t h s  a u t o p i l o t .  presumably 
a l l o s l n i  fsr *. nanusl  t eke3ver  a t  any p o l n t  ( a l t h a u s h  hsr t h l s  
18 q u a n t l f l e d .  o r  vhere it has been 3emonstr?ted under 
oondl t lons  when X 1s veins  measured h a s  n o t  beon ravualed.)  

manually 1s t h a t  t h e  a u t o p l l o t  '.:as d e l l v e r l n l  hlm lor on t h e  
It 8eems t h a t  m e  highly probable reason  t h e  p l l o t  rnlght t a k e s v e r  

g l l d e p a t h .  I n  any event .  t h e  F:L1 does  not guarantee even 
t h e  l w ~  :i of 10 f r e t ;  t h s y  only assume it. ;e d o  n s t  f g e l  
these c o n d l t l o n s  w a  i n  any concelvablo vay equiva len t  t o  
maln ta ln lng  and r e q u l r l n g  a nomlnnl :i of 30 f e e t  ( t h a t  Is, 
mandatlne a maxinus fi o f  19 f e e t . )  Aeroplanes are now reglular ly  
b u l l t  i n  xh lch  H v a s t l y  exceeds 19 f e e t ,  y e t  t h e  y l y  s t e p s  
t a k e n  a r e  t o  . w r n  D l l n t s .  The FAA concedes that  s p e c i a l  
a t t e n t l o n "  mdst DE pald ts seroglanos  v i t h  l a r g e  va lues  3f H 
l n  o r d e r  t o  a s s u r e  " t o t a l  system performance" bllt '10 can f l n d  
no evldence a 1  provls lons  t o  uperado t h e  performance of  e l t h e r  
t h e  a l r b w n e  o r  ground-based system components ( c e r t a i n l y  
ground systam c m p s n e n t s  perform l d e n t l c a l l y  f3r a l l  aa roplanas  
l r r e s p e c t l v e  sf t h e l r  s l i d e p a t h  antenna loca t lon . )  h r h a p s ,  
I f  a l r b o r n e  compsnent performance v e r e  uperaded, antennas 

The Concorde d e s l e n  proves  there is no excuse for n 3 t  dolns so.  
could h9 r e l o c a t e d  c l l s e r  t o  t h e  wheels--'rhere they  should be. 

5. 

d e a l  w l t h  Ture ly  o p o r a t l o n a l  m a t t ~ ? r s .  3 u t  we joust e g a l n  
5.1 S t r l c t l y  speakins. I t  I s  o u t s l d e  our  purvleiv t o  
r o r c e f u l l v  remlnd a l l  d l v e r a e  oarties t h a t  the achlevement of 
euccese d ipends  on a l l  a s p e c t s ,  o p ? r a t l l n s .  a l r ' xs r th lness ,  
ground equlpnent  performance, e t c .  Ie t a k e  n s t e  of ARC Task 
No. 14.5.2-1/67 ( ILS Technlcal  3pec l f lcBt lons)  I n  A.\l-.TP/4206 
Of 27/9/73; and of Recamnendatlon 3/16 o f  t h e  7 t h  ASC; ve  are 
w a t l f l e d  and heartened t h a t ,  lri framing a e c  3/16, t h e  .21r 
BaV1eatlon Conference conflrned t h a t  they  s h a r e  our very  d e e e  -- concern over t h l s  mat te r ,  and .<e a r e  pleased t h a t  t h e  
AlrMorthlness C o m l t t e e  has  been asked f o r  guldsnce. S ince  we 
(LFe appa l led  a t  t h e  e x t e n t  t o  which t h e  IC.20 s tandard  h a s  Seen 
eroded, our  p a r t  i n  t h e  team e f f o r t  must noa be t o  proper ly  
a d j u s t  t h e  z l l d e p a t h  antenna s i t e  on t h e  aeroplane  (H la 
pu re ly  a n  aeroplsne  Eeonetry problem, s u b J e c t  t o  de s lgn  
c r l t e r l a )  so t h a t  ae roplanes  Bent i n t o  i n t e r n a t i o n a l  a l r  
n a v l r a t i o n  can be  f r e e l y  opera ted  x l t h  f u l l  assurance  t h a t  
reasonably  expected sjrstem deerada t ion  v i 1 1  n o t  'endan8er l i f e  
and proper ty .  

5.2 
that s e v e r a l  S t a t e s  a g r e e  w l t h  us t h a t  t h l s  is a proper  
a h v o r t h l n e s s  matter .  30me S t a t e s  understandably have t a k e n  
a pase lve  v ie# ,  expect ing t h a t  t o  mnlntaln,,H less than  1 9  fee t  

view. Concsrde des ign  h a s  proven i t  Is e n t i r e l y  p r a c t l c a b l o ,  
I n  dealgn '"x111 not  a l v a y s  be p r a c t l c a b l e .  %e t a k e  an 

and t h a t  a va lue  of H can be 1mGosed as  a d e j l g n  requlrezent. 
We d o  n o t  t h l n k  it is r e a l l s t l c  t o  a s k  S t a t e s  t o  raise t h e  
ILS re fe rence  datum t o  accamsdate p o m  a i r c r a f t  ( A u s t r a l l a  
a o l u t l l n  E.) F l l i l t  exper ience  with vorld- l lde f s c l l l t i e s  demands 
t n a t  we t a k e  a s  much s a f e t y  -with us I n  t h e  eeroplane  as  're can. 
Xe do not  t h l n k  n u t s- f l a r e  equlpnent  j u s t l f l e s  d e c r e a s l n e  
t h e  p r e s e n t l y  allo'ued vn1,ues of  Y. Butomatlcs a r e  never  100s 
r e l l a b l c  (Cerdl?  e w r  90,. reliable) and hsman time de lays  a r e  not adequately accomodated I n  t h e  r e q u l r e n e n t s  f o r  p l l o t  
assessment  and o v e r r i d e  of t h e i r  tnalfunctlon, e s p e c l n l l y  i n  
t h e  c r l t l c a l  phases ( a  f a l l u r e  sf the  a u t o- f l a r e  t o  func t lon .  
for example.) l l t h  Canada and t h e  ;:etherlands, we f e e l  s t r s n g l y  
t h a t  H be c o n t r o l l e d  In  aeroplano desien,  c h a t  s u i t a b l e  
matcr ln l  :aust ?o i c t o  tile n l r r o r t h l n e a s  Technlcnl  i:en>ml, and 
t h a t  t h e  sun!act a!il;t be nddressed pro;erly I n  Annex 8.  .le 
R l a o . f e e l  f h a t  a l l -QZhcr.!ralaVant  I O  a e t e r l a l  bavin6 t o  d o  wlth 
thls m a t t e r  3h3uld t ) ~  upxrlded l n s t n t u a . .   in n?d l t?an ,  :e f e e l  
t h a t  a s rop londs  an .lhlw, 3 .exeoe65.27 f e a t  tnday (basel' on ix 
1Ls r s f e r s n c v  i a t u u  o f  47,; lo,::est s l l o r n o l e  .i 3 f  2 o ' j  s c x l d  

~~~ ~~ ~ .... ~ ~... ._ 

Furthermore, r e p l l e s  t o  ST 0/4.2-72/165 i n d i c a t e  
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have s n e r a t l s n o l  r e a t r l c t l % s ;  f o r  example. such aero;lanes 
should be pri ihlbl tad frm ciindur2:ng Cnte3sry I1 51' 111 
ap;rsaches -rhon us inc  c e r t n l n  ILS l n s t n l l n t i o n s  c s n f o r r l n g  
to the l C A 0  s t rndards .  S t n t e s  whlch h a v e . c e r t l f l e d  such  
aeroplanes  f o r  Gatess ry  I1 and I11 approaches on xha tever  
basis should be proper ly  admonished. 

_ _  .... -..~. . . . ~ ~ ~  ~ . . ~ ~ ~  ~~ ~~ 

( I n a d v e r t a n t l y  omltted--please l n s e r t  on page 9) : 

a w r a v a t e d  a n  a Catezary I ILS, f a r  vhlch  t h e  r e f e r e n c e  
4.11 Obvlously t h e  s l t u a t l s n  can be tremendousle 

datum is al1o:ied t o  be a s  1sw a s  (and i n  p r a c t i c e  
even lmrer  If -*e cons lder  t h e  FA% Urder mentlsned i n  
para 3.7.) The very c r i t i c a l  CateC2ry I case.  -rhlch has  
p i l o t s  t h e  mast ,wwried,  is t s t a l l y  l z n w e d  by t h e  i n d u s t r y ;  
t h u s ,  i m p l l c l t  I n  t h e  e n t i r e  AIA n n a l y s l s  l a  t h a t  p l l o t s  

across t h e  th reshold .  Yet Cate ja ry  I q q a l i t y  (and poorer )  
e h a l l  not--and lndeed cnnnot--fAlcrr C l t e a s r y  I ILJ beoms 

ILS csmprlse t h e  v a s t  bulk of t h e  I13 p i l o t 8  n u s t  use  
worldwlde. If we lmposed a d e s l e n  c r l t e r i o n  t h n t  p r o p e r l y  
aocomodated t h e s e  ILS, 've vould roc'l lre valuzr, sf li on t h e  
order of n5t  more t h i n  10 f e e t  (-he reason  e i v e n  by 
t h e  A I A  f o r  s l t l n g  s l l d e p c t h  zntennas I n  t h e  nose v a s  t o  
place t h e  p i l o t ' s  eye n e a r  t h e  e l e c t r o n l c  El lde7e th  so t h a t  
he  x s u l d  " f e e l  csmfortable ?r l th  t h e  s e r o p l s n e  i n  t h e  

r o  er s l J t  ( s l c )  es  d e t e r s l n e d  by v i s u a l  cues..  . vhon t h e  Fil% t r a n s i t i o n s  frsm I n s t r m e n t e  t o  vlsual." The? have 

uncomfx tab l e  In  t h l s  s i t u s t i o n !  Xs remer .  t h i s  is t o t a l l y  
l n  f a c t  achl?ved e x a c t l y  t h e  opp?sl te:  3 . 1 8  f e e l  dec idedly  

fal lsc:>us recaonlng. Kat an17 .r>uld I t  almost  c e r t a i n l y  
p u t  t h e  aeroplane  In  a n  undershoot  Csnl?ltlon If fo l loved ,  
b u t  it 1 s  ln , ,d l rec t  c o n t r a d l c t l o n  ts t h e i r  varn ing  n,-ainst 
*duck under. P l l a t s  duck undcr t o  f i n d  t h e  v i s u a l  cues 
they  heve been used t o  i n  p e s t  ae rog lenes .  a e l s c n t e  t h o  
g l i d e p a t h  enten5a t a  t h e  -1heels t o  p s v l d o  t h e  '.i '::e need-- 

g e t  used t o  t h e  nev (h lgher )  v i s u a l  cues. 8.nd experience 
In cases .  mt J u s t  Ceteesry I1 o r  I I I - - w  t h e  p i l o t  

p roves  he ,rill use them. 
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DEPARTMENT OF'TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

WASHINGTOtd, D.C. 20590 

THE IOMINISTRITOR 
OFFICE Of  

Honorable John H. Reed 
Chairman, Nat ional  Transpor ta t ion  S a f e t y  Board 
Department of Transpor ta t ion  
Washington, D. C. 20591 

Dear Mr. Chairman: 

This i s  to  acknowledge r e c e i p t  of S a f e t y  Recommendation A-74-77 
through 83. 

These recommendations are being reviewed by the  agency and a 
f i n a l  response w i l l  be forwarded as soon as p o s s i b l e .  

S incere ly ,  

A /ky#Jd%bJa exa e r  P. Butt  f i e l d  

Adminiktrator ' 
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DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

November 19,  1974 

Honorable John H. Reed 
Chairman, National Transportation Safety  Board 
Department of Transportation 
Washington, D. C. 20591 

THE ADMINISTRATOR 
OFFICE OF 

Notation 1354 

Dear Mr. Chairman: 

This is  i n  response t o  Safety RecommendatiolsA-74-77 through 
83. 

Recmenda t ion  No. 1. 

Relocate as soon as possible  ILS g l ide  slope t ransmi t te r  s i t e s  
i n  accordance with Federal  Aviation Administration (FAA) Order 
8260.24 t o  provide a l a rge r  margin of s a f e ty  f o r  wide-bodied 
a i r c r a f t  during Category I approaches. 

Comment. 

FAA Order 8260.24 i s  i n  the  process of being revised t o  requi re  
t he  re locat ion of a l l  IIS g l ide  paths which provide a threshold 

Category D a i rp lanes  operate.  The Boston g l i d e  path transmitter 
crossing height below 47 f e e t  at  those a i r p o r t s  at  which 

is  scheduled f o r  re locat ion during the  f i r s t  quar ter  FY-76. 

Recommendation No. 2. 

A s  an in te r im measure, increase DH and v i s i b i l i t y  minimums fo r  
those approaches where the  combination of the  g l ide  slope 
t ransmi t te r  antenna i n s t a l l a t i o n  and the  a i r c r a f t  g l i de  slope 
receiver  antenna i n s t a l l a t i o n  provide a nominal wheel clearance 
of l e s s  than 20 f e e t  at  the  runway threshold.  

Comment. 

I.le do not  concur. The present minimum v i s i b i l i t y  of 9 mile 
and decis ion height of 200 f e e t  i s  considered adequate t o  
enable a p i l o t  t o  ad jus t  the  f l i g h t  path by v i s u a l  reference 
through threshold crossing and landing. 
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Recommendation Wo. 3. 

Pending the  re loca t ion  of the  g l i de  f a c i l i t y  t o  comply with  
FAA Order 8260.24, expedite t he  modifications t o  official u. s. 
instrument approach procedures so t h a t  they d i sp lay  g l i d e  s lope 
runway threshold crossing height f o r  a l l  approaches having 
a threshold crossing height  of less than 47 f ee t .  

Comment. 

Action has been initiated t o  include ILS g l ide  pa th  threshold 

These a r e  p resen t ly  being revised coincident with o ther  
crossing heights  on the  F n s t m e n t  approach procedure char t s .  

rout ine procedure changes. We will expedite ac t i on  t o  complete 
t he  rev is ions  t o  al l  1LS approach procedure char ts .  

Recommendation No. 4. 

Issue an Advisory Circular  which descr ibes  t he  wind shear 
phenomenon, h igh l igh ts  t he  necessi ty  f o r  prompt p i l o t  
recogni t ion and proper p i l o t i n g  techniques t o  prevent 

constant ly  aware of the  a i r c r a f t ' s  rate of descent, a t t i t u d e  
shor t  o r  long landings, and emphasizes the  need t o  be 

and t h r u s t  during approaches using au top i lo t /au to thro t t l e  
systems. 

Comment. 

We have al ready i n i t i a t e d  s t eps  t o  emphasize the  need f o r  
more understanding of the  low l e v e l  wind shear phenomenon. 
On September 26, we began a s e r i e s  of b r i e f ings  at all major 
FAA Air Car r ie r  and F l igh t  Standards D i s t r i c t  Offices t o  
emphasize t he  need f o r  supplemental weather da t a  r e l a t i n g  
t o  turbulence and low level wind shear ,  This e f f o r t  should 
help i n  reducing the  number of accidents and . inc idents  

w i l l  be given t o  al l  Air Car r ie r  Operations Inspectors,  
a t t r i b u t e d  t o  these weather phenomenon. These b r i e f ings  

who,in tu rn ,  w i l l  evaluate  each air c a r r i e r  program and repor t  
t h e  r e s u l t s .  They w i l l  s t r e s s  t he  importance of using the  
weather information provided, espec ia l ly  severe weather and 
low Level wind shear.  

Recommendation No. 5. 

Modify i n i t i a l  and recurrent  p i l o t  t r a in ing  programs and 
t e s t s  t o  include a demonstration of the .appl ican t ' s  
knowledge of wind shear and i ts  e f f e c t  on an a i r c r a f t ' s  
f l i g h t  p r o f i l e ,  and of proper p i l o t i ng  techniques necessary 
t o  counter such e f f ec t s .  
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Coment . 
We plan to reemphasize to our inspector personnel the importance 
of proper flight techniques, including the continuous monitoring 
of rates of descent, thrust and altitude during approaches. 
They will also be asked to review the carriers' training 
programs and, where inadequate, request modification to include 
this material. When information is available on all aspects 
of wind shear, we will consider issuing an advisory circular. 

Recommendation No. 6. 

Expedite the development, testing and operational use of the 
Acoustic Doppler Wind Measuring System. 

Comment. 

We concur in the desirability of expediting the development, 
testing and operational use of an Acoustic Doppler Wind Measuring 

Denver, Colorado, verified that our wind shear measuring system 
System. Our test of an experimental system at Stapleton Airport, 

measurements at 100-foot intervals up to about 2500 feet. These 
can operate in an airport environment and can produce wind 

tests also indicate what improvements to the system are needed. 
We are working on the necessary improvements and will provide 

date. 
specifications for an operational system at the earliest possible 

Recommendation No. 1. 
Develop an interim system whereby wind shear information developed 
from meteorological measurements or pilot reports will be provided 
to the pilots of arriving and departing aircraft. 

Comment. 

Present air traffic control procedures require controllers to 
advise pilots of pertinent pilot reports. However, the National 
.Weather Service does not forecast wind shear at present. When 
the capability of forecasting and measuring wind shear is developed, 
we will implement procedures for dissemination of the information 
to pilots. 

Sincerely, - 
&-LR c* 

uty Administrator for 
wexander P. Butterfield 
Administrator 
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