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SYNOPSIS 

A United A i r  Lines Boeing 737-222 crashed on December 8,  1972, a t  
1428 c.s.t .  while making a nonprecision instrument approach t o  Runway 31L 
a t  the Chicago-Midway Airpor t ,  Chicago, I l l i n o i s .  The accident  occurred i n  
a r e s i d e n t i a l  a rea  approximately 1.5 miles southeast  of the approach end of 
Runway 31L. The a i r c r a f t  was destroyed by impact and subsequent f i r e .  A 
number of houses and o the r  s t ruc tu res  i n  the impact a rea  were a l s o  destroyed. 

There were 55 passengers and 6 crewmembers aboard the a i r c r a f t .  Forty 
passengers and three crewmembers were k i l l ed .  Two persons on the ground 
a l s o  received f a t a l  i n j u r i e s .  

The a i r c r a f t  was observed descending below the overcast i n  a nose- 
high a t t i t u d e  and with the sound of high engine power j u s t  before i t  crashed 
i n t o  s t ruc tu res  on the ground. 

The National Transportation Safety Board determines tha t  the probable 
cause of t h i s  accident  was the cap ta in ' s  f a i l u r e  t o  exerc ise  pos i t ive  f l i g h t  
management during the execution of a nonprecision approach, which culminated 
i n  a c r i t i c a l  de te r io ra t ion  of airspeed i n t o  the s t a l l  regime where l e v e l  
f l i g h t  could no longer be maintained. 

A s  a r e s u l t  of t h i s  accident  the Safety Board again emphasized the 
unique demands f o r  crew coordination and constant  v ig i lance  during non- 
precis ion approaches. The Board a l s o  made severa l  sa fe ty  recommendations 
to  the Federal Aviation Administration dealing with the use of f l i g h t  
spo i l e r s  and the occupant survival  and evacuation aspects  of t h i s  accident .  



1. INVESTIGATION 

1.1 History of the F l i g h t  

United A i r  Lines Boeing 737-222, N9031U, operat ing a s  F l i g h t  553 
(UA-553) on December 8,  1972, was a scheduled passenger f l i g h t  from 
Washington National Airport ,  Washington, D. C., t o  Omaha, Nebraska, with 
an intermediate s top  a t  the Chicago-Midway Airpor t ,  Chicago, I l l i n o i s .  
There were 55 passengers, including 5 chi ldren and 2 i n f a n t s ,  and a crew 
of 6 aboard the a i r c r a f t .  

UA-553 departed Washington a t  1250 an Instrument F l i g h t  Rules 
(IFR) clearance and was assigned an en route a l t i t u d e  of 28,000 f e e t  by 

A i r  T ra f f i c  Control (ATC). The f l i g h t  proceeded i n  accordance with i t s  
IFR f l i g h t  plan. Af ter  i t s  a r r i v a l  i n  the Chicago A i r  Route Tra f f i c  Control 
Center a rea ,  UA-553 was cleared t o  descend t o  4,000 f e e t  and was given radar 
vectors t o  i n t e r c e p t  the Midway Airpor t  Runway 31L l o c a l i z e r  course. A t  
1419, Chicago Center e f f e c  ed a radar  handoff and t r a n s f e r  of the f l i g h t  t o  
Chicago Approach Contro1.z7 Af te r  contact ing approach con t ro l ,  UA-553 was 
advised tha t  radar contact  had been es tabl ished.  The f l i g h t  was a l s o  advised 
t o  maintain a heading of 290' and to  in te rcep t  the Runway 31L l o c a l i z e r  
course. 

A t  the same time, approach control  was handling o the r  t r a f f i c ,  includ- 
ing Aero Commander N309VS which had executed a missed approach a t  Midway 
and was being vectored back to  the Kedzie ou te r  marker (OM) t o  i n t e r c e p t  
the l o c a l i z e r  f o r  a second approach t o  Runway 31L. 

Approach control  requested UA-553 to  decrease airspeed t o  180 knots 
a t  1421: 56, and t o  slow t o  160 knots 80 seconds l a t e r .  A clearance t o  
descend t o  2,000 f e e t  was issued a t  1423:42. Short ly the rea f te r ,  the 
separat ion between UA-553 and the preceding Aero Commander prompted the 
c o n t r o l l e r  t o  request UA-553 t o  begin slowing t o  i t s  approach speed. A l l  
these advisor ies  were acknowledged by the f l i g h t .  

A t  1424:10, the c o n t r o l l e r  advised the Aero Commander t o  turn inbound 
t o  in te rcep t  the l o c a l i z e r  and c leared i t  fo r  the approach t o  Runway 31L. 
A t  1424:45, the Aero Commander w a s  switched to  the Midway Tower frequency 
with a request to ,  "... keep up a s  much speed a s  long a s  you can." Accord- 
ing  t o  the approach c o n t r o l l e r ,  the spacing between the Aero Commander and 
UA-553 was approximately 3% miles a t  tha t  time. A t  1424:51, when the Aero 
Commander reported passing the OM, i t  was cleared t o  land on Runway 31L and 
requested t o  repor t  when the runway was i n  s igh t .  

I /  A l l  times here in  a r e  c e n t r a l  standard, based on the 24-hour clock. - 
2/ The Terminal Radar Approach Control F a c i l i t y  (TRACON) i s  located a t  - 

Chicago-0'Hare In te rna t iona l  Airport .  This f a c i l i t y  provides radar 
approach c o n t r o l  se rv ice  f o r  the Chicago metropoli tan area.  



A t  1425:35, when UA-553 was approximately 2 miles outs ide  the OM and 
on the l o c a l i z e r  course f o r  Runway 31L (as observed on the approach control  
r adar ) ,  the f l i g h t  contacted the Midway Tower and reported tha t  i t  was out  
of 3,000 f e e t  f o r  2,000 f e e t .  Af ter  request ing the f l i g h t  to  repor t  
passing the OM inbound, the tower con t ro l l e r  advised UA-553 tha t  i t  was 
number two on the approach. A t  1426: 30, UA-553 reported passing the OM 
inbound and was advised by the tower, "United f i v e  f i v e  three continue 
inbound. You're number two on the approach. I ' l l  keep you advised." 

A t  1426:41, the Aero Commander reported the-runway i n  s i g h t  and 
received clearance t o  land on Runway 31L. About 9 seconds l a t e r ,  the tower 
c o n t r o l l e r  considered having the Aero Commander land on Runway 31R ins tead;  
but  when he saw i t s  proximity t o  Runway 31L, he reissued the clearance t o  
land on tha t  runway. A t  1427:04, UA-553 was issued a missed approach 
clearance a s  follows: "United f i v e  f i f t y - t h r e e  execute a missed approach, 
make a l e f t  turn t o  a heading of one e igh t  zero climb t o  two thousand." 
UA-553 repl ied ,  "Okay l e f t  turn  t o  one e ight  zero .... l e f t  turn Okay." A t  
1427:36, the c o n t r o l l e r  advised, "United f i v e  f i v e  three  contact  departure 
control  now one one e ight  point  four." UA-553 did  not  acknowledge tha t  
transmission; there  were no fu r the r  communications with the f l i g h t .  

The approach c o n t r o l l e r  s t a t e d  tha t  a f t e r  the tower con t ro l l e r  had 
coordinated with him regarding the missed approach clearance issued t o  
UA-553, he noticed tha t  the radar t a rge t  associated with the a i r c r a f t  had 
d r i f t e d  approximately 118 t o  114 mile t o  the r i g h t  of the l o c a l i z e r  center-  
l ine .  He observed the t a rge t  f o r  two sweeps of the radar antenna a f t e r  
which he saw i t  disappear from the radarscope. 

According t o  cockpit voice recorder (CVR) information, the capta in  
ca l l ed  f o r  the f i n a l  descent check a t  1426:24, about 4 seconds a f t e r  the 
sound of the Kedzie OM i d e n t i f i e r  ended. The check l i s t  was completed a t  
1427:03; about 1 second l a t e r  the f i r s t  o f f i c e r  ca l l ed ,  "Ah, thousand feet ."  
Less than 2 seconds a f t e r  t h i s  c a l l ,  the sound of s t ickshaker  ac t iva t ion  
(a device designed t o  a l e r t  the p i l o t  t o  approaching s t a l l )  could be heard 
on the CVR tape and remained audible u n t i l  the recording ended a t  1427:25. 
The beginning of the s t ickshaker  sound coincided with the word "execute" 
i n  the tower c o n t r o l l e r ' s  missed approach clearance. 

According to  surviving passengers, the l a s t  public address announcement 
from the cockpit ,  made about 5 minutes before impact, indicated tha t  the 
f l i g h t  was over Gary, Indiana, a t  4,000 f e e t ,  and would be landing i n  about 
5 minutes. Some survivors s t a t e d  tha t  the engine noise decreased a t  the 
time the announcement was made, and tha t  t h i s  lower noise l eve l  remained 
constant u n t i l  shor t ly  before impact. Most survivors agreed tha t  there  was 
a rapid appl ica t ion of power j u s t  before impact, accompanied by the r o t a t i o n  
of the a i r c r a f t  t o  a nose-high a t t i t u d e .  The sound l e v e l  of the engines 
a t  t h i s  time was described i n  terms such a s  " f u l l  t h r o t t l e "  and "sounded 
l i k e  on takeoff." One passenger s t a t e d  tha t  the a i r c r a f t  "seemed t o  jerk  
a s  the engines came on." Two of the three surviving cabin a t tendants  and 
one ground witness were of the opinion tha t  there was more than one power 
I I surge. I' 



Several  survivors s a i d  tha t  the a i r c r a f t  shuddered following the nose- 
up p i t ch  change; four of them estimated tha t  the a i r c r a f t ' s  nose rose  a t  
l e a s t  30'. One passenger s t a t e d  tha t  the nose pitchup occurred i n  two 
phases: the f i r s t ,  gradual and to  a moderate angle;  the second, abrupt  and 
to  a high angle. 

Several  eyewitnesses heard loud engine sounds and observed the a i r c r a f t  
i n  a nose-high a t t i t u d e .  A l icensed p i l o t  s t a t e d  tha t  when he saw the a i r -  
c r a f t  break out  of the overcast  a t  400 t o  450 f e e t  above the ground, i t  was 
descending i n  a l e v e l  a t t i t u d e .  He sa id :  "There was a surge of power and 
there  was an abrupt a t t i t u d e  change i n  the a i r c r a f t .  The nose went to  a 
very high angle of at tack."  

The geographic coordinates of the crash s i t e  were 41Â°45'51" M. 
87'42'54" W. 

1.2 I n j u r i e s  t o  Persons 

I n j u r i e s  Crew Passengers Others - 
F a t a l  3 40 2 

Nonfatal 1 15 2 

None 2 0 

Two occupants of a house s t ruck  by the a i r c r a f t  received f a t a l  in-  
ju r i e s .  Two o the r  persons near the accident  s i t e  received minor i n j u r i e s .  

Post-mortem examinations of the f l ightcrew disclosed no evidence of 
incapaci ta t ing  disease.  However, the coroner 's  autopsy repor t  on the 
capta in  included the statement tha t  'I. . . stenosing coronary athero- 
s c l e r o s i s  with u l t ra-acute  foca l  myocardial i n f a r c t i o n  . . .'I was i n  evidence. 
This f inding was based on the HematoxyUn-Basic Fuchsin-Picric (HBFP) ac id  
s t a i n  technique. 

Specimens of the cap ta in ' s  h e a r t  t i s s u e s  subsequently examined by a 
medical s p e c i a l i s t  of the Armed Forces I n s t i t u t e  of Pathology revealed no 
evidence of any ul t ra-acute  myocardial in fa rc t ion .  According to  one of the 
developers of the HBFP technique, the method cannot be considered diagnostic  
of myocardial i n f a r c t i o n ;  i n  add i t ion ,  exposure of a victim to  carbon 
monoxide can produce a f a l s e  pos i t ive  ind ica t ion  of a myocardial in fa rc t ion .  

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

The a i r c r a f t  was destroyed by impact and postcrash f i r e .  



1.4 Other Damage 

The impact and subsequent f i r e  destroyed f i v e  wood and b r i c k  frame 
houses and one garage, and damaged three  o the r  houses and two garages. 
(See Appendix D f o r  d e t a i l e d  information.) 

1.5 Crew Information 

The capta in ,  f i r s t  o f f i c e r ,  second o f f i c e r ,  and f l i g h t  a t tendants  
were qua l i f i ed  and c e r t i f i c a t e d  f o r  the operat ion involved. (For de ta i l ed  
information see Appendix B .) 

1.6 A i r c r a f t  Information 

A i r c r a f t  N9031U, a Boeing 737-222, was reg i s t e red  t o  United A i r  
Lines, Inc.  I t  was c e r t i f i c a t e d ,  maintained, and equipped i n  accordance 
with Federal  Aviation Administration (FAA) regulat ions.  

The a i r c r a f t  weight and center  of gravi ty  (c.g.) a t  the time of the 
accident ,  computed t o  have been 86,394 pounds, and 19.0 percent mean aero- 
dynamic chord (MAC), respectively,  were both wi th in  spec i f i ed  l i m i t s .  
(For de ta i l ed  information, see Appendix C.) 

1.7 Meteorological Information 

National Weather Service surface  weather c h a r t s  showed a r e l a t i v e l y  
i l l -de f ined  low pressure a rea  centered approximately 120 miles south of 
Midway Airport  a t  the time of the accident. That system, coupled with a 
quasi-stat ionary f r o n t  or iented  i n  an east-northeastfwest-southwest 
d i r e c t i o n  from Virginia t o  Arkansas, was producing an extensive a rea  of 
l i g h t  f reezing d r i z z l e ,  o r  l i g h t  f reezing r a i n ,  and very l i g h t  snow over 
northern I l l i n o i s .  

The following a r e  se lec ted  surface  weather observations a t  Midway 
Airpor t  a t  the times indicated:  

1300 - Record Specia l ,  measured 500 f e e t  overcas t ,  v i s i b i l i t y  l m i l e ,  - 
fog, temperature 27OF., dew point  26' F . ,  wind 170' 4 knots, 
a l t i m e t e r  s e t t i n g  30.04 inches, c e i l i n g  ragged. 

1400 - measured 500 f e e t  overcas t ,  v i s i b i l i t y  1 mile,  fog, temperature - 
27' F., dew point  26O F., wind 260' 6 knots, a l t ime te r  s e t t i n g  
30.05 inches, c e i l i n g  ragged. 

1433 - l o c a l ,  measured 500 f e e t  va r i ab le  overcast ,  v i s i b i l i t y  1 mile,  - 
fog, wind 250Â 6 knots, a l t i m e t e r  s e t t i n g  30.05 inches, c e i l i n g  
400 f e e t  va r i ab le  t o  600 f e e t ,  a i r c r a f t  mishap. 

The Midway low l e v e l  radiosonde (upper a i r )  observation made a t  1106 
showed sa tu ra ted  condit ions from j u s t  above the surface  t o  approximately 



6,100 f e e t  mean sea l e v e l  (m.s.1.). The a i r  was general ly s t a b l e  with 
severa l  inversions i n  evidence. Temperatures were subfreezing except i n  a 
layer  between about 5,700 and 6,700 f e e t  where temperatures were a f r a c t i o n  
of a degree above freezing.  

The terminal fo recas t  f o r  Midway prepared by the National Weather 
Service was: c e i l i n g  500 f e e t  overcast ,  v i s i b i l i t y  1 mile,  l i g h t  freezing 
d r i z z l e ,  l i g h t  snow, fog, var iable  t o  c e i l i n g  200 f e e t  obscured, v i s i b i l i t y  
1 1 2  mile,  l i g h t  f reezing d r i z z l e ,  fog, o r  l i g h t  snow, fog. 

Weather Service fo recas t s  f o r  the route included SIGMETS 2' warning of 
moderate o r  g rea te r  turbulence below 15,000 f e e t ,  and moderate to  occasionally 
severe i c ing  i n  clouds and p rec ip i t a t ion .  Company forecas ts  an t i c ipa ted  
low l e v e l  c l e a r  a i r  turbulence produced by wind shear a t  various terminals ,  
including Midway, and a l s o  warned of l i g h t  f reezing p rec ip i t a t ion .  

With h i s  o the r  d ispatch  documents, the capta in  of F l igh t  553 received 
a weather packet containing current  and forecas t  en route and terminal 
weather condit ions,  and fo recas t  winds and temperatures a l o f t .  S imi lar  
information was ava i l ab le  i n  the company dispatch o f f i c e  a t  Washington 
National Airport .  

Several  p i l o t s  who had made a l o c a l i z e r  approach to  Runway 31L a t  
Midway jus t  before ,  and immediately a f t e r ,  the accident  were questioned 
concerning the weather condit ions a t  the time. The p i l o t  of Aero Commander 
N309VS s ta ted  tha t  i c ing  was not an opera t ional  problem e i t h e r  during h i s  
f l i g h t  from Indianapolis ,  Indiana, to  Midway, t h a t  af ternoon,  o r  during h i s  
i n i t i a l  approach, missed approach, and second approach to  Runway 31L. He 
added tha t  a t  no time did  he think i t  was necessary t o  ac tua te  the wing 
and empennage de ice r  boots, although occasionally he applied windshield 
alcohol because of l i g h t  rime ice .  A pos t - f l igh t  inspection revealed no 
i c e  on h i s  a i r c r a f t .  A t  minimum descent a l t i t u d e  (MDA) on h i s  f i r s t  
approach, he was "running i n  and out" of clouds, with "occasional holes;"  
during h i s  second approach he had b e t t e r  ground v i s i b i l i t y  a t  MDA, and he 
had no d i f f i c u l t y  landing. He estimated the c e i l i n g  over the a i r p o r t  t o  
have been 500 f e e t  o r  more, with a v i s i b i l i t y  of 1 t o  1% miles. 

The capta in  of Delta A i r  Lines F l i g h t  567, a DC-9 which a r r ived  from 
Det ro i t ,  Michigan, and landed on 31L j u s t  before the Aero Commander, s t a t e d  
tha t  he encountered l i g h t  i c i n g  condit ions and used a l l  ava i l ab le  a n t i -  
i c ing  equipment, including empennage ant i - ic ing.  He noted very l i t t l e  
accumulation of i c e  on h i s  a i r c r a f t ,  possibly l e s s  than a quar ter  of an 
inch,  during the e n t i r e  approach. He s t a t e d  t h a t  he was s t i l l  i n  the over- 
c a s t  when he was over the Kedzie OM. J u s t  beyond Kedzie, he found some 
holes i n  the overcast  "and had ground contact  r i g h t  away, but  ... d i d n ' t  
a c t u a l l y  come out  from under the overcast  u n t i l  j u s t  about 500 feet ."  

31 SIGMET. An advisory concerning weather of such sever i ty  a s  t o  be - 
p o t e n t i a l l y  hazardous t o  a l l  ca tegor ies  of a i r c r a f t .  



The p i l o t  of a Cessna 310, which landed on 31L immediately a f t e r  the 
accident ,  reported tha t  he entered the overcast  i n  the Midway a rea  a t  
4,000 f e e t  m . s . 1 .  and tha t  he remained i n  i t  f o r  about 8 o r  9 minutes 
during h i s  approach. He s t a t e d  tha t  the buildup of i c e  on h i s  a i r c r a f t  was 
about 112 inch and tha t  he in te rmi t t en t ly  operated the wing and empennage 
deicing boots. He estimated tha t  he had v i sua l  ground contact  from an 
a l t i t u d e  of 500 to  600 f e e t  above the ground. 

The accident  occurred during daylight  hours. 

1.8 Aids to  Navigation 

The l o c a l i z e r  approach t o  Runway 31L a t  Midway incorporates a l o c a l i z e r ,  
operat ing on a frequency of 109.9 MHz with an inbound course of 312O, a 
compass loca to r  (Kedzie) i n s t a l l e d  a t  the OM s i t e  located 3.3 nmi from the 
end of the runway, and a middle marker (MM) located 0.6 mi from the runway. 
The published procedure shows a minimum crossing a l t i t u d e  over the OM of 
1,500 f e e t  m.s .1 .  (889 f e e t  a .g. l . ) ,  a t  which point  descent t o  the MDA of 
1,040 f e e t  m . s . 1 .  (429 f e e t  a.g.1.) i s  authorized. The missed approach 
procedure prescribes a climbing l e f t  turn to  2,600 f e e t  m.s.l., and thence 
t o  proceed to  the Peotone (EON) VOR v ia  the 001' r ad ia l .  The published 
landing minimums f o r  t h i s  approach were MDA 1,040 f e e t  m.s.1. and 1-mile 
v i s i b i l i t y .  Also shown on the approach char t  i s  the Calumet in te r sec t ion ,  
6.9 nmi from Kedzie, which is  formed by the in te r sec t ion  of the 356' r a d i a l  
from the Chicago Heights (CGT) VOR and the runway 31L l o c a l i z e r  course. 
(See Appendix E.) 

A l l  navigational  f a c i l i t i e s  (NAVAID's) associated with t h i s  approach 
procedure were f l i g h t - t e s t e d  by the FAA immediately a f t e r  the accident  and 
were found to  be operat ing wi th in  prescribed tolerances. None of the 
f l i g h t s  using the l o c a l i z e r  before o r  a f t e r  the accident  reported any 
problems . 
1.9 Communications 

No discrepancies with air-ground communications between UA-553 and 
A i r  Traff ic  Control (ATC) f a c i l i t i e s  were reported. 

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

Runway 31L a t  Midway Airport  is aspha l t  surfaced and is  6,519 f e e t  
long by 150 f e e t  wide. The e levat ion a t  the runway threshold i s  611 f e e t  
m.s .1 . ;  the published f i e l d  e levat ion i s  619 f e e t  m.s .1 .  The runway i s  
equipped with high-intensi ty runway l i g h t s ,  runway end i d e n t i f i e r  l i g h t s ,  
and v i sua l  approach slope ind ica to r  (VASI) l i g h t s ,  a l l  of which were on and 
operat ing a t  the time of the accident. 

Runway 31R, p a r a l l e l  t o  and approximately 700 f e e t  t o  the r i g h t  of 
Runway 31L, i s  5,388 f e e t  long by 150 f e e t  wide and is  r e s t r i c t e d  from use 
by j e t  t r a f f i c .  



1.11 F l i g h t  Recorders 

N9031U was equipped with a F a i r c h i l d  Model F-5424 F l i g h t  Data Recorder 
(FDR) s e r i a l  No. 5134. The a l t i t u d e ,  indica ted  a i rspeed,  magnetic heading, 
and v e r t i c a l  acce le ra t ion  t r aces  ended abruptly 82:14 minutes a f t e r  takeoff 
(approximately 14 minutes before the accident) .  Measurements a t  the end of 
these t races  indicated an a l t i t u d e  of 10,625 f e e t  m.s.l., an airspeed of 
307 knots, and a heading of 274' magnetic. Examination of the f l i g h t  
recorder showed tha t  a mi te r  gear (PIN 10466), which is  p a r t  of the d r ive  
gear assembly, had sl ipped on i t s  s h a f t  causing the recorder to  s top  
functioning . 

The a i r c r a f t  was a l s o  equipped with a Sundstrand, United Control Data 
Division Model V-557, Cockpit Voice Recorder (CVR) s e r i a l  No. 1648. 
Although the CVR showed evidence of extreme f i r e  and heat  damage, the e n t i r e  
tape was recovered with only moderate damage t o  a nonpertinent area .  A 
t r ansc r ip t ion  was made of the f i n a l  27% minutes of the recording. Communi- 
ca t ions  and conversations by the individual  crewmembers were i d e n t i f i e d  
by persons who were fami l i a r  with t h e i r  voices. Simulator s tud ies  and a i r -  
c r a f t  t e s t  f l i g h t s  were conducted to  dupl ica te  and t o  record various CVR 
sounds, such as :  gear and f l a p  lever  movements, various switch ac tuat ions ,  
a u r a l  warning s igna l s ,  e tc .  A t r a n s c r i p t  of a l l  pe r t inen t  sounds and 
communications during the l a s t  8 minutes of recorder operat ions i s  included 
i n  Appendix F. 

Precise timing of the CVR data  was made by determining the accuracy 
of elapsed times between recorded events. F i r s t ,  a time base f o r  the CVR 
recording was es tabl ished by comparing the recorded i d e n t i f i c a t i o n  s igna l  
frequency of the Kedzie OM with the known frequency c h a r a c t e r i s t i c s  of tha t  
s igna l .  Next, the times thus es tabl ished f o r  a l l  recorded events were 
corre la ted  t o  r e a l  time by reference t o  a recorded time s igna l  tha t  had 
been transmitted by Aeronautical Radio, Incorporated (ARINC) a t  1400. 

Comparison of the r e s u l t i n g  CVR t r a n s c r i p t  times with times of iden- 
t i c a l  events recorded by ATC sources showed variances;  however, the times 
were general ly wi th in  3 seconds of one another,  and there  were no d i f f e r -  
ences exceeding 6 seconds. 

The cockpit a rea  microphone (CAM) t rack  of the CVR was examined to  
the f u l l e s t  extent  of the Safety Board's audio laboratory capab i l i ty  i n  an 
attempt t o  iden t i fy  engine sound frequencies during the f i n a l  phase of the 
f l i g h t .  No evidence r e l a t i n g  t o  engine th rus t  s e t t i n g s  was found. A 
s imi la r  attempt was made by United A i r  Lines, using s p e c i a l  engine-analysing 
equipment; the r e s u l t s  were negative. The CAM t rack recording was then 
examined by the General E l e c t r i c  Company's Research and Development 
Laboratories. The engine operat ing data developed by General E l e c t r i c  a r e  
summarized i n  Section 1.15, Tests and Research. 



1 . 1 2  A i r c r a f t  Wreckage 

The a i r c r a f t  crashed i n t o  a r e s i d e n t i a l  a rea  approximately 1% miles 
shor t  of the runway and 114 mile t o  the r i g h t  of the l o c a l i z e r  approach 
course. The main wreckage area ,  or iented  on a magnetic heading of 3 3 8 ,  
was approximately 250 f e e t  long and 90 f e e t  wide. The a i r c r a f t  was i n  a 
nearly wings l e v e l ,  nose-high a t t i t u d e  when i t  f i r s t  penetrated the upper- 
most branches of a 20-foot t ree .  Af ter  t h i s  contact ,  the a i r c r a f t  impacted 
t r e e s ,  houses, u t i l i t y  pole cables ,  and garages before i t  came t o  r e s t  
across  the foundation of one of the destroyed houses. The descent angle, 
from i n i t i a l  t r e e  contact  t o  the f i n a l  impact s i t e ,  was approximately 
4.5'. Terrain e leva t ion  i n  the wreckage area  i s  615 f e e t  m.s .1 .  (See 
Appendix D f o r  d e t a i l s . )  

Port ions of  both wings and the fuselage from j u s t  a f t  of the cockpit 
t o  the r e a r  gal ley  door were consumed by the postcrash f i r e .  The r e l a t i v e l y  
i n t a c t  l e f t  cockpit sec t ion  and empennage incurred only minor f i r e  damage. 
A l l  a irframe s t r u c t u r a l  components were accounted fo r  e i t h e r  i n  the main 
wreckage area  o r  along the path of impact. 

Ground f i r e  damage precluded any determination of the preimpact 
i n t e g r i t y  of the con t ro l  system o r  the degree of de f lec t ion  of the primary 
f l i g h t  controls .  The hor izon ta l  s t a b i l i z e r  jackscrew was found extended 
t o  14% inches, which corresponded t o  a s t a b i l i z e r  t r i m  pos i t ion  ind ica t ion  
of 9% u n i t s  (UAL S t a b i l i z e r  T r i m  Scale)  a i r c r a f t  noseup. 

The l e f t  main landing gear was found almost f u l l y  re t rac ted  but not  
completely wi th in  the up-lock. The r i g h t  main gear was completely separated 
from the a i r c r a f t .  The nose gear was torn loose from i t s  mount; the 
pos i t ion  of i t s  r e t r a c t  mechanism indicated tha t  i t  had been re t rac ted  a t  
impact . 

Measurement of the landing f l a p  jackscrew ac tua to r s  showed tha t  the 
f l a p s  had been extended 37O a t  impact. (Ful l  f l a p  extension i s  40Â°. Three 
of the s i x  wing leading-edge s l a t  ac tuators  were recovered; they were i n  
the extended posi t ion .  A l l  ground and f l i g h t  s p o i l e r  ac tua to r s  were found 
t o  have been i n  the s p o i l e r  r e t rac ted  (stowed) pos i t ion  a t  impact. 

The l e f t  wing an t i - i ce  valve w a s  found i n  the c l o s e d  (wing heat  o f f )  
pos i t ion .  Damage t o  the r i g h t  wing a n t i - i c e  valve precluded a determination 
of i t s  preimpact pos i t ion .  Both a i r  conditioning pack valves were found i n  
the closed posi t ion.  

Both engines were separated from the a i r c r a f t .  A l l  f i r s t  s tage  fan 
blades of the No. 1 engine were broken o f f  above the blade root  platforms. 
Nearly a l l  second s tage  fan blades and a l l  at tached four th  s tage  compressor 
blades were bent opposite t o  the d i rec t ion  of compressor ro ta t ion .  Large 
amounts of debr is  and building mater ia ls  were found i n  the a i r  i n l e t  and 
f r o n t  fan  areas  of the No. 2 engine. The leading edges of the f i r s t  and 
second s tage  fan blades were extensively damaged and bent opposite t o  the 



d i r e c t i o n  of compressor ro ta t ion .  Both th rus t  reversers  were i n  the 
stowed posi t ion .  

Disassembly and inspection of compressor, combustion, and turbine 
sect ions  of both engines showed extensive r o t a t i o n a l  damage t o  the fan/ 
compressor blades through the 13th stage.  S i l v e r  colored meta l l i c  deposi ts  
were found adhering to  the e x t e r i o r  surfaces  of the combustion chamber 
domes, the inner  and ou te r  o u t l e t  ducts ,  and a l l  four s tages  of the turbine 
blades and vanes. 

Inspec t ion  of the engine b leed-a i r  systems revealed vegetat ion o r  
debr i s  i n  theentranceelbows of the eighth s tage  bleed-air  manifolds and 
check valves, downstream (eighth s tage  manifold s ide )  of the pressure 
modulating valves i n  the 13th s tage  b leed-a i r  manifolds, and on the down- 
stream face of the pressure modulation valve b u t t e r f l y .  No debr is  was 
found upstream (on the 13th s tage  s ide )  of the pressure modulating valves 
o r  on the upstream face of the modulating valve b u t t e r f l y .  A l l  bleed-air  
i n l e t  guide vane an t i - i ce  and nose cowl an t i - i ce  valves were open. 

The r e l a t i v e l y  i n t a c t ,  cap ta in ' s  s i d e  of the cockpit was damaged by 
ground f i r e .  The f i r s t  o f f i c e r ' s  s t a t i o n ,  including the instrument panel, 
was destroyed. 

The cen te r  control  pedes ta l  was t o m  away a t  impact from i t s  normal 
pos i t ion .  The f l a p  s e l e c t o r  handle was r e l a t i v e l y  i n t a c t  and moved f r e e l y  
between the 30' and 40' pos i t ions .  The f l i g h t  s p o i l e r  (speed brake) handle 
was i n  the stowed posi t ion .  The s t a b i l i z e r  t r i m  ind ica to r  was found s e t  
a t  9% u n i t s  a i r c r a f t  noseup. The landing gear handle was not  recovered. 

The No. 1 engine pressure r a t i o  (EPR) gauge was recovered with the 
pointer  indica t ing 1.66 EPR and with a t a rge t  EPR reading of 1.97 i n  the 
s e l e c t o r  window. The No. 2 engine EPR pointer  indicated 1.90 EPR with a 
reading of 1.95 i n  the s e l e c t o r  window. 

The a n t i - i c e  switches of both engines, the P i t o t  heat  switches, and 
the window heat  switches were "ON." The f i laments i n  the re la ted  ind ica to r  
l i g h t  bulbs were s t re tched.  

The two VHF navigation receiver  frequency s e l e c t o r  heads were found 
s e t  a t  the Runway 31L l o c a l i z e r  frequency. 

A funct ional  t e s t  of the cap ta in ' s  At t i tude  Director  Ind ica to r  (ADI) 
showed i t  t o  be opera t ional  i n  a l l  modes except "go-around." Fur ther  
examination disclosed tha t  the command bars  would not  function i n  t h i s  mode 
because of ground f i r e  damage to  the re la ted  par ts .  

A t e s t  of the c a p t a i n ' s  airspeed ind ica to r  showed tha t  i t  was opera- 
t i n g  wi th in  opera t ional  spec i f i ca t ions ,  except i n  the range between 70 and 
140 knots, where i t  read .5 t o  5 knots slow. 



The No. 1 Horizontal S i t u a t i o n  Indicator  (HSI) course s e l e c t o r  was 
found s e t  a t  317'. A l l  warning f l a g s  were i n  view. The No. I Radio 
Magnetic Ind ica to r  (RMI) w a s  recovered; the No. 1 needle indicated a bearing 
of 178' and the No. 2 needle, a  bearing of 133'. The compass card indicated 
a heading of 351'. The mode s e l e c t o r  was posi t ioned t o  "ADF." 

The cap ta in ' s  f l i g h t  d i r e c t o r  panel mode s e l e c t o r  switch was i n  the 
'manual" pos i t ion .  The f i r s t  o f f i c e r ' s  mode s e l e c t o r  switch was "OFF." 
The au top i lo t  switches were "OFF." 

The cap ta in ' s  and the f i r s t  o f f i c e r ' s  a l t ime te r s  were recovered with 
barometric s e t t i n g s  of 30.05 and 30.04, respect ively;  no meaningful a l t i -  
tude indicat ions  were obtained from e i t h e r  instrument 's  face. The cap ta in ' s  
a l t i m e t e r  appeared t o  be v i r t u a l l y  i n t a c t ,  but  showed evidence of ground 
f i r e  damage. I n  a funct ional  t e s t ,  t h i s  a l t i m e t e r  responded t o  pressure 
changes i n  the "barometric mode," but because of heat  damage t o  the i n t e r n a l  
components, no assessment could be made of the preimpact accuracy o r  oper- 
at ing capab i l i ty  of the instrument i n  the "servo mode." Only the charred 
face  and a por t ion  of the servo u n i t  of the f i r s t  o f f i c e r ' s  a l t ime te r  were 
recovered. 

Information concerning the cap ta in ' s  and f i r s t  o f f i c e r ' s  a i r  data 
computers i s  contained i n  Section 1.15, Tests and Research. 

None of the eyewitnesses near the scene of the accident  reported 
seeing f i r e  while the a i r c r a f t  was i n  f l i g h t ,  o r  hearing sounds o the r  than 
those associa ted  with engine operation. The inves t iga t ion  revealed no 
evidence of i n - f l i g h t  f i r e ,  o r  of s t r u c t u r a l  damage not r e la ted  to  impact 
and ground f i r e .  

The f i r s t  witnesses a t  the crash  s i t e  s t a t e d  tha t  s t ruc tu res  on both 
s ides  of the a i r c r a f t  fuselage were burning, and tha t  white smoke was 
emanating from the f i r e .  They a l s o  s t a t e d  tha t  the f i r e  was very in tense  
around the cen te r  sec t ion of the a i r c r a f t ,  and tha t  th ick  black smoke 
obscured p a r t  of the fuselage.  The o v e r a l l  conf lagra t ion involved the 
a i r c r a f t  a s  wel l  a s  the destroyed dwellings and t h e i r  contents .  

The Chicago F i r e  Department was f i r s t  n o t i f i e d  of the crash a t  1429. 
Five engines, three  truck companies, one he l i cop te r ,  one dry chemical u n i t ,  
and three  ambulances responded immediately. The f i r s t  radio  c a l l s  repor t -  
ing tha t  u n i t s  were "on the scene" were made a t  1431 and 1432. Additional 
alarms were s t ruck  a t  1437 and 1449. 

The f i r e  was put out  almost e n t i r e l y  with water; 20 gallons of foam 
were used i n  the r e a r  se rv ice  door area.  The main f i r e  was control led  
wi th in  20 t o  30 minutes a f t e r  the f i r e  f igh t ing  equipment ar r ived a t  the 
scene. Smoke, hea t ,  and small "flareups" continued f o r  more than 3 hours 
a f t e r  the crash. 



1.14 Survival  Aspects 

The f i r s t  sounds of impact were recorded about 1 second before the 
end of the CVR recording. The a i r c r a f t  e i t h e r  damaged o r  destroyed 
severa l  houses before coming t o  r e s t  across  the foundation of one of them. 
Except f o r  the a f t  por t ion  of the coach sect ion,  the empennage, and the 
l e f t  s i d e  of the cockpit ,  the fuselage was destroyed by impact and f i r e .  
Therefore, the analys is  of the conditions i n  the cabin and the re la ted  
survival  aspects ,  immediately a f t e r  impact, i s  based on survivor observa- 
t ions.  

The only survivor i n  the fuselage sect ion forward of the wing was 
the f i r s t - c l a s s  f l i g h t  a t tendant  who occupied the af t - fac ing jumpseat 
adjacent t o  the l e f t  forward ent ry  door. She was ser ious ly  injured when 
her  s e a t  collapsed and she was trapped by debr is  from the a i r c r a f t  and the 
house. She was freed from the wreckage a f t e r  an in tens ive  30-minute rescue 
operat ion by Chicago F i r e  Department personnel. No f i r s t - c l a s s  sec t ion 
s e a t s  were recovered i n t a c t .  

There were 17 survivors i n  the coach sec t ion ,  including the 2 uninjured 
f l i g h t  a t tendants  who occupied the jumpseat i n  the r e a r  of the cabin. 
According to  the survivors,  c e i l i n g  panels and h a t  racks with t h e i r  contents  
f e l l  on the passengers and i n  the a i s l e  of the coach sec t ion  during the 
impact sequence; s e a t s  dislodged from approximately row 12 t o  15, a s  well  
a s  o the r  debr is ,  obstructed the a i s l e .  A survivor who was seated i n  the 
center  cabin sect ion reported tha t  there was no f loor  s t r u c t u r e  under h i s  
s e a t .  He released h i s  s e a t b e l t  and exi ted  through the cargo compartment 
and a break i n  the fuselage. Another survivor s t a t e d  tha t  he "had the f e e l -  
ing tha t  there were people moving underneath" him as he t r i e d  to  f ind  an 
ex i t .  A female survivor reported tha t  "people were scrambling over the 
s e a t  tops and I was kicked and my hand was stepped on." 

Survivors reported tha t  a l l  cabin l i g h t s  went out  a f t e r  the impact, 
and tha t  no l i g h t s  were v i s i b l e  during the evacuation. Six  survivors 
escaped through breaks i n  the fuselage. Nine passengers who exi ted  through 
the r e a r  service  door were a s s i s t e d  by the two f l i g h t  a t tendants ;  these 
a t tendants  were the l a s t  t o  leave the a i r c r a f t .  

The l e f t  s i d e  of the cockpit  and the l e f t  forward ent ry  door a rea  
were r e l a t i v e l y  i n t a c t .  The cap ta in ' s  s e a t  was i n t a c t  and sustained only 
minor f i r e  damage. The f l o o r  attachments fo r  t h i s  s e a t  were i n  place;  the 
4-point s e a t b e l t  and shoulder harness re lease  mechanism was found unlocked 
and operable. Shoulder harness s t r a p s  were found re t rac ted  i n  the i n e r t i a l  
r e e l  without s igns  of scorching o r  discolorat ion.  

The f i r s t  and second o f f i c e r s '  s e a t s  were destroyed by impact and 
f i r e .  The f i r s t  o f f i c e r ' s  shoulder harness s t r a p s  were found re t rac ted  
ins ide  the i n e r t i a l  r e e l  and showed no thermal damage. 

I n j u r i e s  sustained by the survivors included f rac tu res  of the vertebrae,  
pe lv i s ,  and ext remit ies ,  a s  well  a s  f i rs t -degree  burns. Lack of s p e c i f i c  



data  regarding the i n j u r i e s  sustained by nonsurviving passengers precluded 
the determination of impact-associated in jury  pat terns  and the e f f e c t  of 
i n j u r i e s  on the a b i l i t y  to  escape. To the extent  tha t  the preimpact s e a t  
locat ion of the surviving passengers could be es tabl ished,  no d i s t i n c t  
su rv ivab i l i ty  pa t t e rn  emerged. Elevated carbon monoxide l eve l s  were found 
i n  27 percent of the f a t a l i t i e s  i n  the f i r s t - c l a s s  sec t ion  and 76 percent 
of the f a t a l i t i e s  i n  the coach sect ion.  Elevated hydrogen cyanide l eve l s  
were found i n  the capta in  and i n  s i x  f a t a l i t i e s  i n  the coach sect ion.  
Carbon monoxide and hydrogen cyanide a re  some of the toxic products of the 
thermal decomposition of such mater ia ls  a s  wool, cot ton,  paper and p las t i c s .*  
According to  expert  testimony during the public hearing,  a study of carbon 
monoxide and cyanide in  victims of house f i r e s  i n  the Ci ty  of Detroi t  
showed the presence of cyanide i n  a l l  victims of carbon monoxide poisoning. 

I n  view of the a l l ega t ions  of foul  play which have been in jec ted  i n t o  
the pub l ic i ty  surrounding t h i s  accident ,  the Safety Board f inds  i t  neces- 
sary to  present  c e r t a i n  aspects  of the trauma experienced by non~urv .~vors  
i n  more d e t a i l  than would normally be reported. 

Four pathologis ts  from the Cook County Coroner's Office prepared b r ie f  
gross descr ip t ions  of the passenger f a t a l i t i e s  and es tabl ished a cause 
of death i n  each case. Although the deaths of most occupants were a t t r i b u t e d  
t o  burns, some of the causes of death mentioned d i f f e r e n t  forms of trauma, 
such a s  "multiple in ju r i es"  and "extreme" and " p a r t i a l  body destruction."  
Several a l s o  contained the statement, "associated with carbon monoxide 
asphyxia;" some of them mentioned cyanide. 

The causes of death of the f i r s t - c l a s s  passengers were described with 
more reference to  v io len t  trauma than those of the coach passengers. I n  
the gross body descr ip t ion of one f i r s t - c l a s s  passenger, the pathologis t  
used the phrase, "disruption of head, torso,  upper and lower ext remit ies  
by burns and apparently some explosive force." The cause of death of t h i s  
person was s t a t e d  as "extensive bums." I n  describing the body of a victim 
who had been seated i n  the rea r  of the coach sect ion,  the same pathologis t  
used the phrase "severe des t ruct ion by b l a s t  and flames" and a t t r i b u t e d  the 
cause of death t o  "blas t  i n j u r i e s  and severe burns, associated with carbon 
monoxide asphyxia." When Board inves t igators  questioned him about the termi- 
nology used i n  these two protocols ,  the pathologis t  emphasized tha t  he had 
found no evidence of e f f e c t s  typica l  of an explosive device o r  charge on 
e i t h e r  victim, and tha t  he had not intended, i n  using tha t  terminology, to 
ind ica te  e i t h e r  the presence o r  the e f f e c t s  of an explosive b l a s t ;  he s t i ced  
tha t  h i s  "was a bad choice of ad jec t ives , "  and that  he had used those terms 
t o  describe i n j u r i e s  caused by high-energy impact. 

* I. N. Einhorn, "Physio-Chemical Study of Smoke Emission by Ai rc ra f t  
Mater ia ls ,  " Federal Aviation ~ d m i n i s t r a  t ion ,  Department of Transportation, 
1972. 



Interviews w i t h  surviving passengers and cabin a t  tendants by personnel 
of the Safety Board and the Federal  Bureau of Investigation revealed no 
evidence of abnormal or  unusual passenger behavior before the impact. It 
should be noted that the coach passenger whose cause of death described by 
the pathologis t  included the words "blas t  i n j u r i e s "  was seated two rows 
ahead of the two uninjured f l i g h t  attendants and directly ahead of two 
surviving passengers . 

The captain sus ta ined a f r a c t u r e d  arm, f r ac tu red  r i b s ,  and lacera- 
tions. The cause of his death was attributed t o  "smoke i nha la t ion  with 
carbon monoxide asphyxia  and blood cyanide accumulation." The observations 
associated with the captain's heart have already been described in  
Section 1.2.  

The f i r s t  officer's death was a t t r i b u t e d  t o  "injuries mult ip le  
extreme with severe burns" and other trauma; the cause of the second 
o f f i c e r ' s  death was l i s t e d  as  "extensive burns." The results of t he  
toxicologica l  examinations involving these two crewmembers were negative. 

1.15 Tests and Research 

1.15.1 Automated Radar Terminal Service Data and Derivation of F l igh t  
Profile 

A special group was established to study those aspects of the UA-553 
flight p r o f i l e  that r e l a t ed  to the performance characteristics of the 
Boeing 737 aircraft. The usual sources of data to reconstruct such a pro- 
f i l e  are the indica ted  a i rspeed and a l t i t u d e  traces recorded by the a i r -  
c r a f t ' s  FDR. However, because of a  mechanical malfunction of  the FDR, 
the data were not ava i l ab le .  

Another source of data useful for f l i g h t p a t h  derivation is the FAA 
Automated Radar Terminal Serv ice  (ARTS -111) ins t a l l ed  at the Chicago- 
 are I n t e r n a t i o n a l  Airport. The ARTS-111 system processes the trans- 
ponder beacon return from all a i r c r a f t  within a spec i f i ed  range of t he  
approach control radar s i t e .  The r a w  data from the beacon r e t u r n  consist 
of a z i m u t h  and range referenced to t h e  antenna locat ion ,  as w e l l  as an 
encoded pressure a l t i t u d e  for aircraft equipped with a Mode 'C' transponder. 
These raw data are manipulated i n t o  positional coordinates which are 
di f fe ren t ia ted  with respect t o  the  data r e c e i p t  time to  acquire  a ground 
speed f o r  the target. The positional accuracy of the ARTS-111 data  acqui- 
s i t i o n  system i s  l imited to approximately kÂ in  azimuth and 1/16 mi i n  
range. 

The processing equipment also app l i e s  a correction, based on the  
current  sea l e v e l  barometric pressure, to the raw a l t i t u d e  data  to produce 
a mean sea l e v e l  a l t i t u d e ,  resolved t o  t he  nearest 100-foot level .  The 
received a l t i t u d e  data,  also resolved to 100-foo t increments, are generated 
wi th in  the a i r c r a f t  by an a l t ime t ry  sys tern and, as such, include those 
errors which may be inherent  w i t h i n  that airborne system. In addition, 
the two- s t ep  resolution to 100-foot levels in itself produces a to lerance  
of - + 100 feet t o  displayed a l t i t u d e  data.  The d a t a  thus generated 



a r e  s e l e c t i v e l y  presented on the a i r  t r a f f i c  c o n t r o l l e r ' s  video display.  
I n  add i t ion  t o  the video display ,  the raw data  and ca lcula ted  parameters 
f o r  a l l  received t a r g e t s  a r e  s to red  on a computer-generated magnetic tape. 

UA-553 was tracked by the O'Hare ARTS-111 system from a pos i t ion  
approximately 55 mi southeast  of the antenna s i t e  a t  a computed a l t i t u d e  
of 9,500 f e e t ,  t o  a pos i t ion  15.9 mi from the antenna s i t e  a t  a computed 
a l t i t u d e  of 1,000 f e e t  m.s.1. (380 f e e t  above the ground e levat ion of the 
impact s i t e ) .  The l a t t e r  pos i t ion  was approximately 0.2 mi from the 
geographical coordinates of the impact s i t e .  Since the ARTS-111 system 
requires  a l i n e  of s i g h t  transmission, the l o s s  of a t a r g e t  w i l l  general ly 
occur a s  a r e s u l t  of l i n e  of s i g h t  obstruction.  

The magnetic tape containing the tracking data  of UA-553 was examined 
t o  reconst ruct  the a i r c r a f t ' s  f l i g h t  p r o f i l e  before the crash. Meteoro- 
l o g i c a l  da ta ,  i .e. ,  winds and temperatures were applied t o  the ARTS-111 
pos i t iona l  and a l t i t u d e  data  t o  der ive  ca l ib ra ted  airspeed and v e r t i c a l  
ve loci ty  a s  a function of time. Use of the ARTS-ICI raw pos i t iona l  da ta  
t o  c a l c u l a t e  a i rspeed resu l t ed  i n  an e r r a t i c  t r ace  because of the afore- 
mentioned pos i t iona l  to lerances ;  therefore,  i t  was necessary t o  smooth 
these data. The a f t e r - the - fac t  smoothing technique d i f fe red  from tha t  used 
i n  the ARTS-111 ground speed manipulation i n  tha t  fu tu re ,  a s  well  a s  pas t ,  
da ta  points  could be considered. The r e s u l t  was an est imate of ac tua l  
value which did  not  include the l a g  inherent  i n  the ARTS-111 calcula t ion.  

A spec ia l  t e s t  was then conducted t o  determine the v a l i d i t y  of 
r e s u l t s  obtained from such manipulation of the ARTS-111 data. The ARTS-111 
tracking data  obtained f o r  another a i r c r a f t  f ly ing  the same t rack a s  
UA-553 were compared wi th  s i m i l a r  da ta  ext rac ted  from the o the r  a i r c r a f t ' s  
FDR. The airspeed values obtained,  using both methods, corre la ted  con- 
s i s t e n t l y  wi th in  10 knots. Since the FDR a l t i t u d e  is  obtained from the 
same source a s  the a i r c r a f t  beacon transponder a l t i t u d e ,  i t  was expected 
tha t  the a l t i t u d e  values would c o r r e l a t e  wi th in  the reso lu t ion  and to le r -  
ances inherent  i n  the ARTS-111 system. Such cor re la t ion  was, i n  f a c t ,  
v e r i f i e d  t o  be wi th in  100 fee t .  

The ARTS-111 computations f o r  UA-553 indicated  tha t  the f l i g h t ,  when 
f i r s t  acquired a t  9,500 f e e t  m.s . l . ,  was descending t o  4,000 f e e t  m.s .1 .  
approximately 1,000 f e e t  per  minute ( f t lmin) .  The f l i g h t  remained l e v e l  a t  
4,000 f e e t  f o r  approximately 5 minutes and decelerated during approximately 
the l a s t  3 minutes of t h i s  period from an airspeed of 230 knots t o  about 
180 knots. A t  t h a t  time, the f i n a l  approach descent was i n i t i a t e d  with a 
descent r a t e  of 750 ft/min. About 1% minutes a f t e r  the s t a r t  of t h i s  
descent,  the a i r c r a f t  had decelerated t o  145 knots, and the descent r a t e  
had increased t o  approximately 1,250 f t lmin.  This descent r a t e  was main- 
tained u n t i l  the a i r c r a f t  was over the Kedzie OM where the ARTS-111 data  
showed an a l t i t u d e  of 2,200 f e e t  m.s.1. Af te r  a momentary level -off ,  the 
descent r a t e  increased t o  about 1,550 f t lmin,  which was maintained u n t i l  
the a i r c r a f t  reached 1,100 f e e t  m.s .1 .  and level-off  was i n i t i a t e d .  The 



airspeed a t  level-off  was approximately 120 knots. Level f l i g h t  was main- 
tained f o r  16 seconds before the ARTS-111 system l o s t  the a i r c r a f t ' s  
beacon re turn .  

Logitudinal acce le ra t ion  and v e r t i c a l  ve loci ty  were derived from 
f l i g h t  changes i n  airspeed and a l t i t u d e ,  respectively.  These data  were 
used to  e s t a b l i s h  the most compatible configurat ion and th rus t  combina- 
t ions  f o r  simulation of the f l i g h t  p r o f i l e  i n  the UAL B-737 simulator  and 
subsequent f l i g h t  t e s t s .  

For f u r t h e r  confirmation of the most probable descent configurat ion,  
the CVR t r a n s c r i p t  was time-correlated to  the ARTS-111 derived data  by 
alignment of the ARTS-111 time base with the air lground transmission times 
recorded on the ATC voice tape. The time cor re la t ion  was f u r t h e r  v e r i f i e d  
to  wi th in  3 seconds by comparing the time over the Kedzie OM with the time 
on the ARTS-111 data  when the a i r c r a f t  pos i t ion  corresponded to  the posi- 
t iona l  coordinates of the Kedzie OM. (See Appendix G ,  Approach P r o f i l e  
derived from ARTS-111 and CVR Data.) 

1.15.2 General E l e c t r i c  Engine Sound Spectrogram Study 

A t  the Safety Board's request ,  the General E l e c t r i c  Company conducted 
a sound spectrographic ana lys i s  of the CAM track of the CVR recording to  
determine the presence of frequencies tha t  might be ind ica t ive  of engine 
power s e t t i n g s .  

The CVR tape contained a high-level background noise  which tended to  
mask meaningful frequency data. Through s p e c i a l  f i l t e r i n g  techniques much 
of the noise was a t tenuated,  and some d i s c r e t e  frequencies corresponding 
to  sound generated by a i r c r a f t  equipment became evident .  Frequencies which 
were in te rp re ted  a s  c h a r a c t e r i s t i c  of engine r o t a t i o n  sounds generated by 
the f i r s t  and second s tage  r o t o r s  of the low pressure compressor (N1 blade 
passing frequencies) were d i sce rn ib le  f o r  c e r t a i n  increments of time. The 
r e s u l t s  of the comparison of these frequency values with the c h a r a c t e r i s t i c s  
of the P r a t t  and Whitney JT8D-7 engine by the General E l e c t r i c  Company a r e  
summarized a s  follows: 

Engine sounds were f i r s t  detected a t  1414:36 which corresponded 
with a power s e t t i n g  of 56 percent  N l  f o r  both engines. 

A 1inear;straight l i n e ,  gradual decelera t ion continued u n t i l  
1416:43 when N 1  was a t  52.7 percent .  

A l i n e a r ,  more gradual decelera t ion then continued u n t i l  1419:36 
when N l  was a t  51.2 percent.  

A t  t h i s  point  both engines were accelera ted  t o  63 percent N1. 
The speed of 63 percent was achieved a t  1419:48 approximately. 
One engine had a s l i g h t  overshoot, and the o ther ,  a  s l i g h t  under- 
shoot . 



5. The speed of 63 percent N1 was held u n t i l  1420:55 when i t  was 
reduced t o  61.5 percent ,  with s t a b i l i z a t i o n  of both engines a t  
1421:03. 

6. The engine speeds of 61.5 percent were then maintained u n t i l  
1421:52 when speed was again increased t o  63 percent N1 a f t e r  
a 3-second acce le ra t ion  time, 

7 .  The 63 percent N1 speed was continued u n t i l  approximately 
1423:55 when speed was reduced t o  59.1 percent a f t e r  a decelera- 
t ion  time of approximately 5 seconds. The engines appeared t o  
be a t  s l i g h t l y  d i f f e r e n t  speeds a t  t h a t  time. 

8. The engine speeds then decreased s l i g h t l y  i n  a l i n e a r  fashion,  
with the N1 d i f ference  increasing s l i g h t l y  u n t i l  the f i n a l  
acce le ra t ion  was noted a t  1427:03:35. J u s t  before the accel-  
e ra t ion ,  one engine was a t  58.6 percent N1, and the o ther ,  
a t  57.2 percent Nl. 

9. The sounds of both engines were detected during the accelera-  
t ion;  one engine peaked a t  72 percent Nl a t  1427:07.95; the 
o the r  peaked a t  79.2 percent N l  a t  1427:09.55. 

10. The o v e r a l l  noise l e v e l  of the tape reached a maximum very 
s h o r t l y  a f t e r  the engines reached t h e i r  peak speeds, making 
i n t e r p r e t a t i o n  d i f f i c u l t .  O s c i l l a t i o n s  were noted but  l i t t l e  
can be s a i d  regarding t h e i r  nature except tha t  the i rext remit ies  
d id  not  exceed the equivalent  of 4 percent N1. 

1.15.3 B-737 Performance Study 

The performance of UA-553, based upon the f l igh tpa th  derived from 
ARTS-111 data  and the engine sound spectrogram study, was compared with 
the theore t i ca l  performance c h a r a c t e r i s t i c s  of the B-737. F i r s t ,  the 
a i r c r a f t ' s  drag a s  a function of airspeed was computed f o r  the d i f f e r e n t  
approach configurat ions (combinations of f l ap ,  landing gear,  and s p o i l e r  
pos i t ions)  tha t  could have been used. Next, the various drag values and 
the th rus t  values derived from the General E l e c t r i c  study were used t o  
determine the r e s u l t a n t  forces  ac t ing  on the a i r c r a f t .  These forces ,  i n  
turn ,  were compared with the v e r t i c a l  ve loci ty  and longi tudinal  accelera-  
t ion  values shown i n  the approach p r o f i l e ,  s t a r t i n g  with the descent from 
4,000 f e e t ,  and ending with the a c t i v a t i o n  of the st ickshaker.  

For purposes of t h i s  examination, i t  was assumed tha t  the ARTS-111 
a l t i t u d e  data  offered a more accurate parameter than the ca lcula ted  
a i rspeed t r ace ,  which included the tolerance of ARTS-111 pos i t iona l  
measurements, a s  well  a s  e r r o r s  introduced by inclus ion of estimated wind 
data .  For t h i s  reason, the ca lcula ted  r a t e  of descent was examined with 
the longi tudinal  acce le ra t ion  and airspeed t r ea ted  a s  variables.  To 
provide a p laus ible  s e t  of i n i t i a l  condit ions,  i t  was f u r t h e r  assumed tha t  



the 15' f l a p  extension a t  1423:20, infer red  from CVR sounds, was made a t  the 
placard airspeed of 195 knots indicated airspeed (KIAS), approximately 
10 knots below the airspeed derived from the ARTS-111 data. Subsequent 
changes i n  configurat ion were keyed t o  in t racockpi t  conversation and o the r  
sounds s imi la r  t o  l ever  movements recorded on the CVR. 

I t  was determined from t h i s  study tha t  the p r o f i l e  of the accident  
a i r c r a f t  could be matched c lose ly  with the theore t i ca l  performance capa- 
b i l i t y  of the B-737 f o r  tha t  p a r t  of the approach preceding passage of the 
Kedzie OM. The cor re la t ion  was achieved with the f l a p s  extended 15O, 
landing gear up, and p a r t i a l  f l i g h t  s p o i l e r  extension coincident  with the 
i n i t i a t i o n  of the descent from 4,000 f e e t  a t  1424:lO approximately. The 
theore t i ca l  decelera t ion t o  t h i s  point  would have produced an airspeed of 
157 KIAS. A t  a  750 f t lmin r a t e  of descent, the a i r c r a f t  would have con- 
tinued t o  decelera te  and would have reached an airspeed of 140 KIAS a t  
1425:32; a t  tha t  time an increased r a t e  of descent t o  approximately 
1,250 ft/min would have produced a pos i t ive  accelera t ion.  Recorded cockpit  
sounds ind ica te  tha t  the landing gear was extended a t  1425:50, and tha t  
the f l a p s  were reposit ioned a t  1426:00, although the posi t ion  t o  which the 
f l aps  were extended was not  apparent. The theore t i ca l  airspeed a t  t h i s  
time would have been 152 KIAS. 

The ARTS-111 a l t i t u d e  t r ace  shows tha t  the a i r c r a f t  momentarily 
level led  off  a t  2,200 f e e t  m.s.l., f o r  approximately 12 seconds, which would 
have resul ted  i n  a decay of airspeed t o  126 KIAS. A r a t e  of descent of 
approximately 1,550 f t /min was es tabl ished a s  the a i r c r a f t  passed the ou te r  
marker. This descent r a t e  was maintained u n t i l  the a i r c r a f t  l eve l l ed  off  
about 1,000 f e e t  m.s .1 .  The cor re la t ion  of the CVR with the ARTS-111 data  
ind ica tes  tha t  the s t a l l  warning st ickshaker commenced 6 t o  7 seconds a f t e r  
the a i r c r a f t  l eve l l ed  o f f .  I n  order  theore t i ca l ly  t o  produce such a condi- 
t ion ,  i t  is  necessary t o  assume tha t  the a i r c r a f t  was i n  a configurat ion 
which resu l t ed  i n  s u f f i c i e n t  drag t o  prevent a  high pos i t ive  acce le ra t ion  
during t h i s  f i n a l  descent. I t  was shown i n  t h i s  study tha t  had 30' f l a p s  
been se lec ted  a t  1426:00, and had the s p o i l e r s  been extended t o  the f l i g h t  
de tent  pos i t ion  upon es tab l i sh ing  the 1,550 f t /min descent, the a i r c r a f t  
would have s t a r t e d  t o  l e v e l  of f  a t  MDAapproximately a t  133 KIAS. Any con- 
f igura t ion  producing l e s s  drag would have resul ted  i n  the a i r c r a f t  l e v e l l i n g  
o f f  a t  a  higher airspeed. 

I n  the 30Â f l a p ,  gear down, f l i g h t  de tent  s p o i l e r  configurat ion with 
a combined engine th rus t  of 5,900 pounds, a s  indicated by the engine sound 
spectrogram, the a i r c r a f t  would have decelerated approximately a t  2 knots 
per  second a f t e r  l e v e l l i n g  o f f .  The theore t i ca l  speed f o r  s t ickshaker 
ac t iva t ion  i n  t h i s  configurat ion is 116 KIAS . Without making allowances 
f o r  levell ing-off  technique o r  increase i n  th rus t ,  i t  would have taken 
approximately 8% seconds under these condit ions t o  decelera te  from 133 t o  
116 KIAS. 

Under s imi la r  condit ions,  but with the f l i g h t  s p o i l e i s  r e t rac ted ,  
the decelera t ion r a t e  was computed t o  be 1.1 knots per  second. Based on 



the st ickshaker ac t iva t ion  speed of 105 KIAS, about 25 seconds would have 
elapsed between the a i r c r a f t  level-off  and a c t i v a t i o n  of the st ickshaker.  

1.15.4 Simulator Tests 

Two s e r i e s  of f l i g h t  simulator t e s t s  were conducted t o  compare the 
performance of the B-737 i n  various approach configurat ions with the f l i g h t  
p r o f i l e s  developed from the ARTS-111  data and to  explore the e f f e c t s  of 
d i f f e r e n t  techniques i n  recovering from the approach-to-stall  f l i g h t  regime. 

The f i r s t  t e s t  s e r i e s  was conducted p r i o r  t o  the rece ip t  of the 
engine sound spectrogram f indings;  consequently, a f l i g h t  i d l e  engine 
th rus t  l eve l  during the l a t t e r  port ion of the descent p r o f i l e  was chosen 
f o r  inves t iga t ive  purposes. Engine th rus t  l eve l s  ranging from takeoff 
th rus t  t o  a s  low a s  1.50 EPR were inves t igated  during the recovery phase 
of the p ro f i l e .  

The engine sound spectrogram study demonstrated tha t  th rus t  l eve l s  i n  
excess of f l i g h t  i d l e  were used throughout the f i n a l  moments of the f l i g h t .  
Therefore, a second performance p r o f i l e ,  incorporat ing the th rus t  l eve l s  
derived from the General E l e c t r i c  data ,  was developed and inves t igated  i n  
a second s e r i e s  of s imulator  t e s t s .  The r e s u l t s  of these t e s t s  val idated 
the new performance study. To a t t a i n  a 1,500 f t lmin descent without 
allowing a s i g n i f i c a n t  speed buildup a t  a th rus t  l eve l  corresponding to  
59 percent N1, i t  was necessary to  use the following drag configurat ion:  
3 0  f l aps ,  landing gear down, and f u l l  f l i g h t  s p o i l e r  extension. 

The e f f e c t  of f l i g h t  s p o i l e r  posi t ioning and th rus t  appl ica t ion upon 
the time i n t e r v a l  between the level-off and the ac t iva t ion  of the s t i c k -  
shaker was inves t igated .  The entry configurat ion was established a s  30' 
f l aps ,  landing gear down, f l i g h t  spo i l e r s  i n  detent ,  and the engine th rus t  
l eve l  a t  59 percent N1. With the th rus t  maintained a t  59 percent N l ,  the 
time i n t e r v a l  from level-off  t o  st ickshaker speed ranged from 4 t o  9 
seconds, and the st ickshaker speed varied from 120 t o  124 KIAS. When the 
th rus t  was advanced t o  76 percent N1 a t  level -off ,  o r  when the th rus t  was 
maintained a t  59 percent N1 with the spo i l e r s  stowed p r i o r  t o  level -off ,  
the time i n t e r v a l  from level-off  to  st ickshaker ac t iva t ion  ranged from 20 
seconds t o  25 seconds. 

The f l a p  s e t t i n g ,  s p o i l e r  pos i t ion ,  and engine accelera t ion were 
varied during the f i n a l  phases of severa l  of the t e s t s .  The highest  th rus t  
applied was 76 percent N 1 ;  t h i s  was i n s u f f i c i e n t  e i t h e r  t o  accelera te  the 
a i r c r a f t ,  o r  to  maintain l eve l  f l i g h t ,  under any combination of f l a p s  i n  
excess of 15O and spo i l e r s  more than halfway extended. On three runs the 
f l a p s  were re t rac ted  t o  15' a t  s t ickshaker speed; t h i s  resul ted  i n  the 
immediate onset  of buffet ing.  Extending the f l a p s  t o  40' stopped the 
buffe t ing but not the st ickshaker.  The r e t r a c t i o n  of the spo i l e r s  a t  the 
l a t t e r  f l a p  s e t t i n g  stopped the s t ickshaker ,  even when the r e t r a c t i o n  was 
delayed u n t i l  110 KIAS. 



1.15.5 B-737 F l i g h t  Tests 

F l i g h t  t e s t s  were conducted to  c o r r e l a t e  the a i rspeed,  configurat ion,  
and th rus t  requirements during the descent from 4,000 f e e t ,  previously 
determined from performance and simulator s tud ies ,  and to  inves t iga te ,  i n  
more d e t a i l ,  the f l i g h t  performance c h a r a c t e r i s t i c s  of the B-737 i n  the 
approach-to-stal l  regime. The r e s u l t s  of these t e s t s  were a f fec ted  to  a 
l imi ted  extent  by thermal a c t i v i t y  and wind shear i n  the t e s t  a rea .  

For sa fe ty  considerat ions the f l i g h t  t e s t s  were conducted a t  pressure 
a l t i t u d e s  between 6,000 f e e t  and 8,000 fee t .  Therefore, i t  was necessary 
t o  apply theore t i ca l  correc t ions  t o  the t e s t  condit ions to  make them compa- 
rab le  t o  the accident  conditions. As with the i n i t i a l  s imulator  study, the 
f l i g h t  t e s t s  were a l s o  conducted before the r e s u l t s  of General E l e c t r i c ' s  
engine speed study were avai lable .  

The f l i g h t  t e s t  f indings provided s u f f i c i e n t  da ta  t o  subs tan t i a te  the 
v a l i d i t y  of the theore t i ca l  analyses described i n  1.15.3. To examine the 
apparent f l i g h t  p r o f i l e  from ou te r  marker passage u n t i l  level-off  a t  the 
MDA, a 1,500 f t /min descent was es tabl ished i n  the 30' f l ap ,  gear down 
configurat ion with s p o i l e r s  extended t o  the f l i g h t  de tent  pos i t ion  (maximum 
in - f l igh t  extens ion) ,  and th rus t  equivalent  to  55 percent  N 1 .  A t  the 
ex i s t ing  temperature and a l t i t u d e  condit ions,  t h i s  power s e t t i n g  would 
theore t i ca l ly  produce a combined engine th rus t  of approximately 3,760 pounds. 
A t  an indicated airspeed of 135 knots (147 KTAS), a decelera t ion of 0.57 
knot per  second was evident. Using the B-737 c e r t i f i c a t i o n  drag data ,  a  
theore t i ca l  value of 0.66 knot per  second was ca lcula ted  f o r  these condit ions.  

Tests r e l a t i n g  to  st ickshaker and s t a l l  entry speeds were conducted 
from a l eve l ,  f l i g h t  i d l e  th rus t  condit ion with 30' f l a p s  and landing gear 
down; the f l i g h t  s p o i l e r  pos i t ion  was varied. With the f l i g h t  s p o i l e r s  
stowed, the s t ickshaker  ac t iva ted  a t  108 knots and s t a l l  buf fe t ing  occurred 
a t  104 knots. With f l i g h t  s p o i l e r s  halfway extended, s t ickshaker ac t iva -  
t i o n  occurred a t  113 knots and s t a l l  buf fe t ing  a t  108 knots. I n  both con- 
f igura t ions ,  s t a l l  buffe t ing was experienced wi th in  4 seconds of s t ickshaker 
ac t ivat ion.  

Maintenance of l e v e l  f l i g h t  a t  an a l t i t u d e  of 8,000 f e e t  and an a i r -  
speed l e s s  than the s t ickshaker  a c t i v a t i o n  speed, with 3 0  f l a p s ,  landing 
gear down, and f l i g h t  s p o i l e r s  stowed, required an- engine power s e t t i n g  of 
1.62 EPR. The combined th rus t  produced a t  t h i s  power s e t t i n g  would, 
theore t i ca l ly ,  be approximately 12,980 pounds. This value was s imi la r  t o  
the value extrapolated from c e r t i f i c a t i o n  t e s t  da ta  which ind ica te  a 
required th rus t  of 12,500 pounds 'for these same conditions. 

Another s e r i e s  of t e s t s  w a s  designed t o  examine the e f f e c t  of con- 
f igura t ion  changes and th rus t  appl ica t ion on recovery from the s t a l l  
regime. Deceleration t o  s t ickshaker  speed was accomplished from botK level-- 
and descending f l i g h t  with the engines a t  i d l e  thrus t .  The ent ry  configura- 
t ions  were es tabl ished as :  30' f l aps ,  landing gear down, and with the 
f l i g h t  s p o i l e r s  i n  the stowed, halfway extended, and f l i g h t  de tent  pos i t ions .  



Recovery techniques consisted of power appl ica t ion to  between 1.7 and 
1 .8  EPR (approximately 8,500 pounds of th rus t  per engine), reduction of the 
p i t ch  a t t i t u d e  t o  an approximately l e v e l  a t t i t u d e ,  and reposi t ioning of the 
wing f l a p s  a s  a t e s t  var iable ,  i .e . ,  e i t h e r  r e t rac ted  to  15O o r  extended t o  
4 0  a t  the i n i t i a t i o n  of the recovery. Spoi lers  were l e f t  i n  t h e i r  o r i -  
g ina l ly  se lec ted  posi t ion .  I n  a l l  cases,  recovery was ef fec ted  with power 
appl ica t ion and a simultaneous decrease i n  p i t ch  a t t i t u d e .  The p i t ch  a t t i -  
tude a t  the onset  of s t ickshaker  ac t iva t ion  was cons i s t en t ly  near 1 2 ,  a s  
shown on the c a p t a i n ' s  a t t i t u d e  indicator .  The s t a b i l i z e r  t r i m  correspond- 
ing t o  t h i s  pos i t ion  was seven u n i t s  noseup. T r i m  was not  changed during 
the recovery sequence. A l o s s  of a l t i t u d e  of 150 to  500 f e e t  occurred 
during a l l  recoveries.  The loss  of a l t i t u d e  when the f l a p s  were re t rac ted  
to  15 was g rea te r  than tha t  experienced when the f l a p s  were l e f t  a t  30' o r  
extended t o  40'. Notwithstanding the d i f ferences  i n  s  tickshaker a c t i v a t i o n  
speed, the d i f ferences  i n  f l i g h t  s p o i l e r  pos i t ions  upon ent ry  i n t o  s t a l l  
buf fe t ing  appeared t o  have l i t t l e  e f f e c t  on the l o s s  of a l t i t u d e  consis tent  
with the recovery technique. 

1.15.6 Centra l  A i r  Data Computer (CADC) Examination 

Elect ronic  measurement of the f i n e  a l t i t u d e  synchro i n  the a l t i t u d e  
module of the c a p t a i n ' s  CADCshowed a phase angle of 46.95 which corres-  
ponded t o  a pressure a l t i t u d e  of 652 f e e t .  This a l t i t u d e ,  corrected t o  
the l o c a l  barometric pressure (30.05 inches) a t  the time of the accident ,  
was equivalent  t o  an a l t ime te r  reading of 772 f e e t  m . s . 1 .  A s i m i l a r  
measurement of the f i r s t  o f f i c e r ' s  CADC f i n e  a l t i t u d e  synchro showed a 
phase of 43.08' which corresponded t o  a pressure a l t i t u d e  of 598 f e e t  and 
t o  a corrected a l t i m e t e r  reading of 718 f e e t  m.s.1. 

A funct ional  t e s t  of the cap ta in ' s  CADC showed normal operat ion 
throughout i t s  operat ing range; no out-of-tolerance condit ion was observed. 
A t e s t  of the f i r s t  o f f i c e r ' s  CADC a l s o  showed s a t i s f a c t o r y  operat ion;  
however, the a l t i t u d e  readings were cons i s t en t ly  40 f e e t  low throughout i t s  
operat ing range. A t e s t  was conducted i n  which an undamaged CADC u n i t  was 
exposed t o  h e a t ;  a  heat-induced a l t i t u d e  e r r o r  was noted s i m i l a r  t o  t h a t  
found i n  the f i r s t  o f f i c e r ' s  CADC. 

1.15.7 Description of B-737 Ice  Protec t ion Systems and C e r t i f i c a t i o n  

Ice  protec t ion systems i n  the B-737 include wing an t i - i c ing ,  engine 
i n l e t  an t i - i c ing ,  P i t o t  s t a t i c  heat ,  and windshield heat.  The wing a n t i -  
i c i n g  and the engine an t i - i c ing  systems both cons i s t  of ducted bleed-air  
providing protec t ion t o  the leading edge s l a t s ,  the cowl leading edge, the 
i n l e t  guide vanes, nose dome, and engine i n l e t  pressure sensing (PT2) probe. 
The P i t o t  s t a t i c  tube, s t a l l  warning sensor,  t o t a l  temperature probe, and 
windshields a r e  e l e c t r i c a l l y  heated. Like the B-707 and B-727, the B-737 
has no provision f o r  inboard wing leading edge o r  empennage ant i - ic ing.  

During c e r t i f i c a t i o n  of the B-737, i t  was-.'shown tha t  the a i r c r a f t ' s  
i c e  protec t ion systems were capable of preventing i c e  formation on the 



heated surfaces  under condit ions of maximum continuous and in te rmi t t en t  
i c i n g  speci f ied  i n  P a r t  25 of the Federal  Aviation Regulations (FAR) when 
engine speed i s  maintained above 55 percent Nl. 

The JT8D engine was c e r t i f i c a t e d  i n  accordance with Par t  33 of the 
FAR. I t  was demonstrated during the c e r t i f i c a t i o n  program tha t  the engine 
would perform i n  the i c ing  environment as required by the regulat ions.  

The Boeing Company performed an analys is  t o  determine the engine 
power required to  provide s u f f i c i e n t  heat  t o  the engine cowl and nose dome 
to  prevent i c e  accumulation under the meteorological condit ions e x i s t i n g  
a t  the time of the accident .  The analys is  indicated tha t  the heat  provided 
t o  the engine an t i - i ce  system a t  i d l e  power would have been s u f f i c i e n t  t o  
maintain the cowl leading edge surfaces  and nose dome f r e e  of i ce .  Although 
a small amount of runback i c e  could have formed a f t  of the heated leading 
edge surfaces  of the cowl, the maximum accumulation during the approach 
period would have produced neg l ig ib le  e f f e c t s  on engine operat ion.  

1.16 United A i r  Lines F l i g h t  Crew Procedures 

Cer ta in  procedures l i s t e d  i n  the company's F l i g h t  Operations Manual 
and F l i g h t  Handbook were pe r t inen t  t o  the f i n a l  por t ion  of the f l i g h t .  

The Nonprecision Approach and Missed Approach Procedure (MAP) p r o f i l e  
i n  the F l i g h t  Proficiency sect ion of the F l igh t  Manual (see Appendix H) 
showed tha t  the f i n a l  descent check was to  be accomplished before the f i n a l  
approach f i x  (FAF) was reached. The p r o f i l e  a l s o  indicated  tha t  the recom- 
mended descent r a t e  from the FAF was approximately 1,000 f t lmin,  and tha t  
the a i r c r a f t  was to be placed i n  the approach configurat ion before reaching 
the FAF. 

Per t inen t  e x t r a c t s  from the f l i g h t  manual a r e  quoted, i n  p a r t ,  a s  
follows: 

Jf 

"Missed Approaches Â 

A s  the missed approach i s  i n i t i a t e d ,  the p i l o t  should advance the 
t h r o t t l e s  and r o t a t e  to  the go-around a t t i t u d e  (approximately 1 5 ) ,  
simultaneously c a l l i n g  f o r  takeoff th rus t  and f l a p s  t o  the missed 
approach se t t ing .  

'Approaches to  S t a l l s  

A t  f i r s t  warning of impending s t a l l  advance the t h r o t t l e s  and lower 
the nose, simultaneously c a l l i n g  f o r  takeoff, th rus t  andbflaps t o  
the recovery s e t t i n g ;  gear up a t  f i r s t  ind ica t ion  of pos i t ive  r a t e  
of climb. 

"Approach Descent . 
>Ã 

Afte r  completion of the F i n a l  Descent Check L i s t ,  the Captain w i l l  
announce the t a r g e t  approach speed. Whenthe a i r p l a n e  i s  1,000 f e e t  



above f i e l d  e levat ion,  the F/0 w i l l  crosscheck the f l i g h t  instruments 
and announce: 1,000 f e e t  above f i e l d  e levat ion,  f l i g h t  instruments 
check. 

' A t  500 f e e t  above f i e l d  e levat ion a s  determined by barometric 
a l t i m e t e r ,  the F/O w i l l  announce: 500 f e e t  above f i e l d  elevation.  
S t a r t i n g  a t  500 f e e t  above f i e l d  e levat ion and a t  approximately each 
100 f e e t  increment, he w i l l  c a l l  out  only displacement o r  deviat ion 
e r r o r s  a s  pe r t inen t .  ... A t  approximately 100 f e e t  above minimum 
a l t i t u d e  by use of the barometric a l t i m e t e r ,  he w i l l  announce: 
approaching Minimums. A t  minimum a l t i t u d e  by use of the barometric 
a l t ime te r  (Radio Alt imeter  f o r  CAT-11 approach), he w i l l  announce: 
Minimums ... I f  the Captain executes a missed approach, he w i l l  
announce: Going Around. 

"Use of Anti-ice Equipment 

It is  d i f f i c u l t  t o  s p e c i f i c a l l y  def ine  when.to use (or  not  use) a n t i -  
i c i n g  and t o  e s t a b l i s h  any appropriate s e t  technique. The following 
represent  general  guides on operation: (When i n  doubt, use i t ) .  

' I n  i c i n g  condit ions,  maintain engine RPM above approximately 
55 percent N1 f o r  s a t i s f a c t o r y  ant i - ic ing.  

' I f  i c e  does form on the engine i n l e t ,  disturbance of the a i r f low 
can produce engine surging, high E G T ' s ,  flameout, e t c .  With even a 
small amount of i c e  present ,  turning on Engine Anti-Ice w i l l  cause the 
melting i c e  to  go through the engine and may cause v io len t  engine 
surging a t  i n t e r v a l s  of one t o  two minutes. Thro t t l e  adjustments 
should be slow and d e l i b e r a t e  t o  avoid exposure to  engine flame-out." 

2. ANALYSIS AND CONCLUSIONS 

2 .1  Analysis - 
The crewmembers were properly c e r t i f i c a t e d  and qual i f ied  f o r  the 

f l i g h t .  There was no evidence of any medical condit ion t h a t  would have 
incapacitated the crew, o r  of any in te r fe rence  with the crew i n  the per- 
formance of t h e i r  duties;'nor did the Safety Board's inves t igat ion reveal  
any evidence of sabotage o r  foul  play i n  connection with t h i s  accident .  The 
nature and sever i ty  of the i n j u r i e s  sustained by the nonsurviving occupants 
was consis tent  with the nature of the impact and the combined des t ruct ion 
of the a i r c r a f t  and the houses. The f inding of elevated l eve l s  of carbon 
monoxide and cyanide i n  some of the vict ims was cons i s t en t  with death due 
to  smoke inhala t ion i n  the condit ions e x i s t i n g  during the postcrash f i r e .  

Q 

The a i r c r a f t  was c e r t i f i c a t e d ,  maintained, and equipped i n  accordance 
with FAA regulat ions.  The a i r c r a f t  weight and e . g .  were both wi th in  l i m i t s  
speci f ied  f o r  the intended landing a t  Midway. There was no evidence of any 



f a i l u r e  o r  malfunction of the a i r c r a f t  s t r u c t u r e ,  powerplants, o r  control  
system before impact. 

Both CADC u n i t s  were capable of normal operat ion,  but t h e i r  a l t i t u d e  
synchros, a s  recovered, showed an a l t i t u d e  higher than tha t  of the crash- 
s i t e .  The a l t i t u d e  d i f ferences ,  which could have been transmitted from the  
CADC u n i t s  to  the cap ta in ' s  and f i r s t  o f f i c e r ' s  servo a l t ime te r s ,  were 
157 f e e t  and 103 f e e t ,  respectively.  

The two CADC u n i t s  a r e  connected t o  s t a t i c  sources located on inde- 
pendent P i t o t f s t a t i c  probes which have no common connections. The same 
probes contain independent s t a t i c  sources f o r  the airspeed indicators .  A 
s t a t i c  source e r r o r  equivalent  t o  an a l t i t u d e  e r r o r  of 100 f e e t  could 
produce a 10-knot airspeed ind ica to r  e r r o r  i n  the same d i rec t ion ,  i . e . ,  i f  
the a i r c r a f t  is  higher than the a l t ime te r  ind ica tes ,  the airspeed ind ica to r  
w i l l  show a speed tha t  i s  higher than the a i r c r a f t ' s  a c t u a l  airspeed. 

Several sources f o r  common e r r o r s  i n  the two independent systems were 
considered. One was i c e ,  which could have accumulated on the P i t o t f s t a t i c  
probes. However, s ince  both probe heat  switches were found i n  the "ON" 
pos i t ion ,  and s ince  examination of the filaments of the probe head indica- 
t ing  l i g h t s  showed tha t  probe heat  was energized a t  the time of impact, i t  
is  unl ikely  tha t  probe i c i n g  was the source of e r r o r  i n  t h i s  case. Another 
source of e r r o r  could have been the e f f e c t  of the a i r c r a f t ' s  extreme nose- 
high a t t i t u d e  during the f i n a l  moments of f l i g h t .  According t o  The Boeing 
Company's f l i g h t  t e s t  da ta ,  p i t ch  angles within the s t a l l  buffe t ing region 
can produce s t a t i c  system e r r o r s  tha t  r e s u l t  i n  a l t ime te r  readings 60 f e e t  
higher than the ac tua l  a l t i t u d e .  Also, i f  e l e c t r i c a l  power t o  the CADC was 
in ter rupted while the a i r c r a f t  was i n  a nose-high a t t i t u d e  a t  impact, the 
P i t o t f s t a t i c  sensing por t s  could have been 20 f e e t  o r  more above the eleva- 
t ion  of the crash s i t e .  Additional e r r o r s  inherent  i n  the reported baro- 
metric pressure correc t ion a t  the time of impact could account f o r  s t i l l  
another 15 t o  20 fee t .  Since i t  i s  possible,  as  shown above, t o  account 
f o r  a s i g n i f i c a n t  por t ion  of the d i f ference  between impact e levat ion and 
the CADC a l t i t u d e  computations a t  the time of power in te r rup t ion ,  the 
Safety Board concludes tha t  the s t a t i c  system e r r o r s  r e f l ec ted  i n  the CADC 
readings a t  impact do not  have a bearing on the events tha t  occurred a t  MDA. 

The f l i g h t ' s  progress was rout ine  u n t i l  a r r i v a l  i n  the Chicago area  
and the s t a r t  of the approach descent. Although an approach clearance was 
not issued t o  UA-553 i n  accordance with the applicable ATC procedures, the 
radio and cockpit conversations, and the subsequent events leave no doubt 
tha t  the c o n t r o l l e r  and the crew understood tha t  the f l i g h t  was cleared f o r  
the approach. 

The approach c o n t r o l l e r  requested a speed reduction t o  180 knots when 
the a i r c r a f t  was approximately 15 mi from Midwa Airpor t ,  i n  l e v e l  f l i g h t ,  

a t  4,000 f e e t ,  and a t  an airspeed of approximately 230 knots. Eighty 
seconds l a t e r  the c o n t r o l l e r  requested a fu r the r  reduction i n  airspeed t o  
160 knots. Immediately the rea f te r ,  the CVR ind ica tes  a sound believed t o  
have been made a s  the f l a p  l ever  was moved t o  the 15' pos i t ion .  Although 



the ARTS-111 data  showed an airspeed i n  excess of 200 knots a t  tha t  time, 
i t  is  more l i k e l y  tha t  15' f l a p s  were se lec ted  a t  o r  below the f l a p  l i m i t  
speed of 195 knots, a s  the a i r c r a f t  was decelerat ing.  The engine power 
s e t t i n g  remained a t  approximately 63 percent N during tha t  time period. 1 
When the c o n t r o l l e r  advised the f l i g h t  t o  slow to  approach speed, 106 
seconds a f t e r  he issued h i s  f i r s t  speed advisory, the a i r c r a f t ' s  speed was 
s t i l l  i n  excess of 180 knots. The decelera t ion r a t e  f o r  t h a t  e n t i r e  period 
was l e s s  than the a i r c r a f t ' s  decelera t ion capab i l i ty ,  provided the th rus t  
had been reduced and the f l i g h t  spo i l e r s  extended. 

The approach c o n t r o l l e r  t r i e d  t o  maintain adequate separat ion between 
UA-553 and the preceding Aero Commander by requesting the airspeed adjus t -  
ments. These speed advisor ies  were within the scope of proper a i r  t r a f f i c  
procedures, s ince  the function of ATC is  t o  e f f e c t  adequate separat ion a s  
wel l  a s  expeditious flow of t r a f f i c .  The f l ightcrew acknowledged the 
advisor ies  but did not comment on them i n  cockpit conversation. I f  a 
p i l o t  has any problems i n  complying with ATC advisor ies ,  he can use h i s  
prerogative t o  abandon the approach a t  any point ,  o r  t o  ask f o r  an a l t e r -  
na t ive  course of ac t ion.  

When the tower c o n t r o l l e r  could not  make Runway 31L ava i l ab le  to  the 
f l i g h t  by d ive r t ing  the Aero Commander t o  land on Runway 31R, he issued a 
missed approach clearance t o  UA-553. The f a c t  tha t  the onset of the s t i c k -  
shaker ac t iva t ion  coincided'with the f i r s t  word of the missed approach 
clearance indicates  tha t  t h i s  clearance had no bearing on the events a t  MDA. 

I n  view of the above circumstances, the Board concludes tha t  ATC was 
not a f ac to r  i n  t h i s  accident. 

A t  1423:20, the c o n t r o l l e r  cleared UA-553 t o  descend to  2,000 f e e t .  
Although the f i r s t  o f f i c e r  acknowledged leaving 4,000 f e e t  immediately 
a f t e r  r ece ip t  of the descent clearance,  the evidence shows tha t  the 
a i r c r a f t  continued t o  decelera te  i n  l eve l  f l i g h t ,  and tha t  the N 1  speed 
was not reduced u n t i l  about 35 seconds l a t e r .  The performance s tud ies  and 
simulator  t e s t s  show t h a t  the f l i g h t  spo i l e r s  were probably p a r t i a l l y  
extended a t  t h i s  time. The a i r c r a f t  departed 4,000 f e e t  about 1424:15 when 
a r a t e  of descent of approximately 750 f t lmin was established.  The perform- 
ance study ind ica tes  tha t  the descent was i n i t i a t e d  a t  an airspeed of 
approximately 155 knots. 

The reason fo r  the crew's r e l a t i v e l y  slow response t o  ATC advisor ies  
appears t o  be t h e i r  unawareness of the exact d is tance  t o  the Kedzie OM. 
There was no DUE associated with t h i s  approach; and the crew did  not request ,  
o r  receive, d is tance  advisor ies  from the approach con t ro l l e r .  Another 
method f o r  the crew t o  determine t h e i r  pos i t ion  on the l o c a l i z e r  with regard 
t o  the OM was the use of the Calumet in te r sec t ion ,  a s  depicted on the 
per t inent  approach char t .  The dis tance  from Calumet t o  the Kedzie OM i s  
6.9 nmi. However, there i s  no d i r e c t  o r  i n d i r e c t  reference t o  the use of 
the Calumet i n t e r s e c t i o n  recorded on the CVR. The conversation from the 
time of level-off a t  4,000 f e e t  u n t i l  the a i r c r a f t  passed the Calumet i n t e r -  
sec t ion deals  mainly with the inoperat ive s t a t u s  of the FDR and means t o  
t roubleshoot  i t .  



That the crew was unaware of Kedzie's proximity i s  a l s o  evident i n  
the unhurried manner i n  which the descent t o  Kedzie was executed. CVR and 
performance data  ind ica te  tha t  the descent from 4,000 f e e t  was s t a r t e d  with 
the landing f l aps  extended t o  15' and with th rus t  equivalent  t o  59.1 percent 
N l  engine speed. The 750 f t lmin  r a t e  of descent was increased t o  between 
1,050 and 1,250 f t lmin about 1% minutes l a t e r  when the f l i g h t  reported 
"We're out  of three  f o r  two." When the c o n t r o l l e r  responded t h a t  the f l i g h t  
was number two on the approach, the capta in  ca l l ed  f o r  the landing gear t o  
be lowered. Shor t ly  the rea f te r ,  the f l a p  l ever  was manipulated; performance 
and simulator  s tud ies  ind ica te  tha t  the f l a p s  were probably extended t o  
30' a t  t h a t  time. The increased l i f t ,  a s  the f l a p s  extended, caused a 
momentary level-off  a t  2,200 f e e t ,  which should have resul ted  i n  an airspeed 
decay from approximately 150 t o  130 knots. The t h r o t t l e  pos i t ion  remained 
constant  with engine power a t  58 t o  59 percent Nl. 

The cumulative e f f e c t  of the  crew's apparent f a i l u r e  t o  a s c e r t a i n  
t h e i r  pos i t ion  on the l o c a l i z e r  course was tha t  the f l i g h t  crossed the Kedzie 
OM a t  about 2,200 f e e t  m.s.l., 700 f e e t  above the published minimum crossing 
a l t i t u d e .  The Kedzie beacon s igna l  may have been the crew's f i r s t  pos i t ive  
indicat ion of t h e i r  inbound posi t ion .  A t  t ha t  time, the a i r c r a f t ' s  d is tance  
from Runway 31L was 3.3 mi which was equivalent  t o  1 minute 39 seconds 
f ly ing  time a t  an average ground speed of 120 knots. When he recognized 
the s i t u a t i o n  tha t  was developing, the capta in  increased the r a t e  of descent 
to  approximately 1,550 f t lmin and immediately ca l l ed  f o r  the f i n a l  descent 
check. The company's nonprecision approach p r o f i l e  indicated tha t  t h i s  
check l i s t  was t o  be completed before crossing the OM. Testimony by company 
f l i g h t  management personnel a t  the public hearing indicated  t h a t  t h i s  pro- 
cedure was not mandatory i n  a nonprecision approach and tha t  i t  depended 
primari ly on the d is tance  between the f i n a l  approach f i x  (OM) and the 
runway. Considering the shor t  d is tance  between Kedzie and Runway 31L, the 
captain's delay i n  c a l l i n g  f o r  the f i n a l  descent check does not appear to  be 
a preplanned course of ac t ion  on h i s  par t .  The r e s u l t i n g  increase  i n  the 
cockpit workload and disrupt ion of crew coordination during the most 
c r i t i c a l  phase of the approach turned out  t o  be key elements i n  the develop- 
ment of the accident sequence. 

The absence of FDR information, the imprecision of the ARTS-111 da ta ,  
and the high ambient noise l e v e l  of the CVR recording preclude a precise  
determination of the nature and tempo of events during the 61 seconds from 
the c a l l  f o r  the f i n a l  descent check u n t i l  impact. However, c e r t a i n  events 
and f l igh tpa th  parameters can be iden t i f i ed .  The ARTS-111 data  ind ica te  
tha t  the approximately 1,550 f t lmin  descent was maintained u n t i l  the a i r -  
c r a f t  reached an a l t i t u d e  between 1,000 and 1,100 f e e t  m.s.1. The data  
fu r the r  ind ica te  tha t  there  was no gradual reduction i n  descent r a t e  s ince  
the transponder re turns  received by the ARTS-111 system on successive 
antenna sweeps p r i o r  t o  the level-off  were 1,300, 1,100, and 1,000 f e e t .  
Considering the system resolut ion of + 50 f e e t ,  the s igni f icance  of the 
200-foot increment is  tha t  a minimum of 100 f e e t  of a l t i t u d e  change was 
recorded during the nominal 4 seconds between antenna re turns .  This implies 
tha t  the a i r c r a f t  s t i l l  had a descent r a t e  of a t  l e a s t  1,500 f t lmin  wi th in  



4 seconds of reaching level-off  a l t i t u d e .  The 1,500 f t lmin descent from 
the ou te r  marker t o  the MIA was i n  excess of tha t  recommended i n  the 
company's operat ions manual. 

The indicated a i rspeeds  derived from the ARTS-111 data  showed a 
gradual decelera t ion during t h i s  descent, with level-off  being i n i t i a t e d  
approximately a t  120 knots. The theore t i ca l  performance of the B-737 con- 
f l i c t s  somewhat with t h i s  evidence. The CVR sound spectrogram study showed 
tha t  the power remained a t  58 percent t o  59 percent Nl  throughout the 
descent. With the th rus t  produced under the ex i s t ing  condit ions,  a  1,550 
f t lmin descent can be achieved i n  a high-drag configurat ion,  but the s t a -  
b i l i z e d  airspeed w i l l  be i n  excess of 130 knots. The performance study 
indicated tha t  had 30' f l a p s  been se lec ted  a t  1426:OO and had the spo i l e r s  
been extended t o  the f l i g h t  de tent  pos i t ion  upon es tab l i sh ing  the 1,550 
f t lmin descent, level-off would have been i n i t i a t e d  approximately a t  
133 knots. Any configurat ion producing l e s s  drag would have resul ted  i n  a 
higher level-off  airspeed,  which would have been l e s s  compatible with the 
subsequent events. The a i r c r a f t ' s  performance corresponding t o  t h i s  th rus t  
and drag configurat ion was validated by the B-737 simulator t e s t s .  There- 
fore ,  the Safety Board concludes tha t  level-off  airspeed was c lose r  t o  the 
theore t i ca l  value and tha t  the f i n a l  descent was accomplished i n  a 30' f l ap ,  
landing-gear-down configurat ion with the s p o i l e r s  extended to  the f l i g h t  
de tent  pos i t ion .  

The f i r s t  and second o f f i c e r s  did not complete the check l i s t  u n t i l  
the capta in  had leveled off  approximately a t  1,000 f e e t .  A s  a  r e s u l t ,  the 
f i r s t  o f f i c e r  did not make any of the required a l t i t u d e  c a l l o u t s ,  nor does 
i t  appear tha t  he was monitoring airspeed and r a t e  of descent. I n  regard 
t o  h i s  check l i s t  response tha t  the spo i l e r s  were "armed," i t  is  noted tha t  
the green "armed" l i g h t  i s  i l luminated whenever the s p o i l e r  lever  is  moved 
out  of i t s  forward "stowed" posi t ion  and placed i n  the  "armed" detent  
( spo i l e r s  r e t rac ted  and the system ready f o r  automatic deployment upon 
landing) o r  i n  any posi t ion  a f t  of tha t ,  including the " f l igh t "  detent  
(maximum i n - f l i g h t  'deployment). Since the f l i g h t  spo i l e r s  af fec ted  the 
a i r c r a f t ' s  performance and were needed t o  expedite the descent, the f i r s t  
o f f i c e r  probably would not  have re t rac ted  them on h i s  own i n i t i a t i v e .  There- 
fo re ,  t o  account f o r  t h i s  check l i s t  i tem i n  the l imi ted  time ava i l ab le ,  he 
may have based h i s  response on the i l luminat ion of the l i g h t ,  r a the r  than 
on the posi t ion  of the speed brake lever.  

The sound of the c l i c k  recorded i n  conjunction with t h i s  check l i s t  
item could not  be d e f i n i t e l y  iden t i f i ed .  Although the CVR t r a n s c r i p t  i n t e r -  
p r e t s  t h i s  sound a s  "s imi lar  t o  sound made by moving speed brake l ever  to  
armed posi t ion ,"  i t  was l a t e r  determined tha t  such a c l i c k  could a l s o  have 
been produced by the tapping of the springloaded s p o i l e r  l eve r  o r  by moving 
the l ever  i n t o  the f l i g h t  de tent .  

ARTS-111 and CVR data  show tha t  the level-off coincides with the f i n a l  
check l i s t  response. The f i r s t  o f f i c e r ' s  1,000-foot c a l l ,  about 1 second 
a f t e r  h i s  f i n a l  checkl is t  response, seems more of an af ter thought  than the  



required c a l l o u t  of MDA. The ra the r  abrupt level-off r e f l ec ted  i n  the  
ARTS-111 data  suggests t h a t ,  because the cap ta in ' s  a t t e n t i o n  was.occupied 
by other instruments and checkl is t  a c t i v i t i e s ,  the r e a l i z a t i o n  t h a t  he was 
rapidly approaching MDA may have come suddenly, and l a t e .  Considering the 
p i l o t  r epor t s  of a  500-foot c e i l i n g  between the  OM and the a i r p o r t ,  i t  is  
a l s o  poss ib le  t h a t  v i sua l  ground contact ,  coupled with a high descent r a t e ,  
prompted the  immediate level-off .  

The rush of cockpit a c t i v i t i e s  a t  t h i s  point ,  the f i r s t  o f f i c e r ' s  
rout ine  c a l l o u t  tha t  the s p o i l e r s  were "armed," and the f a c t  tha t  the 
s p o i l e r s  a r e  seldom used during the f i n a l  segment of an instrument approach, 
may wel l  have caused the cap ta in  t o  overlook the posi t ion  of the s p o i l e r s  
a t  level-off .  This probabi l i ty  i s  supported by the events tha t  followed. 

ARTS-111, CVR, and engine sound c o r r e l a t i o n  shows tha t  the engine 
t h r u s t  was not  increased i n  a n t i c i p a t i o n  of the level-off .  The t h r o t t l e s  
were reposit ioned to  produce 7 2  percent N l  on one engine and 79.2 percent N1 
on the o the r  wi th in  6 t o  7 seconds a f t e r  i n i t i a t i o n  of the level -off  
maneuver. Although the addi t ion  of power may have been i n t e n t i o n a l l y  
delayed because of the c a p t a i n ' s  observation of an airspeed higher than 
Vreference ,  the asymmetrical development of th rus t  was probably associated 
with the abrupt nature  of the maneuver. Probably more s i g n i f i c a n t  i n  t h i s  
context i s  the f a c t  tha t  the capta in  moved the t h r o t t l e s  t o  a pos i t ion  
tha t  corresponded c lose ly  with the th rus t  required t o  maintain h i s  reference 
speed i n  the normal landing configurat ion with the s p o i l e r s  stowed. 

The s t ickshaker  s t a r t e d  to  sound a s  the power was increased,  and the 
sound continued f o r  the 20 seconds remaining u n t i l  impact. The A R T S - 1 1 1  
data  ind ica te  t h a t  the a i r c r a f t  continued t o  maintain l e v e l  f l i g h t  f o r  8 
t o  10 seconds of t h i s  time period. 

The a c t i v a t i o n  of the s t ickshaker  ind ica tes  tha t  the angle of a t t a c k  
had reached a point  corresponding t o  a speed of approximately 9 percent 
above the s t a l l  value. With a 3 0  f l a p  configurat ion,  the s t ickshaker  would 
a c t i v a t e  a t  a  body angle of a t t a c k  of approximately 1 3 ;  with the f l i g h t  
s p o i l e r s  stowed, t h i s  would correspond to  an a i rspeed of 105 knots. I f  the 
f l i g h t  s p o i l e r s  were deployed t o  the f l i g h t  de tent  pos i t ion ,  the a i rspeed 
corresponding t o  s t ickshaker  speed would have been about 116 knots a t  the 
same angle of a t t a c k ;  i n  e i t h e r  case ,  both of these speeds a r e  s i g n i f i c a n t l y  
below the reference speed of 125 knots. 

The main considerat ion i n  the decelera t ion of the a i r c r a f t  from 
reference speed t o  s t ickshaker  speed i s  tha t  the t h r u s t  t o  counter the t o t a l  
drag of the a i r c r a f t  i n  l e v e l  f l i g h t  was i n s u f f i c i e n t .  I n  the 30Â f l a p ,  
gear down, f l i g h t  de tent  s p o i l e r  configurat ion,  with a th rus t  s e t t i n g  
corresponding t o  t h a t  used during the f i n a l  descent (58 t o  59 percent  N1; 
5,900 pounds th rus t ) ,  the a i r c r a f t  would have decelerated approximately a t  
2.0 knots per  second i n  l e v e l  f l i g h t .  The t r ans ien t  condit ion produced by 
an increased load f a c t o r  during the level-off  would produce an even higher 
decelera t ion.  I n  conjunction with the probable airspeed a t  level-off  and 



the s t ickshaker  a c t i v a t i o n  speed with the s p o i l e r s  deployed, t h i s  decelera- 
t i o n  r a t e  c o r r e l a t e s  c lose ly  with the indicated  time sequence of events. 

With the f l i g h t  s p o i l e r s  r e t r a c t e d ,  the a i r c r a f t  decelera t ion would 
have been reduced t o  1.1 knots per second. I n  conjunction with the lower 
s t ickshaker  a c t i v a t i o n  speed (105 knots) approximately 25 seconds would 
have elapsed between level-off  and s t ickshaker  ac t ivat ion.  Such a  time 
lapse was not supported by the evidence. Therefore, the Safety Board con- 
cludes tha t  the f l i g h t  s p o i l e r s  remained i n  the f l i g h t  de tent  pos i t ion  
during and subsequent t o  level -off .  The Board f u r t h e r  bel ieves  tha t  the 
capta in ,  caught i n  a  rapid tempo of unusual events, was unable t o  analyze 
the s i t u a t i o n  i n  time t o  apply e f f e c t i v e  cor rec t ive  ac t ion.  

The engine acce le ra t ion  a f t e r  level-off  produced an asymmetrical th rus t  
of 8,000 pounds on one engine and 5,900 pounds on the o ther ,  a  t o t a l  of 
13,900 pounds. A th rus t  i n  excess of 12,500 pounds should have been 
s u f f i c i e n t  t o  acce le ra te  the a i r c r a f t  out  of the st ickshaker regime i f  the 
f l i g h t  s p o i l e r s  had been stowed. With the s p o i l e r s  i n  the f l i g h t  de tent  
pos i t ion ,  however, a  t o t a l  thrus t  of 14,500 pounds would have been required 
merely to  maintain unaccelerated l e v e l  f l i g h t  wi th in  the st ickshaker regime. 
With l e s s  t h r u s t ,  any attempt to  maintain l e v e l  f l i g h t  would require  an 
increase  i n  p i t ch  a t t i t u d e  resu l t ing  i n  a  continuing decelera t ion and the 
eventual reaching of the s t a l l  angle of a t t ack .  

The speci f ied  recovery procedure f o r  an approach t o  a  s t a l l  i s  to  
lower the nose, apply takeoff t h r u s t ,  r e t r a c t  the f l aps  t o  15O, and r e t r a c t  
the gear when a  pos i t ive  r a t e  of climb i s  achieved. The performance and 
simulator  s tud ies  ind ica te  tha t  the B-737 has s u f f i c i e n t  th rus t  capab i l i ty  
to  acce le ra te  out  of the approach-to-stal l  regime, even with the s p o i l e r s  
extended. I f  takeoff th rus t  i s  produced wi th in  2  o r  3  seconds of s t i c k -  
shaker a c t i v a t i o n ,  l i t t l e  o r  no a l t i t u d e  has to  be sac r i f i ced .  

The s t ickshaker  sound s t a r t e d  while the engines were s t i l l  acce le ra t ing  
i n  response to  the cap ta in ' s  appl ica t ion of level-off  power. CVR evidence 
suggests tha t  ins tead of applying more power, the cap ta in ' s  immediate 
react ion was t o  reconfigure the a i r c r a f t ;  wi th in  2 seconds of s t ickshaker 
onset ,  there  was a  sound ind ica t ive  of f l a p  l ever  movement. I f  the f l a p s  
were re t rac ted  t o  15O a t  t h i s  time, the associa ted  loss  of l i f t  would cause 
the a i r c r a f t  t o  s e t t l e .  I t  is qu i t e  l i k e l y  t h a t  the capta in  would counter 
t h i s  s i t u a t i o n  by increas ing the nose a t t i t u d e  even fu r the r .  Eyewitnesses 
and surviving passengers both a t t e s t e d  t o  such an increase  i n  p i t ch  a t t i t u d e ,  

The subsequent CVR comments, "want more f l aps , "  " f l aps  f i f t e e n , "  " I ' m  
sorry ,"  and the sound of another c l i c k  s i m i l a r  t o  f l a p  l ever  movement can 
be in te rp re ted  a s  the crew's r e a l i z a t i o n  of the adverse e f f e c t  of f l a p  
r e t r a c t i o n  and t h e i r  co r rec t ive  ac t ion  by s e l e c t i n g  40Â f l aps .  Such a  
f i n a l  se lec t ion  was v e r i f i e d  by wreckage examination. Although the CVR 
sound spectrogram does not conclusively show a  subsequent power increase ,  
i t  seems probable, based upon witness observations and engine examination, 
tha t  takeoff th rus t  was eventually applied.  A t  t h i s  point ,  however, the 



angle of a t t a c k  may have been so  high a s  t o  make recovery impossible even 
with f u l l  thrus t  developing. 

That the crew real ized the posi t ion  of the f l i g h t  spo i l e r s  during 
t h i s  20-second sequence of events is  not evident. Af ter  the accident ,  the 
s p o i l e r  l eve r  was found i n  the forward o r  stowed posi t ion ,  and the spo i l e r s  
i n  the re t rac ted  posi t ion .  However, the postimpact condit ion of the center  
control  pedestal  and the possibility of s p o i l e r  r e t r a c t i o n  when hydraulic 
pressure was l o s t  during the impact make t h i s  evidence inconclusive. 

The postimpact pos i t ion  of the hor izonta l  s t a b i l i z e r  t r i m  was deter -  
mined to  have been 9% u n i t s  noseup, which would c o r r e l a t e  more c lose ly  with 
a  spoiler-stowed configurat ion a t  speeds wi th in  the st ickshaker regime. 
Boeing data ind ica te  tha t  a  t r i m  s e t t i n g  of 6% u n i t s  would more nearly 
correspond with a  3 0  f l a p s ,  gear down, s p o i l e r  extended configurat ion,  a t  
an airspeed of 130 knots and a  power s e t t i n g  of 55 percent N 1 .  Sounds 
recorded on the CVR ind ica te  tha t  the p i t ch  t r i m  was changed coincident  
with level-off .  Whether the t r i m  was subsequently changed to  compensate 
f o r  s p o i l e r  r e t r a c t i o n ,  o r  fo r  changes i n  f l a p  s e t t i n g ,  o r  a s  an i n s t i n c t i v e  
ac t ion jus t  before impact, could not be determined. The sounds general ly 
associated with t r i m  ac t iva t ion  might have been masked by the st ickshaker 
sounds during the f i n a l  20 seconds of f l i g h t .  Although the pos i t ion  of the 
s t a b i l i z e r  trim a s  found cannot be reconciled with tha t  which would be 
expected fo r  the e x i s t i n g  condit ions,  the Board bel ieves  tha t  the s ign i -  
f icance of t h i s  condit ion i s  outweighed by the evidence regarding the deploy- 
ment of spo i l e r s  during the f i n a l  descent and level -off .  

Since the f l i g h t  was operat ing i n  i c ing  condit ions described a s  l i g h t  
t o  moderate by p i l o t s  f ly ing  i n  the same area  a t  the time of the accident ,  
the Board considered the possible influence of i c i n g  i n  producing a  t h r u s t /  
drag re la t ionsh ip  which might have caused the a i r c r a f t  to  decelera te  i n t o  
a  s t a l l  condition. UA procedures specify tha t  engine an t i - i c ing  be turned 
on when an a i r c r a f t  i s  f ly ing  i n  clouds below 20,000 f e e t  with temperatures 
a t  o r  below freezing.  The engine an t i - i c ing  valves and switches were found 
i n  the open and on posi t ions ,  respect ively ,  upon examination. Although 
there  was no cockpit conversation r e l a t i v e  t o  i c i n g  condit ions o r  a n t i -  
i c ing  ac t iva t ion ,  i t  seems reasonable t o  assume tha t  engine an t i - i c ing  was 
ac t ivated  i n  accordance with UA procedures. I n  addi t ion ,  during the descent 
engine N 1  rpm was maintained a t  o r  near the minimum N1 speed of 55 percent 
recommended fo r  s a t i s f a c t o r y  an t i - i c ing  i n  i c ing  condit ions.  Observations 
of survivors and ground witnesses do not  ind ica te  a  problem with the engines 
tha t  would normally be associated with the accumulation of engine i c e ,  i .e . ,  
sounds of compressor s t a l l  o r  rapid surging due to  i c e  inges t ion when the 
engines responded to  th rus t  appl ica t ion.  For these reasons, the Safety 
Board concludes tha t  engine i c ing  was not a  causal  f a c t o r  i n  t h i s  accident .  

The weather condit ions during the approach of UA-553 were a l s o  condu- 
c ive  to  airframe icing.  The a i r c r a f t  would have been subject  t o  these condi- 
t ions  f o r  approximately 6 minutes. P i l o t s  conducting approaches t o  Midway 
during the time period involved reported tha t  the i c e  accumulation on t h e i r  
a i r c r a f t  was not s i g n i f i c a n t .  The p i l o t  of a  DC-9 which operated i n  these 



conditions f o r  about 7 minutes reported l e s s  than 114-inch i c e  accumulation. 

From the examination of the wing a n t i - i c e  valves i t  was determined 
tha t  the wing a n t i - i c e  system was off  a t  impact. This pos i t ion  would be 
compatible with company p rac t i ces  which recommend turning off  the wing 
heat  before the f i n a l  approach t o  avoid a thrus t  penalty i n  case of a  missed 
approach, and to  prevent landing with a hot  wing. There were no remarks on 
the CVR tha t  indica ted  crew a c t i v i t y  i n  regard to  wing an t i - i ce .  The 
pressing cockpit a c t i v i t i e s  during the f i n a l  p a r t  of the approach make i t  
unl ikely  tha t  the wing a n t i - i c i n g  system was deactivated a t  t h i s  time. 
This would imply tha t  the crew considered the ex i s t ing  i c ing  condit ions not 
severe enough to  apply wing an t i - i c ing .  F ina l ly ,  i t  was demonstrated 
during the B-737 a i r c r a f t  c e r t i f i c a t i o n  t e s t s ,  and confirmed through analy- 
t i c a l  evaluation during t h i s  inves t igat ion,  tha t  i c e  accumulations on the 
airframe surfaces  consis tent  with the c e r t i f i c a t i o n  requirements would not 
s i g n i f i c a n t l y  af  f e c t  the c o n t r o l l a b i l i t y  of the a i r c r a f t .  Moreover, the 
drag increment produced by an i c e  accumulation 3 inches thick on the leading 
edge of the empennage surfaces  is  l e s s  than 1,000 pounds a t  120 knots. 
Comparably, a  drag increment of approximately 3,500 pounds i s  produced by 
f l i g h t  detent  s p o i l e r  extension. I n  view of the above, i t  is  concluded tha t  
airframe ic ing  was not a  causal  f a c t o r  i n  t h i s  accident. 

I n  summary, the preponderance of evidence indicates  tha t  the rush of 
cockpit a c t i v i t i e s  during the f i n a l  descent caused a breakdown of the safe-  
guards inherent  i n  the tasksharing of a  crew. The error-provoking environ- 
ment s e t  the s tage  fo r  the crew's f a i l u r e  to  no t i ce  tha t  the s p o i l e r s  were 
s t i l l  extended a t  level-off  and to  a r r e s t  the rapid de te r io ra t ion  of a i r -  
speed tha t  followed. 

Although the g rea te r  por t ion  of t h i s  analys is  deals  with the events 
surrounding the level -off ,  the Board wishes to  emphasize tha t  the accident  
sequence was t r iggered by the cap ta in ' s  f a i l u r e  t o  exerc ise  pos i t ive  f l i g h t  
management e a r l i e r  during the approach. 

2.2 Conclusions 

a. Findings 

1. The f l ightcrew was c e r t i f i c a t e d  and qua l i f i ed  to  conduct 
t h i s  f l i g h t .  

2. The a i r c r a f t  was c e r t i f i c a t e d ,  equipped, and maintained i n  
accordance with ex i s t ing  FAA ru les  and company procedures. 
A i r c r a f t  weight and center  of gravi ty  were wi th in  l i m i t s  
f o r  the intended landing a t  Midway. 

3. The a i r c r a f t  and i t s  associated systems, f l i g h t  con t ro l s ,  
and powerplants, with the exception of the f l i g h t  data 
recorder, were airworthy. 



No evidence was found of sabotage o r  foul  play i n  
connection with t h i s  accident. 

The engine an t i - i c ing  system was on during the f i n a l  approach, 
and the engines were operated above the minimum th rus t  s e t t i n g s  
recommended f o r  s a t i s f a c t o r y  operat ion of the an t i - i c ing  
sys  tem. 

The l i g h t  t o  moderate i c ing  condit ions t o  which the a i r c r a f t  
was exposed would not  have compromised the capab i l i ty  of the 
a i r c r a f t  t o  l e v e l  of f  and execute a successful  missed approach. 

The ATC handling of the f l i g h t ,  including the timing of the 
issuance of the missed approach clearance,  d id  not compromise 
the sa fe ty  of the f l i g h t .  

The f l i g h t  was slow i n  responding t o  ATC requests  f o r  speed 
reductions and t o  the descent clearance.  

The crew did not  use one of the ava i l ab le  means t o  determine 
t h e i r  d is tance  t o  the ou te r  marker. 

The a i r c r a f t  crossed the ou te r  marker about 700 f e e t  above the 
published minimum crossing a l t i t u d e .  

The capta in  d id  not c a l l  f o r  the f i n a l  descent check u n t i l  
the a i r c r a f t  had passed the ou te r  marker; the d is tance  from 
the ou te r  marker t o  the runway was 3.3 mi. 

There was a breakdown i n  crew coordination during the most 
c r i t i c a l  phase of the approach. 

The f i r s t  o f f i c e r  d id  not  make the prescribed a l t i t u d e  c a l l -  
outs  during the approach. 

The f l i g h t  s p o i l e r s  were deployed t o  the f l i g h t  de tent  posi- 
t ion  f o r  the f i n a l  descent from the Kedzie OM and remained 
i n  t h i s  pos i t ion  during the level-off a t  MDA. 

b. Probable Cause 

The National Transportation Safety Board determines tha t  the 
probable cause of t h i s  accident  was the cap ta in ' s  f a i l u r e  t o  
exerc ise  pos i t ive  f l i g h t  management during the execution of a 
nonprecision approach, which culminated i n  a c r i t i c a l  de te r io ra -  
t i o n  of airspeed i n t o  the s t a l l  regime where l e v e l  f l i g h t  could 
no longer be maintained. 



3. RECOMMENDATIONS 

Recommendations concerning the crash survival  aspects  of t h i s  accident  
were combined with those of two other  recent  accidents  and submitted to  the 
FAA i n  a l e t t e r  dated June 25, 1973. (See Appendix I.) 

I n  view of the f a c t  tha t  adherence to  es tabl ished opera t ional  proce- 
dures and p rac t i ces  would probably have prevented t h i s  accident ,  the Board 
r e i t e r a t e s  i t s  often-expressed concern about the apparent lack of crew 
coordination and cockpit d i s c i p l i n e  during nonprecision approaches. 

Two of the accident  repor ts  released by the Board i n  1972 (NTSB-AAR- 
72-11  and NTSB-AAR-72-31) contained spec i f i c  recommendations i n  t h i s  regard. 
I n  the f i r s t  repor t ,  the Board included the complete FAA's A i r  Car r i e r  
Operations Bul le t in  No. 71-9 i n  the recommendations sec t ion.  The subject  
of the b u l l e t i n  i s  : Training Emphasis on Nonprecision Approach Procedures 
and I n t e r p r e t a t i o n  of Low V i s i b i l i t y  Weather Reports. This b u l l e t i n ,  i n  
essence, summarizes the common f a u l t s  noted i n  nonprecision approaches and 
makes severa l  pe r t inen t  recommendations. The following quotation from t h i s  
b u l l e t i n  i l l u s t r a t e s  i t s  main theme: 

'Perhaps we should s top using the philosophy of non- 
precis ion and face up to  the need f o r  standards t h a t  a l l  
phases of f l i g h t  should be based upon precision and pro- 
fessionalism. S t i l l  another area  i n  the conduct of non- 
precis ion approach has to  do with the a t t i t u d e ,  cockpit 
d i s c i p l i n e  and crew coordination of the f l i g h t  crew. Recent 
events s trongly ind ica te  a widespread lack of appreciat ion 
f o r  the importance of these fac tors .  Substandard a t t i t u d e ,  
d i s c i p l i n e  and coordination a r e  apparent t o  the degree tha t  
many approaches a r e  being flown i n  a hit-or-miss fashion 
r a t h e r  than i n  a d i sc ip l ined  by-the-book procedure." 

I n  the second repor t ,  the Board recommended tha t  the FAA: 

1. Reemphasize t o  a l l  f l ightcrew members the necess i ty  f o r  
t o t a l  crew coordination and adherence t o  approved procedures. 

2. Insure tha t  a l l  f l ightcrew members a r e  cur ren t ly  apprised 
of the contents  of A i r  Car r i e r  Operations Bul le t in  71-9, 
emphasizing tha t  a  "nonprecision" approach requires  a s  
much, i f  not more, crew coordination than a "precision" 
approach because of the lack of precise  guidance from 
e lec t ron ic  navigat ional  a i d s  outside the a i r c r a f t .  

As an add i t iona l  s t e p  i n  drawing a t t e n t i o n  t o  t h i s  b u l l e t i n ,  the 
Board w i l l  forward copies t o  the organizat ions l i s t e d  below with the 
recommendation tha t  i t s  contents  be used, together with t h i s  accident  
repor t  t o  s t r e s s  the unique demands f o r  crew coordination and vigi lance  
during nonprecision approaches: 



All ied  P i l o t s  Association 
A i r  Line P i l o t s  Association 
A i r c r a f t  Owners and P i l o t s  Associat ion 
F l i g h t  Safety Foundation, Inc. 
National Business Ai rc ra f t  Associat ion,  Inc. 
National P i l o t s  Association 
National A i r  Transportation Conferences, Inc. 
A i r  Transport Association of America 
National A i r  Car r i e r  Association, Inc. 
Association of Local Transport Ai r l ines  

I n  view of the r o l e  of the f l i g h t  s p o i l e r s  i n  t h i s  accident  and the 
ind ica t ion  tha t  the crew was not aware of the reason f o r  the higher-than- 
normal s t a l l  warning a c t i v a t i o n  speed, the Safety Board concludes tha t  
c e r t a i n  crew t ra in ing  de f ic ienc ies  e x i s t  and recommends that  the Federal 
Aviation Administration: 

1. Reassess and improve the methods used, both i n  f l i g h t  manuals 
and i n  simulator  o r  f l i g h t  t ra in ing,  to  f ami l i a r i ze  f l ightcrews 
with the e f f e c t s  of s p o i l e r s  on a i r c r a f t  c h a r a c t e r i s t i c s  and 
s t a l l  warning devices. (Recommendation A-73-73.) 

2. I ssue  an advisory b u l l e t i n  t o  a l e r t  p i l o t s  and operators t o  the 
hazards of the improper use of spo i l e r s .  (Recommendation A-73-74.) 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD 

I s /  FRANCIS H. McADAMS 
Member 

I s /  LOUIS M. THAYER 
Member 

I s /  ISABEL A .  BURGESS 
Member 

I s /  WILLIAM R. HALEY 
Member 

John H. Reed, Chairman, was not present  and did not p a r t i c i p a t e  i n  the 
adoption of t h i s  report .  

August 29, 1973 



APPENDIX A 

INVESTIGATION AND HEARING 

1. Inves t iga t ion  

The Board received n o t i f i c a t i o n  of the accident  a t  1440 c . s . t . ,  on 
December 8, 1972, from the Federal  Aviation Administration. An invest iga-  
t ion  team was immediately dispatched t o  the scene of the accident .  Working 
groups were es tabl ished f o r  Operations, A i r  T ra f f i c  Control,  Witnesses, 
Weather, Human Factors,  S t ruc tu res ,  Powerplants, Systems, Maintenance 
Records, and F l i g h t  Recorders. An add i t iona l  group was formed l a t e r  f o r  
A i r c r a f t  Performance. P a r t i e s  t o  the Inves t iga t ion  included: United A i r  
Lines, Inc . ,  the Federal  Aviation Administration, The Boeing Company, 
P r a t t  and Whitney A i r c r a f t  Division of  the United A i r c r a f t  Corporation, A i r  
Line P i l o t s  Associat ion,  Professional  A i r  T ra f f i c  Control lers  Organization, 
and the I n t e r n a t i o n a l  Associat ion of Machinists and Aerospace Workers. 

2. Hearing 

A public hearing was convened by the Safety Board a t  Rosemont, 
I l l i n o i s ,  on February 27, 1973. P a r t i e s  t o  the hearing were: United A i r  
Lines, Inc . ,  the Federal  Aviation Administration, The Boeing Company, 
P r a t t  and Whitney A i r c r a f t  Division of United A i r c r a f t  Corporation, A i r  
Line P i l o t s  Associat ion,  and the Professional  A i r  T ra f f i c  Control lers  
Organization. A deposit ion was taken a t  Chicago, I l l i n o i s ,  on June 13 
and 14, 1973. 

3. Reports 

A preliminary repor t  on t h i s  accident  was issued by the Safety Board 
on January 19, 1973. 



APPENDIX B 

CREW INFORMATION 

Captain Wendell Lewis Whitehouse, aged 44, was employed by United A i r  
Lines on January 30, 1956. He held A i r l i n e  Transport P i l o t  C e r t i f i c a t e  
No. 1159888, i ssued  on October 3, 1968, wi th  type r a t i n g s  i n  the Douglas 
DC-617 and the Boeing 737 a i r c r a f t .  He a l s o  held F l i g h t  Engineer 
C e r t i f i c a t e  No. 1386803. He was upgraded t o  cap ta in  i n  the Boeing 737 on 
October 29, 1968. 

Captain Whitehouse flew an u n s a t i s f a c t o r y  Boeing 737 prof ic iency  check 
on A p r i l  29, 1970; a  recheck was completed s a t i s f a c t o r i l y  on May 13, 1970. 
H i s  l a s t  prof ic iency  check was conducted on A p r i l  11, 1972, and h i s  l a s t  
l i n e  check on August 30, 1972. He completed h i s  l a s t  prof ic iency  t r a i n i n g  
on October 27, 1972. H i s  most recent  f i r s t - c l a s s  medical c e r t i f i c a t e  was 
i ssued  without  l i m i t a t i o n  on August 11, 1972. 

Captain Whitehouse had accumulated a  t o t a l  of  about 18,000 f l y i n g  
hours ,  of which 2,435 hours were i n  the Boeing 737. I n  the 30-day period 
preceding the acc iden t ,  he f lew a t o t a l  of 61 hours i n  the Boeing 737. 

F i r s t  O f f i c e r  Walter  0. Coble, aged 43, was employed by United A i r  
Lines on October 4 ,  1957. He held Commercial P i l o t  C e r t i f i c a t e  No. 1300051, 
i s sued  on June 30, 1958, w i th  ASEL and instrument  r a t i n g s .  He was qua l i -  
f i e d  a s  a  Boeing 737 f i r s t  o f f i c e r  on January 31, 1969. On June 19, 1972, 
he  flew an u n s a t i s f a c t o r y  prof ic iency  check, bu t  passed a  subsequent recheck 
on June 21, 1972. H i s  l a s t  prof ic iency  check was conducted on June 21, 
1972, and h i s  l a s t  l i n e  check on October 25, 1972. H i s  most r ecen t  
f i r s t - c l a s s  medical c e r t i f i c a t e  was i ssued ,  without  l i m i t a t i o n ,  on Ju ly  28, 
1972. 

F i r s t  O f f i c e r  Coble had accumulated a  t o t a l  of about 10,638 hours  of  
f l y i n g  time, of  which 1,676 hours were i n  the Boeing 737. I n  the  30-day 
per iod  preceding the acc iden t ,  he  flew a t o t a l  of 32 hours.  

Second O f f i c e r  Barry J. E lde r ,  aged 31, was employed by United A i r  
Lines on May 8 ,  1967. He held Commercial P i l o t  C e r t i f i c a t e  No. 1646564 
with ASEL and instrument  r a t i n g s .  He was q u a l i f i e d  a s  a  Boeing 737 f i r s t  
o f f i c e r  on September 16, 1970, but  because of company personnel reduct ions 
he rever ted  t o  second o f f i c e r  s t a t u s  on the a i r c r a f t .  He had not  received 
prof ic iency  f l i g h t  t r a i n i n g  o r  r ecu r ren t  ground t r a i n i n g  from the company 
s ince  January 31, 1971. H i s  most recent  f i r s t - c l a s s  medical c e r t i f i c a t e  
was i ssued ,  without  l i m i t a t i o n ,  on November 11, 1972. 

Secondof f i ce r  Elder  had accumulated a  t o t a l  of 2,683 f l y i n g  hours  of  
which 1,128 hours  were i n  the  Boeing 737. I n  the 30-day period preceding 
the  acc iden t ,  he  flew a t o t a l  o f  53 hours.  

The th ree  f l i gh tc rew members had a  23-hour r e s t  per iod  p r i o r  t o  t h i s  
f l i g h t .  



APPENDIX B 

Marguerite J. McCausland, the f i r s t - c l a s s  stewardess ("A" pos i t ion) ,  
has a s e n i o r i t y  date  of June 1, 1957. Her i n i t i a l  B-737 emergency proce- 
dures t r a in ing  was on March 19, 1968. Classroom and open book recurrent  
emergency procedures t r a in ing  f o r  the B-737 was conducted on May 17, 1971, 
and December 20, 1971. Her most recent  emergency evacuation t r a in ing  was 
conducted on a DC-8-62 on May 4 ,  1972. 

D. Jeanne G r i f f i n ,  coach stewardess ("B" posi t ion)  has a s e n i o r i t y  
da te  of July 5, 1962. Her i n i t i a l  B-737 emergency procedures t r a in ing  was 
on Apr i l  3,  1968. Her most recent  B-737 open book and classroom recurrent  
emergency procedures t r a in ing  was on January 24, 1971, and June 23, 1971. 
Her most recent  emergency evacuation t r a in ing  was conducted on the B-747 
mockup on July 27, 1972. 

Kathleen S .  Duret, coach stewardess ("C" posi t ion)  has a January 13, 
1965, s e n i o r i t y  date.  Her i n i t i a l  B-737 emergency procedures t r a in ing  
was on March 27, 1968. Her most recent  classroom B-737 emergency proce- 
dures t r a in ing  was on November 30, 1970, and h e r  most recent  emergency 
procedures open book t ra in ing  was on July 13, 1971. Her most recent  
recurrent  emergency evacuation t r a in ing  was conducted on a DC-8-62 on 
December 6, 1971. 



APPENDIX C 

AIRCRAFT INFORMATION 

A i r c r a f t  N9031U, a Boeing 737-222, s e r i a l  No. 19069, was manufactured 
i n  September 1968 and reg i s t e red  t o  United A i r  Lines, Inc.,  on September 26, 
1969. A standard airworthiness c e r t i f i c a t e  was issued f o r  the a i r c r a f t  
i n  September 1968. The a i r c r a f t  had accumulated a t o t a l  of 7,247 f ly ing  
hours a t  the time of the accident .  

A i r c r a f t  and component records showed t h a t  a l l  inspections and over- 
hauls  had been performed wi th in  the prescribed time l i m i t s  and tha t  the 
a i r c r a f t  had been maintained i n  accordance with a l l  company procedures and 
Federal  Aviation Administration regulat ions.  A l l  appl icable  airworthiness 
d i r e c t i v e s  had been complied with a s  of December 8, 1972. 

The a i r c r a f t  was equipped with two P r a t t  & Whitney JT8D engines. The 
No. 1 engine, s e r i a l  No. 655956, had a t o t a l  of 5,852 hours s ince  overhaul 
and the No. 2 engine, s e r i a l  No. 655840, had a t o t a l  of 6,554 hours s ince  
overhaul. 



LEGEND 

2 TREE I N  FRONT LAWN EXHIBITED BROKEN BRANCHES 
AT A HEIGHT OF APPROXIMATELY 18 FEET. TREE 
HEIGHT APPROXIMATELY 24FEET. 

3 TREE HAD BROKEN BRANCH AT A HEIGHT OF 
APPROXIMATELY 18FEET. TREE APPROXIMATELY 
20FEET IN HEIGHT. 

4 LEFT ELEVATOR TIP FOUND ON ROOF. NORTHWEST 
CORNER OF ROOF DAMAGED. / \ 

) NORTHEAST CORNER OF ROOF DAMAGED. 

@NUMEROUS LIMBS OF TREE BROKEN. 

7 SECTION OF LEFT HORIZONTAL STABILIZER SKIN. 
P I N  65-47536-501. SECTION OF LEFT ELEVATOR, 

P/N 65-47512-3. 

8 POLE SNAPPED OFT APPROXIMATELY 3 FEET 
6 INCHES ABOVE GROUhD. UPPER SECTlOh 
O h  GARAGE ROOF. 

(i) POLE ShAPPED APPROXIMATLEV I1 FEET 8 IliCHES 
ABOVE GROUkD. UPPER SECTION IN BACK YARD. 

NOTE: 
TELEPHONE CABLE LOCATED 20 FEET ABOVE 
GROUND LEVEL 
ELECTRICAL CABLE LOCATED TOP OF POLE. / 
POLES MEASURED APPROXIMATELY 34 FEET 
I N  HEIGHT. 
CABLES FAILED IN TENSION. 

10 NORTH SECTION OF GARAGE ROOF DAMAGED. GARAGE 
M O V E D  OFF FOUNDATION. 

12) LEFT HORIZONTAL STABILIZER AND ELEVATOR SECTION. 

@HYDRAULIC LINE AND FITTING. 

15) RIGHT WING TIP INCLUOING TANKVENT. 

17) SOUTHWEST CORNER OF HOUSE DAMAGED. 

@SECTION OF RIGHT WING LEADING EDGE FOUND BETWEEN 
HOUSES. 

@RIGHT HAND STRUT DOOR P/N 65-52202-36. 

@STRUT DOOR P/H 65-52201-8& 

FLAP SECTION OF SKIN WITH STRINGERS. P/H 65-55726-5. 

@SKIN AND RIB SECTION. 

@SECTION OF SKIN WITH LOUVRE. 

@FUEL TANK PLATE, P/H 65-~411-I I 2 EACH). 
NOTE: 

ITEMS 20THROUGH M N D T  I N  ORIGINAL 
LOCATION. FOUND IN STREET AND ON 
SIDEWALK OF LOT 3719 WEST 70th PLACE. 

N O T E :  

P A T H  F L I G H T  340' 

I C O C K P I T  H E A D I N G  30' 
E M P E N N A G E  H E A D I N G  2 S o  

P R E S E N T A T I O N  N O T  T O  S C A L E  

WEST 70th. PLACE 

I l l  

P H O T O  "A" 

P H O T O  "6" 

LEGEND 

NUMEROUS PIECES OF LEFT WING T I P  FLASHING 
O L l G H T  

@EMPENNAGE SECTION. 

@LEFT ENGINE. 

@RIGHT ENGINE. 

@LEFT WING CENTER SECTION. 

@RIGHT WING CENTER SECTION. 

@OUTBOARD RIGHT WING SECTION. 

37) ROOF DAMAGED 

@HOUSE DESTROYED 

@HOUSE DESTROYED 

@HOUSE DESTROYED 

@COCKPIT AREA AGAINST TREE 

42) GARAGE DESTROYED 

@RIGHTMAIN LANDING GEAR. 

APPENDIX D 
NATIONAL TRANSPORTATION SAFETY BOARD r WASHINGTON, D. C. 

WRECKAGE DISTRIBUTION CHART 
UNITED AIRLINES, INC. 

BOEING MODEL 737-222, N9031U 
ACCIDENT SITE CO-ORDINATES 

WEST LATITUDE 87' 42' 54" 
NORTH LONGITUDE 41' 45' 51" 

CITY OF CHICAGO, ILLINOIS 
DECEMBER 8,1972 
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TEAHSCEiPTION OF COCKPIT VOICE BECORDING, UA 553, DECEMBEE 8, 19T2 

CAM Cockpit area microphone 
EDO Radio transmission from B9031U (uA 553) 
-1 Voice iden t i f i ed  as  Captain 
-2 Voice ident i f ied a s  F i r s t  Off icer  
-3 Voice iden t i f i ed  a s  Second Off icer  - ? Voice unidentified 
9VS Radio transmission from Aero Commander 680, N309VS 

NOTE: A l l  time appears as  Greenwich Mean Time (GMT) 

mRA-COCKPIT 

SOURCE 
& TIME COMTEHT 

2019:30.5 
CAM-1 Recorder go off? 

CAM-3 Pardon me: 

CAPC Radio transmission from Chicago Approach Control 
MTHR Radio transmission from Midway Tower 
* Unintel l ig ible  word/words 

# Nonpertinent word 

% Break i n  continuity 
() Questionable t e x t  
( (  ) )  E d i t o r i a l  in se r t ion  --- Pause 

AIR-GROUBD COmUHICATIONS 

SOURCE 
& TIME COBTEHT 

2019:32.0 
EDO-2 Ah, Midway approach, United f i v e  f i v e  three ,  we're a t  

four thousand, understand i t ' s  t h ree  one l e f t  

CAM-1 Recorder go off? 

CAM-3 Yeah 

CAM-? * * *  
2019:45.5 
CAM- 1 See what's Â¥wron with it, w i l l  ya? 

2019:50.0 
HDO-2 Do ya read United f i v e  f i v e  three?  



CAM-1 

CAM-3 

CAM-3 

CAM-? 

CAM-1 

CAM-? 

CAM-1 

Braking ac t ion  reported f a i r  by a guppy 

Fair?  

On one, ah, three  one l e f t  

The only change i s  the  a l t ime te r  t h i r t y  oh f i v e  

* * * 

Sounds t o  me a c i r c u i t  breaker, perhaps 

Hah? 

* * *  

Yeah, I jus t  meant, I thought you'd b e t t e r  check 
everything, ah 

AIR-GROW COMMUKICATIONS 

SOURCE 
& TIME COMTEHT 

2019: 52.0 
(XU APC S i r ,  I -was busy on t h a t  phone over there ,  you're i n  

radar contact, t w o  ninety heading, in tercept  t h i r t y -  
one l e f t  l oca l i ze r  f o r  Midway, Oscar's current 

2020:oo.o 
BDO-2 Okay, thank you, we got Oscar, ah, two ninety on the  

heading --- in tercept  three  one l e f t  

2020:04.0 
CHIAFC -4, s i r  

2020:09.0 
CHI APC Nine Victor Suffar radar contact south heading, two 

thousand f ive  hundred, vector f o r  t h i r t y - o n e l e f t  
again 

& 
id 

Sound of L O W  IDENT ((Kedzie LOM, DASH, DASH, DASH, DOT, I 

DOT, DASH)) 



SOBECE 
& TIME 

CAM-3 

CAM 

CAM-3 

Cte 

2021:13.0 
CAM-3 

CAM-3 

CAM-? 

2021:23.0 
CAM- 3 

CAM-1 

CAM-3 

CAM-? 

CAM-3 

CAM 

c o r n  

It, ah, -- indicates 

SOURCE 
& TIME - CQH'I'EBT 

Sound of several  clicks ((appear between words 
'ah" and "indicates" above)) ((heard on a l l  
four tracks sounds s imilar  t o  c i rcu i t  breaker 
deactivated and activated repeatedly) ) 

A wire on the  r e e l  t o  t e s t  

Sound of several clicks 

It t e s t s  

I think i t ' s  okay. I think i t ' s  working 

* * * 

It says off 

2021:23.5 
mu APC Zero nine VS turn l e f t  t o  one three zero 

You got an "off" l i g h t  

Yeah, but,  ah, the  s ignal ,  the  encode l i g h t  
comes on 

And it shows, indicating tape 

Sound of two cl icks  ( (s imilar  t o  f l ap  lever 
movement) ) 



AIR-GROUND COMUHICATIONS 

SOURCE 
8- TIME - CONTENT 

SOURCE 

KÂ£ COBTEKT 

2021:56.5 United f ive  f ive  three, slow t o  a hundred an eighty 
C H I A X  knots 

2021:59.5 
BBO-2 Hundred an eighty knots, f i v e  f ive  three 

2022:oo.o 
CAM Sound of two cl icks ((s imilar  t o  f l ap  lever 

movement ) ) 

2022:26.5 
cm AFT Zero nine VS, descend t o  two thousand feet  

CAM Sound of clicks ((s imilar  t o  e l e c t r i c  t r i m  
actuator))  

2022tk2.5 
CAM-2 Wonder why they put t h a t  i n  there, f i n a l  approach 

from holding pat tern a t  Kedzie not authorized? 

CAM- 2 

CAM-? 

CAM-3 

CAM-2 

What -would be wrong i f  you were there i n  the  
holding pattern? You'd be back here anyray 

Wonder why? 

I don't know 

The holding pat tern 's  probably higher than f i f t een  
hundred fee t  

That's probably t rue  

* * *  

O r  i t ' s  not aligned with the  runway 

2022:45.5 
Cm APC Zero nine VS turn l e f t  zero nine zero 

Yeah 



SOURCE 
CONTENT 

2023:19.5 
CAM Sound of three clicks ((similar t o  movement of 

f lap lever ) ) 

CAM Sound of clicks ((similar t o  sound of stabil izer  
t r i m  actuation)) 

SOURCE 
& TIME 

2083:12.0 
can AFC 

2033:16.0 
cm APC 

2023:18.5 
m - 2  

2023:39.5 
CHI APC 

COMTEMT 

Zero nine VS turn l e f t  heading zero two zero 

Five f ive three, slow t o  a hundred an sixty knots 

Hundred an sixty knots, f ive  f ive three 

S, s i r ,  then descent t o  two thousand feet -- 'nited 
f ive  f ive  three 

I 

* <r 

Down t o  two thousand -- five f ive three, lea-vin' four 

An zero nine VS -- "what i s  your airspeed now? 

*by, keep it up for  a while, please 

Five f ive  three s t a r t  slowin' t o  yer approach speed, 
please 

Okay, s1OTd.n' up 



SOURCE 
& TIME - CONTENT - SOURCE 

&TIME - COHTEllT 

CAM Sounds of several clicks ((similar t o  sound of 
s tab i l izer  t r i m  actuation) ) 

2024:08.5 
CHI AFC * VS, turn l e f t  heading three two zero now, intercept, 

cleared for  the approach, s tay wlth me 

2024:31.5 
CAM-3 Christ, I can't even find the c i rcui t  breaker 

f o r  this 

CAM-2 Over here 

CAM-? * * * f l ight  recorder 

CAM-? * * *  
2Qa4:44.5 
CHI APC Mine VS, keep as much speed as long as you can S i r ,  

c a l l  the tower now, one eighteen seven 

CAM-? 

I don't know 

Don't know what t o  say 

I get a reaction when I pull the, ah, AC 

No reaction when you pull the EC though 

You want me t o  c a l l  Maintenance? 

Call it i n  

I s  th is  tape? O r  nh 

I'll have t o  call Dispatch 

* * * 



A I R - G R O W  COMMUNICATIONS 

SOURCE 
& TIME - COBTEBT 

2025:kl.O 
CAM-3 

2025:46.5 
CAM-1 

2025:50.97 
CAM-3 

2025:51.62 
CAM 

CAM 

Chicago, th is  is f ive f ive three ((second officer 
calling ABIKC ) ) 

Let's have the gear down please 

Chicago, United f ive  five three ((second officer 
calling AECTC ) ) 

Sound of a click ((similar t o  sound of landing 
gear handle going into down detent ) )  

Sound of chime ((simultaneous with click above)) 

SOURCE 
& TIME - 
2025:25.0 
cm APC Five f ive three, ca l l  the tower now on one eighteen 

seven 

Eighteen seven, f ive f ive three 

Midmy tower, United f ive  f ive  three, an' we're out 
of three for  two 

United f ive f ive  three, report passing the outer marker, 
number two on the approach 

Okay, report the outer marker 

S tar t  of first sound of f i r s t  series of Kedzie 
outer marker beacon tones 



SOURCE 
& TIME - comm 

SOURCE 
& TIME - c o r n  

2025 : 52.20 
MTWR Nine Victor Sugar, what's your airspeed? 

2025:5't.5 End of sound of f i r s t  series of Kedzie outer marker 
beacon tones 

2025: 54.74 
9 s  Ah, we're down t o  ah, hundred twenty knots 

2025:55.06 
CAM 1ncreAe in  ambient noise level ((similar t o  

increase made by nose landing gear extended)) 

2025:56.82 
MTHE Ah hundred and twenty, okay 

2026:00.64 
CAM Sound of f i r s t  of four clicks i n  rapid increase 

((sounds similar t o  f lap  lever moved frcm fifteen 
degrees t o  25 degrees position)) 

2026:01.50 
CAM-? Gear 'own 

CAM Sound of several clicks ((similar t o  sound of 
stabil izer  t r i m  actuation)) 

2026:10.02 
HDO-1 Sound of beginning of second series of Kedzie outer 

marker beacon tones 

2026:24.66 
CAM-1 Final desrent check 

2026:20.02 
EDO-1 End of sound of second series of Kedzie outer marker i5 

beacon tones i x 



SOURCE 
& TIME 

2026:25.66 
CAM-3 

2026:27.11 
CAM-2 

CAM-? 

CAM 

2026:35.97 
CAM-? 

2026:40.10 
CAM 

2026:40.96 
CAM-2 

CAM-3 

CAM-2 

SOURCE 
& TIME CONTENT 

Flight and nav 

Sound of clicks ((similar t o  sound of stabil izer  
t r i m  actuation)) 

2026:30.62 
EDO-2 United f ive five three, an, ah, Kedzie inbound 

Flight 

2026:36.38 
MTBE United f ive  f ive three, continue inbound, you're number 

two on the approach -- '11 keep you advised 

Sound of several clicks ((similar t o  sound of 
e lec t r ica l  s tab i l izer  t r i m  actuation)) 

Cross-checked 

With a glideslope flag 

No glideslope 

2oe6:41.10 
9VS Eh, nine VS has the runway 



SOURCE 
& TIME 

2026:44.67 
CAM-3 Aaan the  --- landing gear 

2026:50.41 
CAM-2 Down, th ree  greens 

2026:51.37 
01M-3 Speed brake? 

2026:52.45 
CAM-2 A h  --- armed 

2026: 54.69 
CAM Sound of c l i ck  ( (s imilar  t o  sound made by moving 

speed brake lever  t o  armed posi t ion))  

2026:56.04 
CAM-3 Wing f laps  

2026:58.75 
CAM Sound of c l i ck  ( (s imilar  t o  sound made by f l ap  

lever  moving i n t o  detent ) ) 

SOURCE 
& TIME 

2026:43.05 
m 

2026:46.18 
9Ts 

2026:48.40 
m 

2026: 51.37 
9 s  

2026:52.6 
MTWE 

CONTENT 

Nine VS, -way three  one l e f t  cleared t o  land 

Nine VS, do ya have t h e  r igh t  runway i n  s igh t  by 
any chance? 

'ud you swing over t o  that and land? There's a j e t  
about two m-- and disregard tha t ,  ah, okay, I see 
ya now, you're cleared t o  land on thirty-one l e f t  



SOURCE 
& TIME 

2~26:59.42 
CAM-2 

CAM 

CONTENT 

Thirty,  green l i g h t ,  pressure f l u i d  

An t h e  auto-pilot? 

Sound of c l i ck  ( ( s imi la r  t o  e l e c t r i c a l  s t a b i l i z e r  
t r i m  ac tua t ion) )  simultaneous with "an the  auto- 
p i l o t "  

Disarmed 

Ah thousand f e e t  

SOURCE 
& TIME - CONTENT 

2027:&.50 
MTWE United r i v e  f i f ty - th ree ,  execute a missed approach, 

make a l e f t  t u rn  t o  a heading of --- one e ight  zero, 
climb t o  two thousand [fbetween words "of" and "one" . . 
t he re  i s  a pause and a voice i n  the  background says 
o n e  eighty ." ) )  

2027:05.74 
CAM Sound of stickshaker begins and continues t o  

end of recording 

2027:07.56 
CAM-? ((Two t o  th ree  hurried words a t  very low 

amplitude and masked by noise of s t i ck -  
shaker ) ) 

CAM Sound of c l i c k  ( ( s imi la r  t o  sound made by f l a p  
l eve r  moving i n t o  d e t e n t ) )  

2027:12.14 
m - 2  Okay, l e f t  t u rn  t o  one e ight  zero, --- l e f t  t u rn ,  

okay? 



SOUECE 
& TIME - 
2027:13.88 
CAM-3 

2027:15.33 
CAM-? 

2027:16.14 
CAM-? 

2027:16.h7 
CAM 

2027:lg.b 
CAM 

2027:20,1b 
CAM 

2027:20.6b 
CAM 

2027:23.55 
CAM 

COHTENT 

Want more f laps? 

AIR-GROUND COmiBICATIONS 

SOOTCE 
& TIME CONTENT 

Flaps f i f t e e n  

2027:15.45 
MTWS Yeah, make l e f t  turn t o  one eighty 

I'm s o n y  

Sound of c l i ck  ((similar t o  sound made by f l a p  
lever moving i n t o  detent ) ) 

Sound of c l i ck  ((sound similar  t o  landing gear 
l ever  moved out of down detent ) ) 

Sound of double cl ick ((sound similar  t o  landing 
gear lever moved in to  up detent))  

Sound of landing gear warning horn begins and 
continues t o  end of recording 

Sound of i n i t i a l  impact and garbled voice 

2027:21 .̂1^6 
EDO-1 - Sounds of impact and v n i n t e l l i ~ v o i c e  ((over 

open microphone ) ) 

2027:25.02 
EDO-1 EBB OF BECOBBING 

t 

b7 
I*) 

8 
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APPENDIX H 

INBOUND 
FLAPS 15/150 KTS 
GEAR DOWN 
FINAL DESCENT CHECK 

/ TIME CHECK 

/ DESCENT RATE: APPROX 

CIRCLING: FLAPS 25/140 KTS 
GEAR DOWN 

'i- 
STRAIGHT-IN: LANDING FLAPS 

1000 fpm \ 
-- 

CLIMB SPEED: 

VBEF + 1 5  KTS. 

MISSED APPROACH 

TAKEOFF THRUST 
FLAPS 1 5  
GEAR UP-  ON POSITIVE 

OBSTACLES: 
FOLLOW FLAP RETRAG 
TION SCHEDULE. 
CLIMB THRUST. 

\ 

4 *APPROACH CONFIGURATION: 
NORMAL MANEUVERING or - FLAPS 25/VREF + 12 KTS 
FLAPS ~ ~ / V R E F  + 5 KTS 

NON-PRECISION APPROACHES/MAP 
TWO ENGINES 

AUG 23/71 737 FLIGHT MANUAL 951 
3-16 REFERENCE AND REVIEW 



APPENDIX I - 58 - 
UNITED STATES OF AMERICA 

NATIONAL TRANSPORTATION SAFETY BOARD 
WASHINGTON, D.C. 

ISSUED: June 25, 1973 

Adopted by t h e  NATIONAL TRANSPORTATION SAFETY BOARD 
a t  i t s  o f f i c e  i n  Washington, D .  C .  
on t h e  6 t h  day of June 1973 

FORWARDED TO : 1 
Honorable Alexander P. w utter field 
Administrator  1 
Federal  Aviat ion Administrat ion 
Washington, D. C. 20591 1 

1 

SAFETY RECOMMENDATIONS A-73-39 t h r u  43 

The National Transpor ta t ion  Safe ty  Board has under inves t iga t ion ,  
t h r e e  acc idents  involving: a  United A i r  Lines Boeing 737 a t  Midway 
Airpor t ,  Chicago, I l l i n o i s ,  on December 8, 1972; a  North Cent ra l  
A i r l i n e s  DC-9, a t  O'Hare I n t e r n a t i o n a l  Airpor t ,  a l s o  a t  Chicago, 
I l l i n o i s o n  December 20, 1972; and an Eas tern  A i r  Lines Lockheed 
L-1011 a t  Miami, F lor ida ,  on December 29, 1972. 

The Safe ty  Board has i d e n t i f i e d  s e v e r a l  a r eas  i n  occupant sur -  
v i v a l  and evacuat ion common t o  t h e s e  acc idents  which it be l i eves  meri t  
remedial a c t i o n  by t h e  Federal  Aviat ion Administrat ion.  These a reas  
a r e  de l inea ted  below: 

Shoulder Harness Res t r a in t .  Testimony a t  t h e  Safe ty  Board's pub l i c  
hearing concerning t h e  United B-737 acc ident  revealed t h a t  crew takeoff  
and before-landing c h e c k l i s t s  d i d  not  conta in  t h e  i t e m  "Shoulder Harness 
Fastened." The in jur ie ' s  sus t a ined  by t h e  cap ta in ,  as  w e l l  a s  t h e  con- 
d i t i o n s  of t h e  c a p t a i n ' s  and f i r s t  o f f i c e r ' s  shoulder  harness  i n  t h e  
wreckage, indica ted  t h a t  t h e  shoulder  harness had not  been used. 

I n  t h e  EAL acc ident ,  we noted t h a t  t h e  shoulder  harness on t h e  
a f t  fac ing  cabin  a t t endan t  s e a t s  had been removed. I n  a  le t ter  dated 
March 12, 1973, t h e  Board, i n  commenting on your Notice of Proposed 
Rule Making 73-1, expressed i t s  concern about t h e  absence of a  require-  
ment t o  have shoulder  harnesses i n s t a l l e d  on a f t  fac ing  s e a t s .  W e  
pointed out  t h a t  i n  crashes o r  emergency landings involving mul t id i rec-  
t i o n a l  i n e r t i a  forces ,  shoulder  harnesses would provide an a d d i t i o n a l ,  
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and poss ib ly  v i t a l ,  measure of p r o t e c t i o n  f o r  occupants of a f t  fac ing  
s e a t s .  The p r i n c i p a l  advantage of a  shoulder  harness,  both i n  forward 
and rearward fac ing  s e a t s ,  i s  t h a t  it helps t o  r e s t r a i n  t h e  use r  i n  
an upr ight  pos i t i on ,  thereby keeping t h e  s p i n a l  column i n  a  more s u i t -  
ab le  p o s i t i o n  from t h e  s tandpoin t  of load d i s t r i b u t i o n .  Addit ional ly,  
t h e  shoulder  harness prevents  t h e  upper body from f l a i l i n g ,  a  f requent  
cause of s e r ious  i n j u r i e s  i n  a i r c r a f t  acc idents .  The Board be l ieves  
t h a t  increased p r o t e c t i o n  from i n j u r y  of t h e  f l i gh tc rew as w e l l  a s  t h e  
cabin  a t t endan t s  i s  of v i t a l  importance, s i n c e  t h e i r  a v a i l a b i l i t y  t o  
guide and a i d  passengers dur ing  evacuat ion may make t h e  d i f f e rence  
between su rv iva l  and d i s a s t e r .  Therefore, t h e  Safe ty  Board recommends 
t h a t  t h e  Federal  Aviat ion Administrat ion:  

1. Take t h e  necessary s t e p s  t o  ensure t h a t  a l l  a i r  c a r r i e r  
before-landing and takeoff  c h e c k l i s t s  conta in  a  "Fasten 
Shoulder Harnesses" i t e m .  

2. Amend 14 CFR 25.785(h) t o  r e q u i r e  provis ions  f o r  a  
shoulder  harness a t  each cabin  a t t endan t  s e a t ,  and 
amend 14 CFR 121.321 t o  r equ i re  t h a t  shoulder  harnesses 
be i n s t a l l e d  a t  each cabin  a t t endan t  s e a t .  

Auxil iary Por t ab le  Light ing.  During t h e  i n v e s t i g a t i o n  and pub l i c  hear- 
ing  held i n  connection with t h e  EAL L-1011 acc ident ,  testimony indica ted  
t h a t  t h e  absence of l i g h t i n g  of any kind a t  t h e  c ra sh  scene s e r i o u s l y  
hampered su rv ivor s '  a b i l i t y  t o  o r i e n t  themselves and prevented them 
from searching  f o r  and a s s i s t i n g  o the r  in jured  surv ivors .  Addi t ional ly ,  
t h i s  lack  of l i g h t  prevented cabin a t t endan t s  from taking  e f f e c t i v e  
charge among t h e  su rv iv ing  passengers.  In  both Chicago acc idents ,  a  
s i m i l a r  l i g h t i n g  problem was encountered. Although s e c t i o n  121.549(b) 
of t h e  Federal  Aviat ion Regulations r equ i re s  each crewmember t o  have 
a v a i l a b l e  a  f l a s h l i g h t ,  cabin a t t endan t s  usua l ly  stow t h e i r  personal  
f l a s h l i g h t s  i n  t h e i r  handbags, which tend t o  become l o s t  i n  t h e  debr i s  
of t h e  wreckage. This,  f o r  example, was t h e  case  i n  both Chicago 
acc idents .  The Board be l i eves  t h a t  e f f e c t i v e  a l t e r n a t e  means of l i g h t -  
ing ,  which is  not dependent on random stowage and loca t ion ,  should be 
r e a d i l y  a c c e s s i b l e  t o  t h e  f l i g h t  a t t endan t s .  Therefore, t h e  Safe ty  
Board recommends t h a t  t h e  Federal  Aviat ion Administrat ion:  

3 .  Amend 14 CFR 25.812 t o  r e q u i r e  provis ions  f o r  t h e  stow- 
age of a  po r t ab le ,  h igh - in t ens i ty  l i g h t  a t  cabin a t tend-  
a n t  s t a t i o n s ;  and amend 14 CFR 121.310 t o  r equ i re  t h e  
i n s t a l l a t i o n  of such por t ab le ,  h igh - in t ens i ty  l i g h t s  a t  
cabin a t t endan t  s t a t i o n s .  
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Emergency Lighting. Evidence obtained during t h e  inves t iga t ion  of t h e  
North Central DC-9 accident  and t h e  United B-737 accident  i n  Chicago, 
indicated t h a t  many passengers had d i f f i c u l t i e s  i n  escaping from t h e  
wreckage. These d i f f i c u l t i e s  were a  r e s u l t  of inadequate i l lumination,  
combined with a  heavy smoke condit ion i n  one of these  accidents .  In  
t h e  United accident ,  survivors s p e c i f i c a l l y  mentioned t h e  absence of 
any l i g h t  i n  the  cabin. In t h e  North Central accident ,  passengers 
experienced g rea t  d i f f i c u l t y  i n  loca t ing  t h e  e x i t s ,  reportedly because 
of darkness and heavy smoke i n  t h e  cabin. Yet, the  crew t e s t i f i e d  
t h a t  t h e  emergency l i g h t i n g  system was armedand t h e  inves t iga t ion  
indicated tha t  they should have been operat ional .  However, four of 
the  nine f a t a l l y  injured passengers apparently died while they were 
attempting t o  f ind an e x i t .  One passenger was found i n  t h e  cockpit ,  
one near t h e  cockpit door,and two others  were found near t h e  a f t  end 
of t h e  cabin. The f i v e  remaining f a t a l i t i e s  apparently had not l e f t  
t h e i r  s e a t s .  

Numerous recommendations and proposals t o  improve occupant escape 
c a p a b i l i t i e s  i n  survivable accidents  have been made over t h e  years by 
various Government and industry organizat ions;  and, indeed, s i g n i f i c a n t  
improvements have occurred. Unfortunately, however, experience indicates  
t h a t  t h e  ex i s t ing  escape p o t e n t i a l  from a i r c r a f t  i n  which postcrash f i r e  
is  involved is s t i l l  marginal. These accidents  i l l u s t r a t e  t h e  v i t a l  
r o l e  t h a t  adequate i l luminat ion can play i n  contr ibut ing t o  such postcrash 
su rv ivab i l i ty .  

A review of 14 CFR 25.811 and 25.812 ind ica tes  t h a t  paragraph 811(c) 
requires  means t o  a s s i s t  occupants i n  loca t ing  e x i t s  i n  condit ions of 
dense smoke. Yet, information from t h e  Civi l  Aeromedical I n s t i t u t e  i n  
Oklahoma City indicates  t h a t  t h e  i l luminat ion l eve l s  speci f ied  i n  para- 
graph 812 a r e  not  predicated on a  smoky environment, and the re fo re  may 
be ine f fec t ive  under conditions of dense smoke. In  order t o  e l iminate  
t h i s  inconsistency, t h e  Board believes t h a t  i l luminat ion l eve l s  should 
be speci f ied  i n  paragraph 812, which a r e  consis tent  with t h e  require- 
ments of 14 CFR 25.811(c). Moreover, these  and other  accident experi- 
ences have shown t h a t  f o r  various reasons a i r c r a f t  emergency l i g h t i n g  
systems o f ten  do not work o r  a r e  proved i n e f f e c t i v e  i n  survivable acci-  
dents. Therefore, t h e  Safety Board recommends t h a t  t h e  Federal Aviation 
Administration: 

4.  Amend 14 CFR 25.812 t o  require  e x i t  s ign  brightness 
and general i l luminat ion l eve l s  i n  t h e  passenger 
cabin t h a t  a r e  consis tent  with those  necessary t o  
provide adequate v i s i b i l i t y  i n  condit ions of dense 
smoke. 
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