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t

UNITED AIR LINES, INC.
BOEING T2T7-22, N7036U, IN LAKE MICHIGAN
AUGUST 16, 1965
SYNOPSIS

A United Air Lines, Inc., B-T27-22, NTO36U, Flight 389 crashed into
Lake Michigan approximately 19.5 statute miles east of Lake Forest, Illinois,
at approximately 2120 c.d.t., August 16, 1965. The 24 passengers and 6 crew-
members died i1n the crash and the aircraft was destroyed.

Flight 389, en route from ILaGuardia Airport, New York to O'Hare Inter-
national Airport, Chicago, Illinois, was descending from a c¢ruising altitude
of 35,000 feet to begin a landing approach when 1ts radar target disappeared
from the air traffic controllerts radarscope. The weather at O'Hare at the
time of the accident was: an estimated cealing of 10,000 feet, vaisibality
T miles. Ground witnesses observed a fire and explosion on the lake at
approximately 2121l. Search vessels discovered the first floating wreckage
approximately five hours later.

The Beard 1s unable to determine the reason for the aircraft not being

leveled off at 1ts assigned altitude of 6,000 feet.
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1. INVESTIGATION

1.1 History of Flight

A Unxted Aar Lanes, Inc., Boeing T727-22, N7036U, Flight 389 (UAL 389)
was a regularly scheduled domestic passenger/cargo flight from LaGuardia
Airport, New York to O'Hare Intermational Airport, Chicago, Illinois., The
axrcraft had arraved at ILeGuardia, on the date of the accident, following a
trip from Los Angeles, California, W;th stops at Sacramento, Californaa,
Reno, Nevada, Denver, Colorado, and Chacags, Illinois. The flight crew of
UAL 389 reported for duty at LaGuardia Airport one hour before scheduled
departure where they prepared for the flight to Chicago. The stewardesses
arrived with the arrereft from Chicago. Persons known to have been in con-
tact with the crew prior to their departure from New York noticed nothing
unusual about their behavior cr appearance.

UAL 389 departed LaGuardia at 1952 ;/ on an Instrument Flight Rules
(IFR) flight plan at FL 350 2/ and estimated their arrival time at O'Hare
to be 2127. The crew reported at FL 350 at 2011-35. At 2102 UAL 389 came
under control of the Chicago Air Route Traffic Control Center (ARTCC) re-
porting its altitude as FL 350 and was cleared to the O'Hare Airport vais
Pullman VORTAC direct to the Northbrook VORTAC, direct O'Hare and {0 maintain

FL, 350. This clearance was acknowledged correctly and the crew was advised

that radar contact had been established.

;/’ A1l times hereln are central daylight time based on the 24-hour clock
unless otherwise indicated.

g/ Altitudes above 17,000 feet are expressed as flaght levels (FL) and
reported in three digits 1.e., FL 180. Flaght levels are derived from
a reference datum of 29.92 inches of mercury set in the altimeter as a
barcmetric setting.
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At 2103 the ARTCC controller cleared UAL 389 to descend to FL 240 and
to "start descent now through 31" (¥L 310). UAL 389 replied ". . . down
to 240, leavang three fave." At 2106 UAL 389 was cleared to continue 1ts
descent to 14,000 feet and given an altimeter setting of 29.90 inches for
Q'Hare. This message was acknowledged immediately and in reply to the
controllerts inguiry the crew reported they were leaving FL 280 "now."
At 2109 the flight was instructed to change fregquencies and within the
same minute reported out of FL, 260 descending to fourteen thousand. Thas
was the last altitiide information received from the crew. At 2111 the
flight was cleared to descend to 6,000 feet and the clearance was
1mmediately acknowledged correctly. At 2118:35 control of the flight was
passed to Chicago Approach Control {(ORD). The radsr target of UAL 389 was
in the vicinity of the Sturgeon Intersection (intersection of the 01l radial
of Chicago Heights and 076 radial of Northbrook VORTAC, 28 miles east of
Northbrook VORTAC). At 2118:38 the target was observed approximately 2
miles east of the intersection. At 2119:36 the crew contacted ORD and
was advised that radar contact had been established. At this time the
aircraft target was 2-3 miles west of Sturgeon. UAL 389 was cleared to
maantain 6,000 feet and to depart the Northbrook VORTAC on a heading of
2h0 degrees. The flight wae advised that instrument landing system
approaches were 1n progress on runway 1UR at O'Hare and that the current
0'Hare altimeter setting was 29.93. The pilot i/ read back the altimeter

setting incorrectly, the controller corrected him, and the pilot repeated

3/ The vozce was 1dentified as that of the captain.
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1t correctly. This was the last communication received from the flight
and ended at 2120.03.

The USAF Axr Defense Commend radar system and the SAGE-&/ computer
were monitoring znd recording certain high altitude tracks by position, é/
altztude, é/ time, Z] heading, §/ and ground speed. 2/ The SAGE data were
reviewed and showed two tracks in the area of concern at the time UAL 389
was approaching O'Hare, The first track, identified by the computer as
track AO39, began at 0157.8Z (2057-48) at a point approxamately 17 nautical
mi1les west of the Salem, Michigan VORTAC (83°58% West - L2°22' North) and
was dropped by the computer at 87°10% West - 42°L7! North at 0217.3Z
(2117:24). The second track, identified as KOWT7, was imitiated af 0218.67
(2118-36) at 87°23% West - L2°15' North, and dropped at 0222.82 (2222-L8)
at 87°52% West - 42°15' North. There was no other high altitude traffic
observed by ARTCC or SAGE in the area of concern at the time UAL 389 passed
through 1t. The track over the ground, ground speed and positions observed

by SAGE were compatible with the intended flight path of UAL 389, and within

the normzl operating envelope of the B-T27. In addition to the tracking

4/ Semi-autometic ground environment.

2/ Positions are recorded in latitude and longitude of an intersection whach
15 the southwest corner of a rectangle messuring one nautical mile on a
north-south axis and approxamately .T4 nautical mile on an east-west axas.
The target may be located anywhere within this rectangle.

6/ While there are potential errcrs in the height finding data experience
has ghown they are to a great extent self-cancelling.

Z/ Time 1s expressed in hours, minutes and tenths of minutes and expressed
as Greenwich Mean Tame (Z). _

8/ "Heading" 1s actually the megnetic track bewing made good by the target.

2/ Ground speed 18 derived by conbinuously averaging the time vs location
rlot,
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information obtained by SAGE, two height finder readings were obtained.
The first, at 0214.67 (211L.36) indicated the tmrget was at 16,500 feet
m.s.l. The second, at 0219.9Z (2119:54) ind:cated the target was at an
altitude of 2,000 feet m.s.l. This latter altitude was consadered by the
Arr Defense Command to be accurate within outside lumits of #500 or -1,000
feet (1,000-2,500 feet m.s.l.). During the time of this latter altitude
reading the aircraft was in voice communication with approach control and
had an altitude clearance limit of 6,000 feet m.s.l.

Several witnesses on ships and along the western shore of Lake Michigan
observed & ball of fire near the surface of the lake. These witnesses
placed the time of their observation at 2120. Other witnesses reported
the same genersl sightings but the time of their cobservations varied from
2100 to after 2130.

The accident location was determined by plotting the center of the
wreckage distribution pattern and determined tc be at a point 29.6 statute
miles east-northeast of O'Hare Airport 1n 250 feet of water. The surface
of the water 1s approximately 576.8 feet m.s.l. The coordinates were
87°27% 56" West - L2°15t 2" North.

1.2 Inguries to Persons

Injuries Crevw Pagsengers Others
Fatal 6 ok 0
Non- fatal 0 0 0

None 0 0



1.3 Damage to Aircraft

The aircraft was destroyed.

1.4 Other Damage

None

1.5 Crew Information

An examination of the company and FAA airman records of the flight
personnel aboard UAL Flight 389 was conducted and the following summary
of B-T727 flight and ground schocl information on each crewmember vrepared.

Captain Melvalle W. Towle held an airline transport certificate

#308952 with type ratings in the Douglas DC~3, DC-L, Vickers Viscount and
Boeing 727 aircraft with commercial privileges in arrplane multleengine
land. His first-class medical certificate was dated July 26, 1965, with
no waivers noted.

Date of DITEh o v &+ v 4 v v o o o o o o o o o » « « » 29/11/22

Duty time since last rest period . + + « ¢« « & ¢« +» « . Approx. 2 hours
and 30 minutes

Date of employment (UAL) v « o v o o v « o o o « o « 2/12/46

Total prlot Lame o o v & v 4 o ¢ ¢ 4 o+ « + o 4 s » o 17,142 hours

Total pilot-in-command in Boeing 727 equad + « +» » + » 59 hours

Total tame flight training in Boeing 727 equip » - . 22 hours & 39 minutes
Satisfactorily completed ground training on B-727 . . .6/7/65
Unsatisfactory on type rating check on B-727 . . . . . T/7/65

Satisfactorily passed type rating check on B-T727 . . 7/12/65
Satisfactorily passed en route check B-T27 . « « « . . 7/19/65

Satisfactorily passed en route check B-727 . . . . . . 7/21/65
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Farst Officer Roger Marshall Whitezell possessed airline transport

certificate #1275469 with a type rating in Douglas DC-6/7 and commercial
praivaleges 1n airplane single-eng:ne and multi-engine land, His first-
class medical certrficate was dated November 13, 1964, with no waivers
noted.

Date of DITER « v v o o o o o s o o o o 2 v o o s o o o » o o 9/6/30

Duty time saince last rest period « & ¢ o s+ 4 ¢ &« o « » +» « « Approx. 2 hours
and 30 mnutes

Date of employment (UAL) v o« « o + o « o « o « o v « o« o « « 2/27/56
Total P1lot T1ME & o o « s « s = o o o o o s o o o « o o o « 8,466 hours
Total First Officer time on Boeing T27 equipment . « « « . « 363 hours
Satisfactorily completed ground treinming Boeing T27 « « « « »10/21/6L
Satisfactorily completed Boeing T27 transiticn

flight training - pilot secohd 111 commaNd « o o« o o + o o « = ll/l/6h
Satisfactorily passed First Officer en route check B-727 . . 3/8/65
Satisfactorily passed First Cfficer en route check B-727 . . 4/1/65
Satisfactorily passed First Officer proficiency check B-TZ2T. h/7/65

Second Officer Maurice L. Femmer held a commerical pilot certificate

#1367502 and flight engiheer certificate #1599415. He had commerical
privileges in arrplane single-engine land and an instrument rating. His
second-class medical certificate was dated September 18, 1964, with no
waivers hoted.

Date OFf DITEH o o o o o o o o o o s o o s o « o o o s« « « o 3/26/39

Duty time since last rest period « + &« 4 = &« ¢« » =« » » « « » Approx. 2 hours
and 30 mainutes
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Date Of CHPlOYMENT o o o o o o o o o o o o o o ¢ s s o o o o o o 4/6/6h
Setisfactorily completed ground traiming Boeing T2T « » « « « « +12/3/6k
Satisfactorily passed Second Officer en route check B-T27 + » .« UW/19/65
Total Second Officer time on Boeing TE7 equipment « « o « « « « 303 hours
Total flight time with UAL o« 4 o o o o o s o s« o s s s o o« o o« » 649 hours

Stewardess Phyllis M. Rickert

DBte OF DLTEH o o o o o o o o o o o o o o s o s o o o o o oo« 11/2/42
Date OFf SENIOTZEY o o » o o o o s o o o o o o s o s o o o o o o 11/25/6k
Completed Boeing T27 treining
EMETGENCY o o o « o o o o s o o s o o s o o o o o o o s o o 11/13/6k
ProcedUral « o « o o o o s o + o s s o o o o o s o s s o s 11/13/64
FLIEht o o o o o o o o o o o o o o s o s o s o o o o o o o J4/5/65

Stewardess Sandre H. Fuhrer

Date OFf DIZTEN « o o o o o o o o o o o o o o ¢ o o o o o o oo o 11/2/4k
Date OF SEMIOTILY s « = s s o o o o o o o s o o « o » o o o « o 11/25/6L
Gompleted Boeing T27 training
FHETEENCY o o o o o o o s s s o o s o o o o« o o o o v o o 11/13/64
Procedural o «» o « o ¢ o o o o o o s = o o o o o s s o« 11/13/6k
FLIGHE o o o o o o o o = s o o o o o s o » o o o 2 s+« » 12/30/6L

Date of last recurremt tIEINING o o o o o o o o s o o « o o o« o 4/5/65

Stewardess Jeneal G. Beaver

Da.'beofblrth..-...-.-.--..--..........12/10/}4-1!-

Tete Of SENIOTILY o & o o o o o o « o o o s o o o o o o o o o « +3/30/65



Completed Boeing T27 training
EHETEENCY o o o » o o o o o s o o s o o o o o o o o « ¢ o 3/26/65
ProcedUrBL o s o o o o s o o o o s o o s o o s s o s s o« 3/06/65
FL1ght o o v o o o o o s s o 2 o o o« s ¢ s o o s ¢« s 2 s+ 8/1/65

1.6 Aireraft Information

NT036U, a Boeing T27-22, serial mmber 18328 manufactured June 3, 1965,
had accurmlated a total of 611 hours 29/ flyzng time when ithe accaident
occurred. A numbered maintenance check éi/ was performed 125 hours hefore
the accident and a service check-ig/ was completed 16 hours before the
acecadent. An en route servace inspection was conducted before takeoff from
laGuardia. During the en route inspection a check was made for lightning
damage and the No. 1 tire was inspected to insure 1t was suitable for
gervice. These items were checked because of verbal couments received from
the deplaning crew, No lighthing damage was found and the tire was found
suitable for service.

There were no discrepancles written up in the log sheet by the inbound
crew but there were three deferred discrepancies on the log. These in-
volved an inoperative circuat breaker pasnel light, the passenger cabin air
mixing valve, and reset button in the buffet. The inbound crew stated
that aside from the deferred i1tems there was nothing wrong with the air-
craft. According to the aircraft logs and the inbound crew's statements

the aircraft was airworthy at the time of departure from LaGuardia.

;9/ A1l aireraft and prlot times are reported to the nearest whole hour.
11/ Inspections performed at no more than 525 hour intervals.
;2/ Conducted every 125 hours.
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A review of the aircraft records revealed g number of pilot writeups
regarding the autopllot. In summation, the complaints were that the auto-
pilot was trimming for pateh attitude, but the stabilizer did not trim to
make a correction. T%e out-of-trim light on early B-T27 asircraft had a
delay relay which was set for two seconds, in the eircuat. If the elevator
held a piteh correction signal for more than two seconds, the out-of-trim
light 1lluminated until the stabilazer corrected for tram. None of the
writeups reflected any difficulty with contrel of the amircraft. A total of
geven pitch channel assemblies were removed to answer these pilot complaints
and five of them were bench checked and found to be satisfactory. The last
writeup on the autopilot was cleared at Los Angeles on August 15, 1965 and no
further entries regarding it were found in the aarcraft records.

The aircraft was serviced with 2,4&3 gallons of aviation kerosene which
gave 1t a totel of approximately 4,950 gallons of fuel aboard before taxi-out.
The total aircraft weight was 123,013 pounds and the c.g. was computed to be
26,2 percent MAC, within the limits specified for this operation.

The aircraft was equipped with three Pratt and Whaitney JT8D-1 engines.
T™wo of these engines were 1installed by the manufacturer of the aircraft and
had 610 hours of operastion. The No. 2 engine was installed July 5, 1965, and
had operated a total of 344 hours. None of these engines had been overhauled.

All the airworthiness directives applicable to this aircraft had been

complied with.
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1.7 Meteorological Informetion

The 2200 surface weather chart prepared by the Natronal Meteorological
Center showed a gquasi-stetionary front extending southeastward across Lake
Michigan from near Milwaukee, Wisconsin to near South Bend, Indiana.

The weather at O'Hare, reported at 2120, was an estimated ceiling of
broken clouds at 10,000 feet, visibility seven miles, temperature T2°F, dew
point 68°F, wind from 120 degrees at four knots, and the altimeter setting
was 29.94% 1inches of mercury. At 2100 the Glenview Naval Air Station, Glenview,
I1llainois, reported the weather to be an estimated ceiling of broken clouds at
10,000 feet, visibility 10 miles, temperature Th°F, dew point T0°F, and a
wind from 090° at 6 knots. Thunderstorms were observed by weather radar
located at the Chicago Weather Bureau forecast center but none were in the
area where the accident occurred. There 1s no evadence available to indicate
that UAL 389 flew in any thunderstorms.

The 1834 Peoria radiosonde ascent showed that the air below 23,000 feet
contained alternate layers of stable and conditioneglly unstable air which was
relatively moist at all levels The freezing level was near 14,000 feet m.s.l.

The crew of a B-TOT was flying approximetely 30 miles behind UAL 389 at
FT. 280 as they approached lake Michigan. The capbain of the B-TOT stated that
the descent over the lake was made on instruments from FL 280 until they
descended to 8,000-10,000 feet where they broke out of the clouds 15-20 miles
off shore. ILaight turbulence and areas of precipitation were encountered during
the degcent. The B-TCT crew could see only the lights on shore when they broke
out of the clouds and the captain stated that visibality was "fuzzy and unelear.™
The first officer said he could see the water clearly, 1t was hazy, and the

lights on the shoreline were visible.
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The terminal weather forecast for O'Hare for the period 2100-0300 called
for 10,000 feet broken clouds visibilaty 4 miles 1n smoke.
The company dispatcher at LaGuardia stated that he provided no weather

briefing to the captain of UAL 389, however, a self-help weather briefing /
13

board was available to the crew at LaGuardis and the dispatch representative
at LaGuardia provided the crew with UAL forecasts, sequence weather reports
from Service "A" circuits 8022 and 8025, copies of the John F. Kennédy, Dulles,
and O'Hare forecasts, and a copy of the 1700 jet wands.

The accident occurred in dark, hazy, VFR conditions.

1.8 Aids to Navigation

There were no reported discrepancies to any aids to navigation in usge at
the time of the accadent.

1.¢ Communications

The aireraft was in radio contact wath Chicago Air Traffic Controllers
with no reported discrepancies.

1.10 Aerodrome and Ground Facilities

Not involved in this accident.

1.31 Flight Recorder

NTO36U was equipped with a Fairchild Waste King Model 542h flight data
recorder 8/N 1740 installed July 17, 1965. Service Bulletin No. 159 requiring
the installation of protective plates to prevent damage to the recording medaum

in the event of an accident, had been accomplaished. The top and side cover,

1;/ The dispatcher for this flight was physically located in Chicage and had
a delegated representative who signed the clearance in the dispatcher's
name and provided service to the crew on the dispatcher's behalf.
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recovered as one piece, and the rear cover of the recorder were the only
portions recovered. None of the recording medium, an Inconel (stainless
steel wath high nickel content) tape has been recovered. The two portions
of' the recorder case were recovered in two locations within the main wreckage
area.
1.12 Wreckage

The main wreckage area was located on September 2, 1965, and the center
plotted as 87°27' 56" Wedt - L42°15' 02" North. Several thousand pounds of
floating materaal were recovered from the lake in the three days following
the accident but little else until the discovery of the main wreckage area.
Recovery operations were discontinued December 21, 1965, with approximately
82 percent of the wreckage by weight, and all occupants of the aircraft
recovered.

Search and recovery operations were resumed June 17, 1966, and terminated
September 25, 1966. Particular emphasis was given to the recovery of the flight
recorder, the flight recorder tape, and the missing portions of the No. 3 engine.
No flight recorder parts or tape were recovered during this search. One small
prece of an engine case was recovered with a small section of flange mounting
and case splice attached., Approximately 1,500 pounds of additional wreckage was
recovered, consisting mostly of wing skin and small fuselage parts.

Included in the floating wreckage recovered in the first three days were
honeycomb material from the outboard ailerons, trailing edge flaps, and
spoilers, portions of the fiberglass tail cone, passenger seats, and seat
cushions. The wreckage rewovered from the lake bottom inecluded fthe main portion

of the empennage, the landing gears, portions of all entrance doors, three of
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the four emergency exit windows, portions of the engine cowls of all three
engines, portions of the fuselage from the radcome to the empennage, and
portions of both wings with parts of their attached components ineluding both
wing tips. All or part of all major components including control surfaces
were recovered.

Following recovery of the Nos. 1 and 2 engines and portions of No. 3,
the engines were disassembled and inspected, Both Nos., 1 and 2 were relatively
1ntact but badly damaged although the damage to No. 1 was less severe.

Fxaminalion of the No. 1 engine revealed that there were no sigus of
operationel distress or overtemperature operation. The bearings and lubrication
system showed no evidence of prewmpact farlure or inadequate lubracation., The
turbine sectzon had evidence of rotational rubbing on both rotating and fixed
components. The front compressor drive shaft was intact and had no perceptible
twasting. However, there was a measurable runout EE/ of the shaft which varied
from .003 inch at the No. 4 1/2 bearing loeation %o 1.295 inches forward of
the splines. A number of compressor blades on the front and rear compressors
were bent opposite the direction of robation and there was damage on the leading
edges of many compressor blades and trailing edges of many stator vanes., Damage
to the trailing edge of the stator vanes was in the direclion of rotation.
There was no evidence of operational dastress in the combustion chambers or
combustron chamber inner cases, The fairst stage nozzle guide vanes showed
laittle evidence of foreign object damage but there were light aluminum splatters
on the vanes. The fuel manifold was pressure checked and exhibited no evidence

of fuel leaks. The clamshell doors were just out of the "open,” forward

thrust position.

;&/ Runout 1s measurable bending of the shaft along 1ts longitudanal exas,
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The No. 2 engine was recovered with the fan section and the first two
compressor stages separated from the rest of the engine. The front accessery
drive was not recovered. The recovered compressor blades of these stages were
bent opposite the direction of rotation and the stators were bent and damaged
in the direction of rotation. The majority of the compressor blades in the
remainder of the front compressor, through the sixth stage, were bent opposite
to rotation and the stators bent in the direction of rotation. There was no
evidence of inadequate lubrication found in the engine. There was damage to
the seventh through the twelfth stage stators on the trailing edges, in the
direction of rotation. There was foreign object damage to the leading and
trailing edges of the thirteenth stage stators. The compressor blades of the
rear compressor were bent opposite rotation and showed some tip rub damage.
There was no evidence of heat distortlion or uncontrolled burning in the
combustion chamber assemblies. There was no evidence of overtemperature in
the nozzle guide vanes. The front compressor turbine draive shaft was separated
at a point 53.5 ainches from the forward face of the second stage turbine disk
mounting flange. The break spiralled at an approximate 45-degree angle to the
longitudinal axis of the shaft. The shaft was bent forward of the No. 4
1/2 bearing. The first thkree turbine stages showed mmnor rotational damage.
There was no evidence of operaticnal distress in the turbine sectaion.

The fan inlet case assembly of the No. 3 engine inlet guide vanes remaining
in the case were bent 1n the direction of rotation and six of them were broken
on the hub end The front compressor front hub and blade assembly was recovered
with most of the blades attached. The blades were twisted and bent opposite the
direction of rotation There was nc evidence of operational distress on the hub.

The recovered stator vanes of the first stage were bent opposite the direction



- 16 -
of rotation and separated from the inner support. Approximately 50 percent
of the second stage compressor blades of the front compressor were bent
opposite to the directlon of rotation. The remainder of the hlades were bent
aft. The third stage compressor disk was recovered separately with three
compressor blades attached, These blades were hent 20-30 degrees in a direction
opposite to rotatron., The face of the disk was severely rubbed.

The recovered fuel boost pumps, valves, and fuel system components showed
no evidence of malfunetion or operational distress. There was no evidence of
fire or overpressure in the fuel system plumbing except the sooting of two
pleces. One was a section of fuel dump tubing and a connector assembly wath
sections of tubing attached. In the fuel dump tubing, sooting was seen cver
deformed areas, and in the connector, an area of deformed tubing pulled away
from the inside dismeter of the connector was not sooted, leaving a clearly
defined line corresponding to the area that 1s normally under the connector.
Approximstely T5 sections and fragments of other fuel system tubing and tank
structure were recovered and exhibited no evidence of fire, explosion, or

electrical arcing.

1|0Pent1

The Nos. 2 and 3 thrust reverser clam shell doors were an the
(forwerd thrust positions), and the Nos. 2 and 3 reverser lockout actuators
were in the locked position. The directional control valve rocker arm of the
No. 1 engine was bent outboard and broken off. The thrust reverser followup
can was free and the directional control valve could be operated manually.

The thrust reverser control cam was 1n a position to have erther the cam roller
or the directional valve control in the reverse position. When the broken

sections of the control arm were matched, the control valve was 1n the reverse

thrust position.
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Several pieces of gir distribution and air conditioning ducting were
recovered. This ducting was installed overhead in the fuselzge area.
There was no scot or fire damage on these pieces of ducting. Both engine
bleed air valves were found in the open positaion. The components which
make up the cabin pressure control were recovered. The rate of e¢limb indi-
cator was 1intact in the panel but the pointer was detached from the shaft.
The differential pressure gauge was 1ntact, The caban altitude pointer
was on 30,000 feet and the cabin differential pointer was set at approxa-
mately 6.3 psi. The automatic cabain controller was recovered intact with
the cabain altitude pointer on 1,000 feet. The rate selector knob was
turned to "decrease" and the barometric setting in the window was 29.29.
The setting of the flight altitude and maximum differential in the window
was between 24,000-25,000 feet. The manual cabin pressure control pointer
was 1n the center of the automatic range. Only the top covers of the two
outflow valves were recovered.

The automatic prlot control panel was recovered with the mode selector
switch in manual, the integrated command knob slightly left of center in
the turn mode and neutral in the pitch mode, the aileron and elevator

" and

engage switches in a mid-positron between "engage' and "disengage,'
the altitude hold switch "off."

The automatic pilot stabilizer trim servo assembly was tested and no
discrepancies were found., The left and right elevator position and trim

sensors were bench-checked and found to be 0.6° and 3.4° off zero,

respectively.
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The No. 1 VHF communicabions receiver and control selector were
found tuned to 129.35 mes., an ARINC (company radlo) frequency for
Chicago. The No. 2 VOHF communication control selector was found set at
119.0 mes., the frequency of the O'Rare Approach Control on which the
flaght hed been communicataing., The No. 2 receiver was not recovered.

The recovered wirang of the essential electrical power panel had no
evidence of overheating, arcing, or burning. Exsmination of the three
main engine generator feed cables and the male portions of the Nos. 1 and
3 generator connectors revealed no evidence of arcaing, overheating, sooting,
or burning. The generator control panel switches were set for normal
operation. The essential power switch wae set for the No. 3 engine,
normal for UAL, and the No. 3 engine bus tie relay was in the "closed"
(normal) posaition. The two constant speed drive units recovered from the
Nos. 2 and 3 engines were found in the connected position. The electrical
actuator for tail skid positioning was extended approximately 3 inches
which corresponds to the skid retracted position.

Examination of the flight control systems showed the sileron com-
ponents were damaged with the aileron centering mechanism in neutral
(centered). The aileron power control unit and linkage were intact,
although broken away from the structure. The mechanical linkage was in a
5 degree left aileron down position. The power unit was separated from
the mechanical umit and the broken ends of the cable strands were necked

down in the area of separation. The aileron trim indicator cable drum
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was 1n the neutral position. The elevator centering spring assembly was
in the center position and could be moved to contact both stops. While
the elevator control linkage was damaged, there was no evidence of pre-
impact distress or failure. The elevator feel computer and feel contrecl
units were functionally tested and met all test requarements. The
horazontal stabilizer jackscrew was examned and the "B" dimension be-
tween the stops measured at 5-3/4 inches. This 1s equivalent to 0.5 units
of aircraft nose up tram. The stabilizer trim brake assembly was recovered
but the drive sprocket, brake release arm and mounting flanges were not
recovered., The left hand stabilizer brake stop pawl and attached spring
cartridge were found in an overcenter position against the case. This
pawl 18 deslgned Lo stop stabilizer movement in the aircraft nose up
direction. In this position the pawl was beyond the designed 1imit of

1ts travel and could not function as a brake or stop device. The gta-
bilizer trim brake system 1s actuated by operation of either pilotts
control column to stop stabilizer out-of-trim motion  Should a runaway
stabilizer cause a pitch in an unvanted direction, moving either prlot's
control column 1n the opposile direction will stop the gtabilazer from
further movement in the cut-of-trim directicn, but will permit movement

in the opposate direction. A measurement was taken of the control stand
stabilizer traim jack assembly and 1.7 ainches existed between the trunicn
and the nut assembly. This rg equavalent to 1.25 units aircraft nose down.
The hydraulic power units ofihe ailerons, rudder and elevators were re-

covered and tested. The gileron power control unit pessed the functional
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test. During the testing of the upper rudder power units 1t was determined
that the linear position transducer slide was not free to move resulting in
an over-tolerance of the phase log test, No other discrepancies were noted.
Testing of the elevator power control units showed no discrepancies except
that the transducer output voltage was low and the autopilot override velocity
timing was silow.,

Testing of the ten flight spoiller actuators revealed that the Nos. L and
> and Nos. 10 and 11 units dad not pass a cold soak test. Further, the
internal paston of the No. 10 actuator was broken and when power was applied
the actuator went to the extended position.

The leading edge slat selector valve was recovered with the slide assembly
1n the retracted position and the No. 3 left hand slat actuating cylinder was
found wath the piston rod locked in the retraect position.

The electrical stabilizer trim actuator wes tested to stall torgue
specafications of 600-650 inch pounds 1n clockwise and counter clockwise
directions. The umrt stalled at 480 ineh pounds clockwise and 456 inch pounds
counter clockwise, Both the main stabilizer and autopilot eruise trim switches
were found in the "on" positaon.

Two attitude indicators were recovered. One showed evidence of a Th-degree
right bank and the cther of 53-degree left bank. The second indicator showed
a piteh attitude of approximately 5 degrees nose up. A master heading
indicator was recovered and displayed a heading of 260 degrees on a test stand
with a selected course of 251 degrees. Both automatic direction finding
recelvers were recovered, One was found set at approximately 390 kes. and the

other at approximately T80 kes. The mode selector was in the loop position.
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A VHF navigational receiver was recovered set at 3113.0 mes., the frequency of
the Northbrook VORTAC north of Q'Hare Airport.

The first officer's altimeter was recovered with a barometric setting
between 29.91 and 26.92., There are two three-pointer type altimeters installed
in the cockpit, one on each palot's instrument panel. These altimeters have
three concentrically mounted pointers, coded in length and shape. The long
pointer indicates 100's of feet, the short, stubby, roughly dizmond-shaped
pointer indacates 1,00C's of feet, and the shortest pointer, with a short cross
bar, indicates 10,000's of feet. The 100's pointer makes one complete revolution
per 1,000 feet of altitude change, the 1,000's pointer mekes one complete revo-
Iuticn per 10,000 feet of altitude change, and the 10,000's pointer makes cne
complete revolution per 100,000 feet of altitude change. The 10,000 feet
pointer 1s paanted on a rotating plate which has a slot cut arocund part of
1ts civcumference and a wedge-shaped cutout on the face of the plate approxi-
mately 90 degrees to the left of the pointer. The two cutouts are arranged
so that at zero elevation the wedge exposes a black and white hash marked area
and the circumferential cutout exposes a black background on the instrument
face As the altimeter 1s taken to higher altitudes the plate rotates clock-
wise gradually exposing a white arc to the left of the 10,000 feet pointer and
gradually covering up the hash mark area. AL an altitude of approximately
16,000 feet the hash mark area 1s completely covered and the white arc 1s
exposed to a point approximately halfway tetween the Nos. 1 and 2 on the face
of the altimeter As the altimeter 1s taken further up in sltitude more of
the white arc 1s expcsed  As the aircraft descends the situation 1s reversed
and the white arc i1s gradually covered up and at approximately 16,000 feet the
hash marked area 1g again brought intc view. For examples of altimeter presen-

tatiors see Attachment #2
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The two altimeters are served by separate static sources and there is
no way in which the information on one altimeter can be displayed on the
other. Any error that occurs in one system cannot be displayed on the other
instrument thus providing a continuing cross-check capability for the crew.
A review of the aircraft records revealed no history of altimeter malfunctions
or problens.

1.13 Fare

A majority of the witnesses reported an explosion and fire on or Just
above the horizon over Lake Michigan. Those witnesses nearest the accident,
on ships in the area, reported the tame of the explosion at about 2120,
Several pieces of floating wreckage were recovered which exhibited smoke
2nd soot discoloration particularly on the broken edges. While there was a
fire and explosion on impact with the water, there 1s no evidence of a fire
in flight.

Both engine fire extinguisher bottles were recovered with the discharge
discs intact. Three fire extinguishers installed an the cockpit and cabin
were recovered The charging cartridge in a water type extinguisher was not
discharged, A dry chemical extinguisher was still charged and a functional
test revealed that 1t operated properly. A COp extanguisher was recovered
1n & damaged condation and could not be discharged.

1.14 Survival Aspects

This was a non-survivable accident. Pathological and toxicological
examinations of the f£light crew revealed no evidence of pre-impact in-

capacitation nor was there any evidence of foul play.
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A speciml investigation was conducted at New York to review the pre-
takeoff actaivities of the crew and passengers and the activities of the
ground servacing personnel. No evidence was discovered whieh could be
related to this accadent.

1.15 Tests and Research

As a part of this and other B-T727 investigations a special study group

reviewed the flight characteristics and applicable aerodynamic date of the

15/

of the pilots response to the question "have you ever experienced altimeter

B-T27. One of the areas of investigation of this study was an evaluation
lag or sticking, particularly after descent from high altitude, at high rate,
with aircraft cold soaked and entering weather conditions of high moisture

' The affirmative comments on altimeter

content at the lower altitudes.’
sticking or jumping which were received in reply to this question were
associated wath altitudes above 20,000 feet. None of the pilots questioned
reported any difficulty with erroneous altimeter readings at eltitudes below
20,000 feet,

This group also reviewed the pilot training program with regard to
information disseminated to the flight crews regarding the flight charac-
teristics of the aircraft. The results of this study disclosed no evidence
of any design or performance deficiency and pilots were generally pleased
with the flight characteristics of the aircraft and they had experienced no
major difficulties in the operation of the aircraft. All of The air carrier

training and operations manuals reviewed stressed the fact that high rates of

descent close to the surface of the earth should be avoided.

15/ Bxhibit No. 12-A, SA-387, AAL B-T2T accident near Constance, Kentucky,
November 8, 1965.
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In addition to the above study, a revaew of Mechanical Reliabilaty
Reports on the B-T27 was conducted to determine if there was any discernible
trend in reports of statle system problems or instrument problems traceable
to the static system. No history of static systems or instrument problems
was found.

Because of the failure of some of the speed brake asctuators to pass a
post-accident cold soak test, the history of spoller melfunctions in the
B-T72T7 fleet was reviewed. Tt wes found that when spoilers malfunctioned and
the esctuators would not pass a cold soek test, the problem appeared as a
far1lure of some of the spoilers to extend when the speed brakes were selected
to the extended positicn. This failure to extend resulted in unwanted rolling
of the aircraft but wes found to be controllgble by the pilots. It was also
noted that this problem only appesred at the hagh altitudes and was not
reported at lower levels where an unwanted roll might be more hazardous.

As a part of this investigatlon a review of research on altimeter reading
problems was conducted. There zre some fifty studies relating to the various
altimeter systems of presenting information to pilcts which have been conducted
since 194T7. One of the most recent studies completed by the Naval Research
Iaboratory, Washington, D. C, }é/ wag conducted to determine the relative
effectiveness of various altimeter displays. These investigations, consisted
aof laboratory research et WRL and flaght test et a nearby ngval air facilaty,
were 1n support of a Department of Defense program. Four types of altimeter
presentations, the counter-pointer (CP), counter-drum-pointer (CDP), drum-

pointer (DP) and three pointer (3P) were compared in a series of laboratory

16/ NRL Report 6242, Altimeter Display Evaluation, Final Report, Jan. 26, 1965.
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experiments measuring reading time and accuracy wrth both palots and non-
flying enlisted men. The same instruments were also compared by the pilots
in flight, using the questionnaire technigque to elicat pilet judgments.
The results of the various phases of laboratory research showed that the
three-pointer altimeter congistently ranked poorest. The pilot preference
in the flight tests was overwhelmihgly in favor of one of the other types of
altimeter. In all objective measurements taken, the three-pointer altimeter
ranked the poorest among the instruments tested. The finding that the three-
pointer was poorest proved to be statistically reliasble in every study in
which tests of statistical significance were spplied. In a preceding part
of this study EI/ the mean exposure time and number of errors on each alti-
meter was recorded for the twe test groups, one consisting of pilots, and
the other of non-pilot enlisted men. In 1080 readings of the four altimeters
by 18 pilots the mean exposure time 1n seconds was 0.8C for the CP, 0.84 for
the CDP, 1.38 for the DP, and 2.28 for+<the 3P. The number of reading errors
was T for the CP, 14 for the CDP, 26 for the DP, and 80 for the 3P. The
same data collected during %20 reading trials using T non-pilot enlisted men
resulted in mean exposure times of 0.85 for the CP, 0.86 for the CDP, 1.50
for the DP, and 2.93 for the 3P. The number of errors by this group were
5 for the CP, 2 for the CDP, 10 for the DP, and 52 for the 3P. The mean
nunber of errors made on each altimeter for pilots was 0.39 CP, 0.78 CDP,

1.44 DP, and k.44 3P, and for enlisted men 0.7l CP, 0.29 CDP, 1.43 DP, and

7.3 3P,

17/ TRL Report 6232, An Experimental Evaluation of Four Types of Altimeters
Usang Both Palct and Enlisted Men subject, December 18, 196k,
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2. ANATYSIS AND CONCLUSIONS

2.1 Anslysis

A review of the aveilsble evidence has eliminated all causal areas
other than those involving the operation of the airersft. No evidence was
found that would indicate other than normel operation of the powerplants
and systems at the time of impact. There is no evidence that will support
a finding of sabotage, flight crew incapacitetion, or any malfunction of
the aarcraft.

There is no indication that the weather played any part in this
accident. The weather observed and reported by the U. S. Weather Bureau
and the crew of the B-TOT aircraft that was operating behind UAL 389
revealed that the weather was suitable for this type of operation. The
only possible problem the weather may have presented was limited visi-
bilaty, but there 1s no evidence to indicate that after descending through
the clouds, the flight was required to operate in less than VFR westher
condations. Iaght airframe i1cing could have occurred in the descent down
to about 13,000 feet however, this should have had no effect on the safe
operation of the flight. The thunderstorm activity in the area was all to
the north of the aircraft's flaghtpaeth and there is no indicetion of other
than light turbulence during the latter part of the flight.

The damage to the structure indicated the aireraft struck the water
slaghtly nose up, wath e slight right-wang-down attitude. The breakup of
the fuselage and wings was extensive with the ares below the caban floor
fragmented, and little of this area was recovered. The wreckage pattern

indicetes the aireraft struck the water on & heading of approximately 256
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degrees magnetic, and the slight right-wing-down attitude caused the wing to
dig in and rotate the aircraft to the raght as it broke up. Damage to the
right wing was more extensive than to the left and the leading edge devaices
received considerable damage, much more so than the leading edge devices on
the left wing. The fractures on the horizontal stabilizers had a downwerd com-
ponent indicating forces which overloaded the spars, resulting in a complete
failure., All the fractures examined were caused by gross overlcads and there
was no evidence of pre-impact damage or fatigue.

The aircraft's mass, the rate of descent of the aircraft, eand the hydrau-
lic action of the water caused the destruction of the lower portion of the
fuselage and started the failure of the No. 2 engine mounts, Immediately
after the initial xmpact the forward lower section of the airframe and the
lower wing surfaces struck the water., The amount of destruction to the air-
frame 1indicated a high rate of speed. The distortion of the engine tubing
attached to the No. 3 engine strut attests to the fact that the engine
separated from the strut in a forward and downward directron. The location of
the recovered components of this engine indicates separation of the engine at
the time of initial impact or immediately thereafter. The separation of the
engine this early in the accident sequence explains i1ts severe disintegration

The separation of the No. 1 engine was 1n an outward and rearward directiocn
based on fracture examination and the engine's location in the wreckage area.
It dad not separate at i1nitial impact but rather after the sircraft started {o
rotate to the right,.

Portions of all the control surfaces and trim tabs were in the recovered
wreckage. There was no evidence of unusual wear, distress, or pre-impact mal-

function an any of the contrel system components recovered.
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There was no evidence of an inflaght fire or explosion. Only a few
small pieces of wreckage were recovered with scot or smoke discoloration.

This condition was caused by exposure to burning fuel on the water after
impact.,

The aircraft was in a clean flight configuration with the landing gear,
trailing edge flaps, leading edge devices, and the speed brakes retracted,
and all structural components were capable of normal operation prior to
impact with the water.

The No. 1 engine was the least severely damaged of the three i1nstalled.
While the bending of compressor and turbine blades opposite the direction of
rotation indicates that the engine was rotating at impact with the water, the
condition of the compressor turbine draive shaft, with no noticeable twisting,
indicates that deceleration rate was lower than that of the other two engines.
The bending of the shaft dndicates that there was a considerable side load
imposed on the engine when 1t struck the water. There was no evidence of any
lubrication defaciency or bearing operational distress that would have impeded
normal engine rotataiocn, There was no evidence of any pre-ampact failure,
overtemperature operation, or structural failure of this engine before impact.

The No. 2 engine was rotating at a higher speed than No., 1 when No., 2
struck the water. This is evidenced by the more severe bending of the compressor
and turbine blades in a direction opposite to rotation as well ag the twisting
fractures of the two compressor drive shafts. There is no evidence of structural
failure of the basic engine componenhts pricr to impact with the water, nor is
there any evidence of lubrication or bearing distress. There 1s no evidence of

an overtemperature condation exaisting an the engine prior to the accident.
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Examination of the fragments of the No. 3 engine that were recovered
indicates that the engine was rotating at the time of impact., While there
1s a possibality of an inflaght catastrophic problem wath this engine, there
18 no evadence such as fire damege or shrapnel dsmege to the recovered
portions of the engire cowling to support this possibilaty. Catestrophic
engine failures ordinarily make themselves known through fire demsge and
puncture damage to the surrounding structure and the engine cowling. Also,
the crew was conducting a radio conversatlon with aspproach control untal
jJust before the accident and geve no indication thet any problem existed
with the airceraft or any of 1ts systems,

Examination of the fuel boost pumps revealed no evidence of fire, over~
heating or other operationsl distress. The fuel velves were found in the
positions prescribed by the cerrier for normal flight operation. One piece
of the recovered fuel system evidenced some soot or smoke damage but the rest
of the system was free of any evidence of fire., This sooting was probebly
the result of the explosion thet occurred on impact.

The thrust reversers were found to have been in the forward thrust,
normal flight position, at impsct. While the No. 1 thrust reverser doors
were slightly out of the forward thrust position when recovered, this was
Judged to have been the result of impact damage.

There 1s no evidence on which we can base a finding of engine failure
before impact. All three engines were operating when the aircraft struck the
water. Based on the relative damage to the compressor blades of the Nos. 2 and
3 enganes they were operating at a higher rotational velocity than No. 1. Thas

further supports the theory that the aircraft was right-wing-down at initial
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impact and the RPM of the No, 1 engine had time to be reduced more than
the other two englines before No. 1 hit the water. The fuel system valve
positions indicate that no intentional shutdown of any engine was anitiated
by the crew. Finally, there i1s no evidence of intentionsl or inadvertent
thrust reversal in flight.

The recovered elr conditloning ducting revealed no evidence of fire
or smoke. The pressurization switch and velve positions were those established
for normal operation and both bleed alr velves were open. In the event of
fire, the checklist requires these valves be closed, as is also required in
the event of a pressurization emergency.

While there had been a hlstory of autopilot writeups, the discrepencles
were not of such = nature as to affect the control of the aircraft, but were
rather & nuisance to flight crews. The only effect this problem would exhibit
to the crew would heve been & stabllizer out-of-trim light being "On".

There was no evidence found to indleate any pre-existing malfunction or
problem wath the electricel system. The only burn damage found on wire
insulstion 18 sttributed %o the flash fire which occurred after impact. There
was no evidence of overheating, arcing, or any unususl eppearance resulting
from a melfunction of the electricel system. The generator control swltches
were recovered set in the positions preseribed by the carrier for normal flight
operation.

The only discrepancy found in the flight control system that could not
be attributed solely to impact damage was the condition of the stsbilazer
breke pawl. The position in which 1t was found mede it useless as a brake

device. This pawl is designed to prevent unwanted aircreft nose up movement
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of the stabilizer. Because the pawl is located in such a position as to
be protected from damage during impact a possibility exasts that the crew
actuated the pawl to stop an unwanted nose up maneuver of the aireraft.
It 18 also possible that the crew initiated an aireraft nose up maneuver
Just praor to impact and that impact forces csused a subsequent movement
of the control column that activated the stebilizer brake and displaced the
pawl. However, the position of the stabilizer jack screw in a 0.5 unit air-
craft nose up at impact would aindicete the pawl position waes probably the
resuit of 1mpact. The low torque of the stabilizer tram actuator and the
failure of the four flight spoilers to pass & cold soak test are not consid-
ered to be in causal relationship to this accident. The worst possible result
of this situation would be one or more spoilers failing to extend when selected
to the extended position. This would cause an unexXpected and unwanted roll
condition. However, the evidence indicates that the spoilers were in the down
or retracted position at iwmpact and thus an unwanted roll probably was not a
problem to the crew. Furthermore, the review of pilot reports of spoiler daffi-
culties indacated they were & hagh altitude phenomena, The crew of thas flight
indicated no concern an their last radio contact with the approach controller
and were withan 15 seconds of impact at the time of the last transmission. The
crew had already descended below their assigned altitude of 6,000 feet and the
accident was about to occcur. Lastly, the evidence indicates the aircraft
inatially struck the water in a normal descent attitude.

Examination of the recovered components of the hydraulic system reveal no
evidence of pre-impact malfunction. The four anti-icing valves were recovered
1n the closed position which indicates the anki-icing system was "off" at

ampact. One pilot's directional indicator showed that the course selected,
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251 degrees, and the heading of 260 degrees, were in consonance with the inbound
course of 254 and the wreckage distribution direction of 270 degrees.

All the recovered VHF navigation and communications equipment was tuned
for an approach to O'Hare and for communications with Approach Control. The
a1r data computer provided only one piece of meahingful data, ah indicated
air speed of 200-210 knots. This reading was at the time of electrical power
failure sometime after the initial impact with the water. The recovered
altimeter had approximately the proper barometric setting for O'Hare Airport.
It 158 noted however that this setting i1s =lso approximately the setting which
should have been used in cruising flight, 29.92. Furthermore, all altimeter
settings given the crew were within one or two hundreths of the 29.92 setting
and 1t 1s possible the crew did not reset the altimeter because the maximum
difference an indicated altitude would be approximately 30 feet which would
not be significant during a VIR approach and landing, particularly with an
IS glide slope avairlable for the approach.

The investigation of medical records, pathological findangs, and toxico-
logical results revealed nothing indicative of pre-existing disease or inflight
incapacitation of any flight crewmember. Purther, a study of associated
psychophysiological factors such as recent schedules, recent psychological
environment, and miscellaneous background data led to the conclusion that no
physical or emotional imparrment existed in the cases of any of the flight
crewmembers when the aircraft departed New York.

The evidence indicates that the flight from New York to the point where
the descent was imxtiated was normal and routine without any reported discrep-

ancies or difficulties. A review of the air traffic control transcraiptions
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reveals no evidence of any irregulerities or signs of unusual operation
on the part of the crew. The record also indicates that there was no
known or observed traffic that conflicted wath UAT 389 during the period
of 1ts observation on radar inbound from the Pullman VORTAC., Additionally
there were no components of another aireraft in the recovered wreckage nor
were any arrcrait reported missing in the accident area,

The flight's farst descent clearance was 1ssued at 2103 and called for
an 1mmediate descent through FL. 310. Based on the shipboard witness testimony
the i1mpact measured to the lasgt whole minute was at 2120. The pilot reported
leavang 35,000 feet at 2103 and leavaing 28,000 feet at 2108. At 2109 he
reported leaving 26,000. At 2114-36 the SAGE computer reported track number
A 039 to be gt an altitude of approximately 16,500 feet, and finally at
2119,54 SAGE reported track K O4T to be at approxamately 2,000 feet. A%t the
tame this latter altitude was recorded the flight was holding a clearance
which limited 1ts descent to 6,000 feet, Furthermore, the crew was in radio
contact with the approach controller at this time in routine radio transmissions
relating to their approach to the Chicago area. Included in this last trans-
mission was a reference to the latest altimeter setting., Track K O47 as
assessed as being associated with UAL 389 because there was no other kmowm or
observed radar traffic in the area where the track appeared plus i1ts correlation
with track A 039 which 1n turn can be associated waith UAL 389 by comparison
of the ARTCC controller's recollection of the flight path and positions of
UAL 389 over known fixes. Again there was no other known or observed high

altitude traffic that could have appeared in the compubter as this track except

UAL 389.
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A study of the calculated flightpsth of the aircraft using these
points reveals that the flightpath wee well within the normal operating
parameters of a B-T27 making & clean descent when operated in conformance
with UAL's operating procedures and techniques. The resultant flight pro-
file (See Attachment No. 1), shows an average rate of descent from 35,000
feet to the lake level of approximately 2,000 feet per minute. UAL 389 was
cleared from cruising flight at 350 to several lower altitudes; however,
these clearances were given in & manner which precluded the necessity of
leveling the aircraft and holding any one altitude for a period of time.
The descent was continuous and the pointers on the altimeters would have
been i1n continucus motion, meking them more susceptible to misreading.
Upon breaking out of the clouds between 8,000-10,000 feet, the crew's
attention would have been divided between thelr routine duties preparing
for an approach and landing, and maintaining a lockout Tor other traffic.

Additional calculations were performed based on the flight's reports
and the controller's recollection of its locetion at various times. Based
on the extremes of thelr recollection the ground speed of the flight in the
Sturgeon area would have been between 240-300 knots. Using 2k0 lmots a
straight line descent from 2,000 feet m,s.l. would have resulted in an 1mpact
with the water at 2120:38. If the speed were calculeted to be 270 knots the
impact would have been at 2120 27 and 2120:14 for 300 knots. All of these
performances are well within the operating envelope of the aircraft.

If we assume the flight leveled off at 6,000 feet as their clearance
required, and were at 6,000 at the time of their last radio communication with

the appyoach controller, in order to proceed four miles at a speed of 240 kmots
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and strike the water at 2120:38, the aircraft would have to average a
descent rate of 9,430 feet per minute, and arrest it so as to strike the
water 1n a nearly level attitude. This calculation does not ineclude any
tume allowance for initiation or recovery from this steep descent attitude.
Thas was determined to be well outside the operating capabllities of the
arrcraft. Using the higher speeds and earlier impact times the rate of
descent would go up to 15,000 and 30,000 feet per minute while covering
ground commensurate with the aircraft's velocity. Therefore, 1t 1s deter-
mined that the aircraft was below 6,000 feet while conducting the last
radio transmission with approach control.

The statements of the traffic controllers and a review of the SAGE
readout indicate that the aircraft was decelerating as it approached the
Sturgeon Intersection. This action 1s in accord with the speed restrictions
on operating turbojet asircraft in a terminal area.

The statement of the flight crew operating three minutes behind TUAL 389
indicated that the base of the broken cloud deck was approximately 8,000~
10,000 feet m.s.l., and they could see the lights on shore from about 15
miles off shore. They also stated that there was haze in the area and
V151bili£y wag fuzzy and unclear. UAL 389 was descending into an area of
hagh traffic density and the crew may well have directed their attention to
looking for other aircraft after breaking out of the clouds, rather than
descending by use of their flight instruments. Although these considerations
may have taken a majority of the crew's attention outside the cockplit no
reasonable explenation for their failure to level the aircreft at 6,000 feet,

their assigned altitude, can be offered. This 1s particulerly true when one
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considers the fact that the last communication from the flight which ended
at 2120-03 made reference to the altimeter setting.

There has been no evidence recovered to date which will substantiate
any pre-ympact difficulties with the airecraft. The crew was in radic con-
tact wath approach control at a point in time that was about 3-4 miles, or
about one minute away from the accident site, and reported no difficulties
There has been no evidence recovered that will substantiate a finding
regarding a malfunction of the altimeters. In fact, the SAGE altitude data
correlates favorably with the aircraft's reported altitude when such corre-
lation s made n cruising flight. There 1s no history of altimeter problems
in the aircraft's maintenance records and there were no altimeter writeups
reported by the crew that flew the aircraft into New York.

A review of Attachment No. 2 shows the position of the hands of the
altimeter could be misinterpreted under certain operating conditions and
the crew could have misread 6,000 feet to be 16,000 feet. It 1s believed
the first officer was flying the aircraft  The captain's voice was 2dentified
on the air traffie control tapes and 1t 1s a normal custom in air carrier
cperations to have the pilot who 1s not flyang the aircralft make the radio
transmissions. If the captain were looking outside the aircraft for traffaic
or occupied with cockpit duties such as the completion of a checklist, and
the first officer misread the altimeter, this error could escape undetected.
To have such an error occur, however, i1t would be necessary for the pilot or
Palots to fail to see the gradually increasing display of the cross~hatched

warning section of the altimeter and the gradually decreasing display of the
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white arc associated with the 10,000 feet pointer. This possibility as

supplemented by the literature available regarding the various investigations

of the readabilaty of the three pointer altimeter which indicates 1t 18 the

most susceptible to misreading of any of four types presently ain use 1n

commercial aviation. Therefore, the Board believes that the crew for

reasons unknown allowed the aircraft to descend below the assigned altitude

of 6,000 feet and ultimately crashed into the water.

2.2 CONCLUSIONS

A. Pindings

1.

The known medical information concerning the £light crewmenbers
18 not indicative of any pre-existing disease or inflight in-
capacitation.

Post mortem examinations indicate that there i1s no evidence of
incapacitation or pre-impact injury to the crew.

There 18 no evidence of any system failure prior to impaect.

The aircraft was approximately on the correct inbound course.
The cockpit VIF redio controls were set in a manner appro=-
priate for a descent and approach to O'Hare.

The recovered altimeter had a setting that could have introduced
an error of approxamately 20 feet in the instrument reading.
Based on the adentification of the captains voice on the ATC
recording tape and common custom and practice in commercial
aviation, 1t 1s believed the first officer was flying the air-
craft.

The SAGE altitude reports referred to UAL 389 and recorded the
altitude of the flaght at 2119:54k as 2,000 feet with an accuracy

of plus 500 - minus 1,000 feet.
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11.
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13.

1k,

15.

16.

17.

18.

19.
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The air data computer provides an indication of 200-210 knots
at the time of electrical power interruption.
There was no major mechanical feilure of the Nos. 1 and 2 engines
before impact.
There 15 no evidence of a mejor mechanical failure in the forward
fan section, forward bearing, or lubricatron system of the No. 3
engine,
The rotational speeds of Nos. 2 and 3 were higher than No. 1 at
engine impact.
The fuel system revealed no evidence of an intentional engine
shutdown by the crew.
There 15 no evidence of thrust reversal inflight.
The aircraft was in a clean flight configuration at impact. The
landaing gear, trailing edge devices, leading edge devices, and
speed brakes were fully retracted.
All structural components were capable of normal operation prior
to impact.
There was no evidence in the recovered engine cowling and
surrounding structure to indicate that anything had been ejected
through the engine cowlings prior o impact.
There was no evidence of inflight explosion. The only fire that
oceurred durang this accadent was the flash fire which accompanied
the impact with the water.

The aircraft's fire extinguisher system was not used.
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22.

23.
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25.
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Weather was not a causal factor in this accident,
The ai1r traffic control handling of this flight was routine.
There was no evidence of any distress or inflaight difficulties
on the reccorded transmission from the crew.
The aarcraft made a continuous descent at an average rate of
approximately 2,000 feet per minute from 35,000 feet to 1mpact
with the water.
The flight was cleared to descend to and maintain 6,000 feet.
At the time of the last radic communication wath approach con-
trol, the aircraft had descended through 6,000 feet and was at
an altitude of approximately 1,000-2,500 feet m.s.l. This 1s
approxumately 500 to 2,000 feet above the water.

The impact wath the water occurred between 2120 and 2121,

B. Probable Cause

The Board is unable to determine the reason for the aircraft not beang

leveled off at 1ts assigned altitude of 6,000 feet.
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ATTACHMENT 1

CALCULATED DESCENT UAL FLIGHT 389
(THOLANES) August 16, 1965
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Setting (without parallax)

Baro 29 92
Alt 35,000

ATTACHMENT 2

Setting (without parallax)

Baro 29.915
Alt 16,000

Camera lens 34 from dal

22° above and

15° to left of altimeter axis

Setting (without parallax)

Baro 29 915
Alt 6.000

Setting (without parallax)

Baro 29 915
Alt 571




