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3 _sY NOPSIS

An Eastern Air Lines Lockheed L-1011 crashed at 2342 eastern
standard time,. December 29, 1972, approximateiy 18 miles west-
orthwest of Miami International Airport, Miami, Florida. The air-
craft was destroyed. There were 163 passengers and a crew of 13
aboard the aircraft; 94 passengers and 5 crewmembers received fatal.
injuries. All other occupants received injuries- which ranged in severity
from minor to critical.

The flight diverted from its approach to Miami International Airport
because the nose landing gear position indicating system of the aircraft
did not indicate that the nose gear was locked in the down position. The
aircraft climbed to 2, OCO feet mean sea level and followed a clearance to
proceed west from the airport at that altitude. During this time, the
crew attempted to correct the malfunction and to determine whether or
not the nose landing gear was extended.

The aircraft crashed into the Everglades shortly after being cleared
by Miami Approach Control for a left turn back to Miami International
Airport. Surviving passengers and crewmembers stated that the flight
was routine and operated normally befor,é impact with the ground.

The National Transportation Safety Board determines that the
probable cause of this accident was the failure®f the flight crew to
monitor the flight instruments during the final 4 minutes of flight, and
to detect an unexpected descent soon enough.-to prevent impact with the
ground. Preoccupation with a malfunction of the nose landing gear
position indicating system distracted the crew attention from the

instruments and allowed the descent to go unnoticed.
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As a result of the investigation of this accident, the Safety Board~
has made recommendations to the Administrator of the Federal Aviation

Administration.
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I. INVESTIGATION

1. 1 History of the Flight

Eastern Air Lines, Inc., Lockheed L- 1011, N31 OEA, operating as
Flight 401 (EAL 401), was a scheduled passenger flight from the John F.
- enne y -International Airport (JFK), Jamaica, New York, to the Miami
International Airport (MIA ), Miami, Florida.

On December 29, 1972, the flight departed from ‘JFK at 2120 l-/with

. 143 passengers and 13 crewmembers on board and was cleared to MIA

in accordance with an instrument flight rules flight plan.

The flight was uneventful until the approach to .MIA., The landing
gear handle was placed in the “down” position during the preparation
for landing, and the green light, which would have* indicated to the flight-
crew that the nose landing gear was fully extended and locked, failed to
illuminate. The captain recycled the landing gear, but the green light
still failed to illuminate. )

At 2334:05, EAL 401 called the MIA tower and stated, “Ah, towerﬁ";
this is Eastern, ah, four zero one, it looks like weYe gonna have to i
circle; we dont have a light on our nose gear yet. "

At 2334:14, the tower advised, “Eastern four oh one heavy, roger,
pull up, climb straight ahead to two thousand, go back to approach con-
trol, one twenty eight six. '

o4
At 2334:21, the flight acknowledged, “Okay, going up-to two
thousand, one twenty eight six. "

At 2335:09, EAL 401 contacted MIA approach control and reported,
“All right, ah, approach control, Eastern four zero one, we¥e right
over the airport here and climbing to two thousand feet, in fact, weVve
just reached two thousand feet and weVve got to get a green light on our
nose gear. "

At 2335:20, approach control acknowledged the flights transmission
and instructed EAL 401 to maintain 2, 000 feet mean sea level and turn
to a heading of 360° magnetic.. -The new heading was acknowledged by
EAL 401 at 2335:28.

_1_/ All times herein are eastern standard, based on the 24-hour clock.

b
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At 2336:04, the captain instructed the first officer, who was flying

the aircraft, to engage the autopilot. The first officer acknowledged

the instruction.

At 2336:27, MIA approach control requested, “Eastern four oh one,
turn left heading three zero zero.” EAL 401 acknowledged the request

and complied.

The first officer successfully removed the nose gear light lens
assembly, but it jammed when he attempted to replace it.

At 2337:08, the captain instructed the secopd officer to enter the
forward electronics bay, below the Tight deck, to check visually the ‘.
alignment of the nose gear indices. .2_

At 2337:24, a downward vertical acceleration transient of 0. 04 g
caused the aircraft to descend 100 feet; the loss in altitude was arrested

by a pitchup input.

At 2337:48, approach control requested the flight to turn left to a
heading of 270° magnetic. EAL 401 acknowledged the request and turned

to the new heading.

. Meanwhile, the flightcrew continued their attempts to free the nose .
gear position light lens from its retainer, without success. At 2338:34
the captain again directed the second officer to descend into the forward
electronics bay and check the alignment of the nose gear indices.‘;‘ji\‘&v\/

At 2338:46, EAL 401 called MIA approach control and said, “Eastern
4
four oh one?ll go ah, out west just a little further if we can here and, ah,
see if we can get this light to come on here. '' MIA approach control

granted the request.

From 2338:56 until 2341:05, the captain and the first officer dis-
cussed the faulty nose gear position light lens assembly and how it
might have been reinserted incorrectly.

At 2340:38, a half-second C-chord, which indicated a deviation of

~ + 250 feet from_ the selected altitude, sounded in the cockpit. o crew-

member commented on the C-chord. No pitch change to correct for the

L = - -

loss of altitude was recorded..-

—— .-

\/_Z_/Pmper nose-gear extension is indicated by the physical alignment of

two rods on the landing gear linkage. With the nose wheelwell light

illuminated, these rods may be viewed by means of an optical sight
which is located in the forward electronics bay, just forward of the

nose wheelwell,

\

-r
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Shortly after 2341, the second officer raised his head into the
cockpit and stated, “l cant see it, its pitch dark and I throw the
little light, 1 get, ah, nothing. "

The flightcrew and an Eastern Air Lines maintenance specialist
who was occupying the forward observer seat then discussed the oper-
ation of the nose wheelwell light. Afterward, the specialist went into
the electronics bay to assist the second officer.

At 2341:40, MIA approach control asked, “Eastern, ah, four oh
one how are things comin” along out there? "

an altitude reading of 900 feet in the EAL 401 alphanumeric data block

on his radar display. The controller testified that he contacted EAL

401 because the flight was nearing the airspace boundary within his

jurisdiction.” He further stated that he had no doubt at that moment

about the safety of the aircraftt Momentary deviations in altitude in-
: formation on the radar display, he said, are not uncommon; and more
than one scan on the display would be required to verify a deviation

. requiring controller action.

[ This query was made a few seconds after the MIA controller noted

At 2341:44, EAL.401 replied to the controllers query with, “Okay,
. wed like to turn” around and come, come back in, ' and at 2341:47,
approach control granted the request with; “Eastern four oh one turn

left heading one eight zero. "' EAL 401 acknowledged and started the
turn.

At 2342:05, the first officer said, “We did something to the altitude."
—~— e ——
The captain® reply was, “What? "

At 2342:07, the first officer asked, "We're still at two thousand,

\/ right? '"" and the captain immediately exclaimed, “Hey, what% happening
- here? "
i vie.
At 2342:10, the first of six radio altimeter warning “beep” sounds

began; they ceased immediately before the sound of the initial ground
impact.

At 2342:12, while the aircraft was in a left bank of 289, it crashed
into the Everglades at a point-.18. 7 statute miles west-northwest of
MIA (latitude 25°52' N., longitude 80°36' W.). The aircraft was
destroyed by the impact.

Local weather at the time of the accident.was clear, with un-
\; restricted visibility. The accident occurred in darkness, and there
"~ was no Moon.

e e s o = S
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Two ground witnesses had observed the aircraft shortly before
impact to be at an altitude that appeared low.

1.2 Injuries to Persons

Injuries Crew Passengers Other_
Fatal 5 94 0
Nonfatal é% 10* 67 0
None 0 0

*Includes two nonrevenue passengers, one occupying an observer seat
in the cockpit and the other seated in the,first-class section of the cabin.

The accident survivors sustained various injuries; the most preva-
lent were fractures of the ribs, spine, pelvis, and lower extremities.
Fourteen persons had various degrees of burns; Seventeen persons
received only minor injuries and did not require hospitalization:

Post-mortem examination of the captain revealed a tumor which
emanated from the right side of-the tentorium in the cranial cavity.
The tumor displaced and thinned the adjacent right occipital lobe of the
brain. The lesser portion of this meningioma extended downward into
the superior-portion of the right'cerebellar hemisphere. “The tumor” .
measured 4. 3 centimeters laterally, 5. 7 centimeters vertically, and
4. 0 centimeters in an anterior-posterior direction.

14

1.3 Damage to Aircraft

The aircraft was destroyed.

1.4 Other Damage

None.

_3/ One nonrevenue passenger and one other passenger succumbed to
their injuries more'tha';_l 7 days subsequent to the accident. 14 CFK
430, section 430. 2, féquireé'that these deaths be classified herein
as “nonfatal. "



1. 5 Crew Information __ _ ___ .

THe captain, the first officer, and the second officer were certifi-
cated to serve as crewmembers for thls fl|ght (See Appendix B for
detailed information. )’ : - I . :

An Eastern Air Lines L-101 1 maintenance specialist, one of the
two nonrevenue passengers, occupied the forward observer seat during

the flight from JFK.

1. 6- Aircraft Information-

: ~The Lockheed L- 1011,” serial No.- N310EA, was operated by
-.Eastarn Air Lines; Inc. The aircraft was certxflcated “equipped, and
; ‘maintained in accordance* with Federal Aviation- Admm1strat10n (FAA)

-’requlrements (See Appendix C for detaxled mformatmn.')“ o

- I A

1. 7 Meteorological Information

“The official surface weather observations&-: MIA be"ore ‘and after
“the tlme of the accident Wwere, in part as follows T o )

‘u P = P

2253 - 2, 500 feet scatte'r'ed,':'-;;\ri'sibil';t‘y;1"0 miles. ..
temperature 72° F., dew point 59° F. w1r}d 080o at
7 knots,  altimeter settlng 30. 20 mches ;

2350 - %, 500 feet scattered, visibility 10 mile*s,
temperature 72° F., dew ooint 59° F.  wind 080° at
8 knots, altimeter setting 30. 19 inches. ’

1.8 Aids to Navigation

- The flight path of the aircraft was being monitored by MIA approach
control.. aide? by the Automated Radar Terminal Service (ARTS-I11l)

equipment.

4/ ARTS-I11 is a System which automatlcally processes the transponder

LT beacon return from all transponder equmped alrcraft Vyrth.lz_'l_ a specific-
" "rangeof theapproach ¢ontrol radareompment The computed data
are selectlvely presented on a data block next to ‘each aircrafts updated
: ‘'position on the air traffic controller 's rada.r d1splay The information

" provided to the controller is a1rcraft 1dent1f1catxon,,. groundspeed in

“ knots, and; when the transponder of the alrcraft be1ng tracked has a

SpeClal MODE C capability; pressure- altitude in 100-foot increments.

FHEY /1
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1. 9 Communications

No difficulties with communications between the flight and the air
traffic control facilities were reported.

1. 10 Aerodrome and Ground Facilities s

Not involved.

1. 11 Flight Recorders

N31 OEA was equipped with a Lockheed Aircraft Service Co. ,
Model. 209, expandable digital flight data recorder system (DFDR),
serial No. 105. This is a new type of recorder which has the capability
to record numerous performance parameters on l1/4-inch magnetic
tape. Recorded data are retrieved and printed out. In this case, 62
parameters were printed out. This large number of performance
parameters provided the investigators a comprehensive and detailed
history of flight. In addition to the normal description of the airspeed,
altitude, heading, and vertical acceleration of the aircraft, availability
of additional data relating to engine thrust, control surface position,
roll angle, pitch attitude, angle of attack, etc., provided the basis for
a comprehensive aerodynamic ®valuation and the basis for the analysis
of the autopilot and autothrottle systems.

The aircraft was also equipped with a Fairchild Model A- 100
Cockpit Voice Recorder (CVR), serial No.3125. The CVR tape was
recovered intact, and a transcription was made of the voices and
sounds commending at the time of the crew? initial call to the MIA
Tower. (See Appendix D for details. )

1.12 Aircraft Wreckage

\f The terrain in the impact area was flat marshland, covered with
soft mud under 6 to 12 inches of water. The elevation at the accident
site was approximately 8 feet above sea level.

The left outer wing structure impacted the ground first; the No. 1
engine,. and then the left main landing gear, followed immediately. The
aircraft disintegrated, scattering wreckage over an area approximately
1,600 feet long and 300 feet-wide. No complete circumferential ¢ ros s -
section remained of the passenger compartment of the fuselage, which
was broken into four main sections and numerous small pieces. The
entire left wing and left stabilizer were demolished. No evidence of in- -
flight structural failure, fire, or explosion was found.
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The nature of the breakup precluded determination, by physical
means, of the integrity of the primary flight control system before
impact. The primary flight control positions were recorded, however,
by the DFDR. These data show that the control columns were in an
aircraft noseup position when the crash occurred. The DFDR record
depicted the spoiler positions as retracted; the three intact spoilers on
the remains of the right wing were found, by inspection, to be retracted.
The wing flap lever in the cockpit was set at 18° flap extension, and the
extension of the inboard jackscrew on the inboard section of the right
wing flap corresponded with that setting. The leading edge slat sections
on the intact portion of the right wing were found fully extended. The
wing flap and leading edge slat positions agreed with the DFDR record.

The landing gear lever was in the geardown position . The right
main landing 4gear, which remained in place, was down and locked.
The left main landing gear and the nose landing gear, along with portions
of their attach structure, were separated from the airplane and were
ext ens ive ly damaged. The nose gear down-and-locked visual indigator
sight and the nose wheelwell service light assembly were both in place
and. operative. The nose gear warning light lens assembly was jammed
in a position that was 90° clockwise to and protruding a quarter of an
inch from its normal position. Both bulbs in the unit were burned out.

Except for the altitude portion of the first officers Air Data
Computer (ADC), both ADC's and the Pitot static instruments operated.
satisfactorily during functional testing. The first officers ADC sus-
tained impact damage, and the altitude sensing portion of the unit could
not be tested. The captain® ADC altitude, true airspeed, and calibrated
airspeed validity flags were monitored by the DFDR. Nofailures were
recorded.

The captain®s and first officers altimeters both indicated approxi-
mately 75 feet below sea level. The readings on the captain*% airspeed
and vertical speed indicators were 198 knots and 3, 010 feet per minute
down. The readings on the first officers airspeed and vertical speed
indicators were 197 knots and 2,950 feet per minute down. The captain®
radio altimeter was set for a decision height of 30 feet, whereas the first
officers radio altimeter was set for 51 feet. The radio altimeter aural
tone, which sounds during descent at 50 feet above the selected decision
height, was recorded on the CVR 2 seconds before impact.

Functional tests of the captains and first officers attitude director
indicators revealed that both units were capable of satisfactory operation.



the DEFDR. The record showed that the EPR values of the Nos. 1, 2,
" and 3 engine were 1. 083, 1. 073, and 1. 066, respectively,. at the time

- 10 -

The two autopilot-engage switches and the two flight director
system select switches were found in the “off” position. An altitude
of 2, 000 feet was found selected in the altitude select window. The
heading select window showed a. 180° heading selection. The vertical
speed window showed a descent of 2,500 feet per minute.

Preimpact malfunction was not evident in the examination of the
aircraft hydraulic and electrical systems. Until the aircraft crashed,
the DFDR recorded proper operation by the various controls and instru-
ments which used hydraulic and electrical power.

The No. 1 engine separated from its attach structure and came
to rest near its point ofinitial impact. The No. 2 engine remained in
place, and was relatively undamaged. The No. 3 engine separated
from its attach structure and came to rest near the remains of the right
wing. All engines showed evidence of leading edge damage to the fan
blades, breakage of the low-pressure (LP) fan blades, or blade bending
in a direction opposite to the engine rotation. All of the LP fan discs
were intact and secured; operational distress was not evident. The
engine pressure ratio (EPR) values of each engine were recorded by

1t 4a

of ground impact.
1. 13 Fire

There was no evidence of in-flight fire or explosion. After impact,
a flash fire developed from sprayed fuel. Some of the burning fuel

penetrated the cabin area, causing 14 passengers to suffer various degrees

of burns on exposed body surfaces.

1. 14 Survival Aspects

The search for the aircraft and the initial rescue efforts were
coordinated by the United States Coast Guard, which was notified of
the accident by Miami tower controllers. Helicopters were airborne
almost immediately from the Coast Guard station at Opa Locka, Florida.
The crash site was located about 15 to 20 minutes later. Despite the

‘total darkness and the swampy condition of the site, as well as the

relative remoteness of one group of survivors from another, rescue
efforts were started immediately and were completed approximately
4 hours later, Sixty-eight survivors were airlifted to local hospitals.
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Most of the survivors were located in the vicinity of the cockp'it
area, the midcabin service area, the overwing area, and the empennage
section; these sections were located at the far end of the wreckage path.
In contrast, most fatalities were found in the center of the crash path.
Crushing injuries to the chest were the predominant causes of death.

1. 15 Tests and Research

Performance tests were conducted at Miami on January 7, 1973,
using the Eastern Air Lines L-1 011 simulator, and on January 9, 1973,
using an L- 1011 test aircraft. Before the flight tests, the computers
(except the roll computers) from the accident aircrafts Avionic Flight
i Control System (AFCS), and a new flight data recorder were installed
in the test aircraft.

In addition to the tests in Miami, the Safety Board organized an
Aircraft Performance Group at the Lockheed-California Company,
Palmdale, California, to analyze the aerodynamic characteristics of
the Lockheed L-1011 in relation to the flight performance characteristics
of the accident aircraft. The DFDR and the CVR readouts from the
Miami test aircraft were used by the group in the comparative analysis.,

This group also conducted a collateral study of the aircrafts autopilot
and autothrottle systems, based on normal operation, to determine if
they were operational during the final moments of Flight 401. This
investigation d’xs/cgsed«the—fo fiowing: e T g -

e T =

C The accident flightpath was consistent with the established \

aerodynamic characteristics of the L- 1011 2

—

2. The autopilot was engaged at various times during the
flight, and was in the control wheel steering (CWS) pitch
mode during the last 288 seconds of the flight.

3. The autothrottle system was not in use during the final
descent.

The AFCS computers were checked for operation. The computers
for pitch control and autothrottle were found operative. Subsequent flight
tests of the computers in the test aircraft simulating the flightpath of
Flight 401 were satisfactory. '

Autoflight engage switches, altitude select controls, and speed
control system selectors in the AFCS also checked satisfactory. The
autopilot pitch control servo that interfaces the autopilot with the pri-'
mary flight controls likewise was bench tested with satisfactory results.
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The throttle control servo in the speed control system and the
throttle clutch system were tested, and no discrepancies were uncovered.

~

The air data computers and the associated indicators were found
to function satisfactorily.

The CVR showed that the radio altimeters were operating at the
time the aircraft impacted the ground.

1. 16 Other Information

The Lockheed L-1011 Avionic Flight Control System is composed
of four major subsystems: the autopilot flight director system, the yaw
stability augmentation system, the speed control system, and the flight
control electronics system.

" The autopilot flight director system (APFDS), which provides
autopilot and flight-director pitch and steering commands, has two
roll and two pitch computers. One set is designated the “A” system

and the other. the '"B'' system.

. - -The "A" system relates to autopilot “A” and to the flight director
. on the captain® side; the 'B'' system relates to autopilot ""B'" and to
the flight director on the first officers side. Each pitch and roll corn-
Pputer has- a dual channel with a self-monitoring capability. -Both autoZ
pilots cannot be operated simultaneously, except in the autoland mode.
T'he function and operation of the autopilot are displayed on the captain’
and the first officers panels through AFCS warning and AFCS mode
annunicators. The APFDS engage panel, the Nos. 1 and 2 VHF navi-
gat ion panels, the autothrottle system panel, the heading and pitch
mode panel, a navigation mode panel, and the altitude select panel
are all located on the glare shield; they are the means by which the
various functions of the AFCS are selected.

The basic mode of autopilot system operation is control wheel
steering, In this mode of operation, the autopilot provides attitude
stabilization with attitude changes effected by the application of light
. forces to the control wheel by the crew.

The autopilot, when eng&aged ina command mode of operation,
will provide total control of the aircraft in accordance .with selected
heading,. pitch, or navigational system inputs. In this mode of oper-
ation, the autopilot signals are derived from various computers and
sensors in the integrated avionics flight control system.
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When operating in any mode, the selected heading or pitch '
command function may be disengaged by an overriding 15-pound force ‘.\

applied to the respective, i. e. , lateral aor pitch, control system through
the control wheel. If the force is applied to the pitch control system,
only pitch axis control will be effected, reverting to the basic attitude
stabilization mode of operation. If the force is applied to the roll control

system, the autopilot engage lever will revert to the CWS position.

The autopilot may be completely disengaged by moving the engage
lever to “OFF” or by operating a button switch on either control wheel.
An additional safety feature is incorporated into the autopilot design by
limiting the control wheel induced force such that a pilot may at any
time manually override autopilot signals.

The altitude hold mode of operation is unique in that, although it
is a command function, it may be engaged when the autopilot is selected
to provide either basic CWS or Command operation. When altitude hold
is selected, the autopilot provides pitch signals to maintain the altitude
existing at the time of engagement. As described, pilot-applied pitch
forces on the control wheel will cause disengagement of the altitude
hold function, reverting the autopilot pitch channel to attitude stabili-
zation sensitive to control wheel inputs. The autopilot engagement lever
will, how ever, remain in the previously selected position, i. e., either
‘CWS or Command. It is possible, therefore, to disengage altitude hold
without an accompanying '"CMD DISC” warning appearing on the captain
or first officer annunciator panels. The normal indications of such an
occurrence would be only the extinguishing of the altitude mode select
light on the glate shield and the disappearance of the "ALT' annunci-
ation on both annunciator panels.

The two pitch computers in N310EA were not matched. The pitch
override force required to disengage the altitude hold function in com-
puter “A” was 15 pounds, whereas in computer '""B'" it was 20 pounds.
As a result of the mismatch, it would be possible, with the "A' auto-
pilot system engaged, to disengage the “A” XFCS computer, but not the
"B" AFCS computer. In this situation, the altitude mode select light
would remain on, the "ALT' indication on the captain® annunciator
panel would go out, and the same indication on the first officers
annunciator panel would remain on, which would give the first officer
the erroneous indication that the autopilot was engagedin the altitude
hold mode.

i
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2. ANALYSIS AND CONCLUSIONS

2.1 Analysis

It was concluded from the investigation and the data obtained
from tests, that the aircraft powerplants, airframe, electrical and -
Pitot static instruments, flight controls, and hydraulic and electrical
! systems were not factors contributing to this accident.

Investigation of the Air Traffic Control responsibilities in this
accident revealed another instance where the ARTS Ill system con-
ceivably could have aided the approach controller in his ability to detect
an altitude deviation of a transponder-equipped aircraft, analyze the
situation, and take timely action in an effort to assist the flightcrew.

In this instance, the controller, after noticing on*his radar that the

alphanumeric block representing Flight 401 indicated an altitude of 900
j feet, immediately queried the flight.-as to its progress. An immediate

positive response from the flightcrew, and the knowledge that the
ARTS 11l equipment, at times, indicates incorrect information for up

to three scans, led the controller to believe that Flight 401 was in no
i immediate danger. The controller continued with his responsibilities i
' to the five other flights within his jurisdiction.

The Board recognizes that the ARTS 11l system was not designed”’
to provide terrain clearance information and that the FAA has no proce-
dures which require the controller to provide such a service. However,
it would appear that everyone in the overall aircraft control system has
an inherent réspongibﬂity to alert others to apparent hazardous situations,
even though it is not his primary duty to effect the corrective action.

The destruction of the fuselage, with the possible exception of the
cockpit area, was to such an extent that the generally accepted factors
which affect occupant survivability could not be applied. Survivability
in accidents generally is determined by these factors: a relatively intact
environment for the occupants, crash forces which do not exceed the
limits of human tolerance, adequate occupant restraints, and sufficient
escape provisions. A useful distinction may, therefore, be made
between impact survival and postcrash survival. Impact survival implies
that the crash forces generated by the impact were of a nature which did
not exceed the limits of the occupant® structural environment nor the
occupants physiological limits. Postcrash survival is determined by
the occupants successful escape from his environment before conditions
become intolerable as a result of fire, water immersion, or other
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postcrash conditions. This requires nonincapacitation and adequate
exit provisions.

From the above, it is evident that two important factors affecting
impact survival were exceeded in this accident: loss of environmental
protection and loss of restraint. The injuries of most of the fatalities
can be attributed directly to these factors. Therefore, de3spite the fact
that 77 occupants survived, the Board cannot place this accident in the
survivable category.

The high survival rate is difficult to explain. The location of
the majority of survivors near the 9darger fuselage sections would in-
dicate that they remained with these sections until the velocity was
considerably reduced or until these sections came to a stop. Although
the fuselage shell was torn away, thereby exposing the occupants to
external hazards, the fuselage structure apparently did not impinge
on these survivors. The Board believes, therefore, that the 76 cabin
occupants survived because either their seats remained attached to
large floor sections or the occupants were thrown ciear of the wreckage
at considerably reduced velocities.

A final survival factor which deserves attention is the design of
the passenger seats in this aircraft. These seats incorporated energy
absorbers in the support structure. Additionally, in contrast with the
conventional floor tiedown arrangement of aircraft seats, each of the
seat units in this aircraft was bolted to a platform, which in turn was
fitted to tracks attached to basic aircraft structure. It was noted that
many of the seat units remained attached to these platforms and that
failures occurred because the basic aircraft structure was compromised,
rather than the platform attachments. Although many seat leg failures
also were noted, these failures occurred because forces were applied in
an aft direction; the seats are stressed to withstand much lower loads
in the aft direction than in a forward direction. In fact, the Federal
Aviation Regulations do not have a stress requirement in the aft direction
for aircraft seats. The Board is of the opinion that the design of the
passenger seats in this aircraft materially contributed to the survival
of many occupants.

The thrust of the investigation was focused on ascertaining the
reasons for the unexpected descerit. The areas considered were:
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1. Subtle incapacitation of the pilot.
2. The autoflight system operation.
3. Flightcrew training.
4. Flightcrew distractions.

Subtle incapacitation had to be considered in view of the finding of
a tumor in the cranial cavity of the captain. The medical examiner sug-
gested that the space-occupying lesion could have affected the captain’
vision particularly where peripheral vision was concerned. Additionally,
in the public hearing held in connection with this accident, expert testi-
mony revealed that the onset of this type of tumor is slow enough to
_‘allow. an individual to adapt, by compensation, to the lack of peripheral
vision so that neither he nor other close associates would be aware of
any changed behavior. It was also noted that the extent of peripheral
vision loss, .in this case, could not be predicated with any degree of
accuracy on its size and location in the cranial cavity.

It was hypothesized that if the captain® peripheral vision was *
severely impaired, he might not have detected movements in the
altimeter<and vertical speed indicators- while he watched the first =
officer remove and replace the npse gear light lens. However, the :
captain’ family,. close friends,and fellow pilots advised that he showed
no signs of visual difficulties in the performance of his duties and in ~
other activities requiring peripheral vision. In the absence of any
indications to thercontrary, the Board believes that the presence of
this tumor in the captain was not a causal factor in this accident.

In considering the use of the autoflight system, it was noted that
the go-around was flown manually by the first officer until 2336:04
when the captain ordered engagement of the autopilot. The affirmative
reply by the first officer implies that the autopilot was engaged at this
time. Verification of such action‘was provided by the aircraft per-
formance group analysis of the DFDR readout which showed pitch control
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surface motions indicative of autopilot control in either altitude hold

or pitch Cws. _§/ Which of the autopilots was engaged, i. e., sy s tem
“A” or system "B,'" could not be determined. Testimony by pilots at

the public hearing indicated that the first officer would have probably
engaged system '"B' to the command position with the altitude hold and
heading select functions selected, in accordance with general practices.
At the same time, the first officer probably selected 2, 000 feet into

the altitude select/alert panel.

At approximately 2337, some 288 seconds prior to impact, the
DFDR readout indicates a vertical accs:leration transient of 0. 04 ¢
causing a 200-f. p. m. rate of descent. For a pilot to induce such a
transient, he would have to intentionally or inadvertently disengage
the altitude hold function. It is conceivable that such a transient
could have been produced by an inadvertent action on the part of the
pilot which caused a force to be applied to the control column. Such
a force would have been sufficient to disengage the altitude hold mode.
It was noted that the pitch transient occurred at the same time the
captain commented to the second officer to “Get down there and see if
the . . . nose wheels down. ' If the captain had applied a force to the
control wheel while turning to talk to the second officer, the altitude
hold function might have been accidentally disengaged! Such an
occurrence could have been evident to both the captain and first officer
by the change on the annunciator panel and the extinguishing of the
altitude mode select light. - If-autopilot system “A” were engaged,
however, the discrepancy in the disengage force comparators, i. e.,

__5_/ It was concluded that the autopilot was engaged at various times
throughout the flight from JFK. A complete mode assessment
summary for the pertinent portions of the 27-minute period preceding
impact is contained in Appendix G. In attempts to distinguish between
autopilot “ON” and “OFF, ' considerable reliance was placed on DFDR
data which showed the ratio between pilot and copilot control cable system
input motion in the roll axis, since the ratio varies between manual
and autopilot operation. This characteristic of the L- 1011 lateral
control system, verified by ground and flight tests, was used to dis-
tinguish between autopilot “ON” and “OFF” whenever there was
appreciable roll activity. , During lateral maneuvering with CWS,
this ratio becomes less dkfinitive, and, although autopilot “OX”” and
“OFF” status can be determined, positive identification of the selected
mode becomes more difficult
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the mismatch between computers “A” and “B'* would become a
significant factor in this analysis. Because of this mismatch and

the system design, a force eserted on the captain*% control wheel

in excess of 15 pounds, but less than 20 pounds, could result in dis-
engagement of the altitude hold function without the occurrence of a
corresponding indication of the first officers annunciator panel.

This would lead to a situation in which the first officer, unaware
that altitude hold had been disengaged, would not be alerted to the
aircraft altitude deviation. If the autopilot system ''B'' was engaged,
as is believed to have happened, such a situation could not have
occurred since a force in excess of 20 pounds would have been required
to disengage the altitude hold function and both annunciator panels
would have indicated correctly. Therefore, the Board concludes that
the mismatched pitch computers in the autoflight system were not a
critical factor in this accident.

However, it is significant that recognition of the aforementioned
100-foot loss took 30 seconds after the 0. 04 g pitch transient occurred,
and after a heading change was requested by approach control. The
DFDR readout indicates a 0. 9° pitchup maneuver coincident with a
change of heading. It was concluded from the DFDR analysis of lateral
control system motions that the heading select mode was used for the
last 255 seconds of flight to control the aircraft to a heading of 270°.
Since selection of the new heading would have required action by the
first officer, which included attention to the autopilot control panel,
it is reasonable to assume that he” should have been aware of the
selected heading select functions at this time. It is also reasonable
to assume that the autopilot was set up to provide pitch attitude stabili-
zation sensitive to control wheel inputs and heading select, wherein
lateral guidance signals were provided to achieve and maintain the
270° heading.

AT Y
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In the pitch attitude stabilization mode, the aircraft will respond
to intentional or unintentional movements of the control wheel. Further-
more, while the aircraft is operating in this mode, the effect of aircraft
thrust changes, without compensating pitch attitude control inputs, will
be directly related to changes in vertical sp¥eed.

e e A e W

A series of reductions in power began 160 seconds before impact.
The power reductions and slight nosedown pitch control movements to-
gether were responsible for the unrecognized .’dé,s\,:ént' which followed.
Extensive flight testing and simulation studié"s;._of N310EA's entire
Speed Control System (SCS) {autothrottle) were conducted to identify the
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reason for the series of reductions in thrust during the last few
minutes of the flight. Thrust reductions generated by the N310EA
autothrottle components installed in the test aircraft were dissimilar
to those reductions recorded on the DFDR from the accident aircraft.
In one series of flight tests, the autothrottle speed reference was
set to 175 knots indicated airspeed (IAS),and a descent rate of 200
feet per minute was established. The airspeed was maintained to
within + 3 knots of the reference speed by the SCS, until the auta-
throttle authority limits were reached (flight idle thrust}. Such
control during the flight of N30l1EA was not evident; a 15-knot increase
in airspeed did occur,“with throttle authority still available. Com-
parison of the autothrottle system simulation data with Flight 401%
airspeed and acceleration data confirmed that the throttles would
have been retarded to the flight idle position relatively quickly.

Reference to the DFDR shows that power on the No. 3 engine
was inc reas ed slightly, 1 minute before reduction of power on the
Nos. 2 and 3 engines (the initiation of the descent profile). This is
a normal manual adjustment typically made by a pilot, and cannot
be accomplished by the autothrottle system. Additionally, the speed
found set on the autothrottle selector dial was 160 knots, a speed
well below that attained or maintained during the last 4 minutes of
flight.

An indication that the throttles were not retarded by a properly
operating autothrottle system is the sequence in which the power was
reduced. The first power reduction occurred on the Nos. 2 and 3
engines 160 seconds before impact. In the second reduction, the
power on the No. 1 engine was matched with the power on the Nos. 2
and 3 engines. Finally, the power on the No. 1 engine was retarded
for more than 10 seconds before reduction of power in the two other
engines. The throttles were clutched together and driven simultaneously
by one servo. If the autothrottle system was “on, ' only intermittent
and random failures in the clutch system would have produced
asymmetrical reduction of power similar to that typical of manual
throttle movement. Since the autothrottle system of N310EA was
found to have been functional, the Board does not believe that this
system was involved in the reduction of thrust.

Another explanation of the thrust reductions would seem to be
one of two alternatives -- either an inadvertent or an intentional action
by one or both of the pilots. The captain might have inadvertently
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bumped the throttles with his right arm when he leaned over the
control pedestal to assist the first officer. Similarly, the first
officers left arm might have accidentally bumped the throttles
while he was occupied with the nose gear indicating system.
Because the EPR reductions reflected by the DFDR do even out,

at times, one of the pilots might have noted an uneven EPR display
(which usually accompanies movement of a throttle), and his re-
action might have been to reposition the throttle without reference
to the flight instruments.

The other alternative is that one of the pilots intentionally
reduced thrust power when he noted that the speed of the aircraft
was exceeding the desired speed (160~ 170 knots) for the flight
i regime involved. The intentional adjustment, similarly, most prob-
i ably was made with reference to the airspeed indicators only. If

i the crew relied on the autoflight system to maintain the aircraft

i altitude, it is conceivable that a correction in airspeed might have

i been made without reference to other instruments. Of the two

i possibilities, the Board believes that the throttles were intentionally
‘}‘ retarded by one or both of the pilots.

Regardless of the way in which the status of the autoflight
system was indicated to the flightcrew, or the manner in which the
thrust reduction occurred, the flight instruments (altimeters,
vertical speed indicators, airspeed indicators, pitch attitude indi-
cators, and the autopilot vertical speed selector) would have indi-
cated abnormally for a level-flight condition. Together with the
altitude-alerting, 1/2-second, C-chord signal, the flight instrument
indications should have alerted the crew to the undesired descent.

The throttle reductions and control column force inputs which
were made by the crew, and which caused the aircraft to descend,
+ suggest that crewmembers were not aware of the low force gradient
A input required to effect a change in aircraft attitude while in CWS.
1 i The Board learned that this lack of knowledge about the capabilities
&y of the new autopilot was not limited to the flightcrew of Flight 401.
] Pilot training and autopilot operational policies were studied exten-

i% sively during the field phase of the investigation, and were discussed,
,:“'

at great length, in the public hearing connected with this accident.
Although formal training provided adequate opportunity to become
familiar with this new concept of aircraft control, operational

% . experience with the autopilot was limited by company policy. Com-
pany operational procedures-did not permit operation of the aircraft
4 in CWS; they required all operations to be conducted in the command

modes. This restriction might have compromised the ability of

- s
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pilots to use and understand the unique CWS feature of the new
autopilot .

However, the Board believes that the present Eastern Air
Lines training program is adequate but is in need of more frequent
quality control progress checks of the student during the ground
school phase of the training and an early operational proficiency
followup check in the flight simulator after the pilot has flown the
L-1011 in scheduled passenger service.

Another problem concerns the new automatic systems which
are coming into service with newer aircraft and being added to
older aircraft. Flightcrews become more reliant upon the function-
ing of sophisticated avionics systems, and their associated automation] I
to fly the airplane. This is increasingly so as the reliability of such ‘
equipment improves. Basic control of the aircraft and supervision
of the flights progress by instrument indications diminish as other
more pressing tasks in the cockpit attract attention because of the
overreliance on such automatic equipment.

Pilots” testimony indicated that dependence on the reliability .
and capability of the autopilot is actually greater than anticipated ing , -
its early design and its certification. This is particularly true in VAt
the cruise phase of flight. However, in this phase of flight, the
autopilot is not designed to remain correctly and safely operational,
without performance degradation, after a significant failure occurs.

In any event, good pilot practices and company training dictate:
that one pilot will monitor the progress of the aircraft at all times
and under all circumstances.

The Board is aware of the distractions that can interrupt the
routine of flight. Such distractions usually do not affect other flight
requirements because of their short duration or their routine
integration into the flying task, However, the following took place
in this accident:

1. The approach and landing routine was interrupted by an
abnormal gear indication.

+ 2. The aircraft was flown to a safe altitude, and the autopilot
was engaged to reduce workload, hut positive delegation of
aircraft control was not accomplished.



/ - 22 -

3. The nose gear position light lens assembly was removed
and incorrectly reinstalled.

4, The first officer became preoccupied with his attempts
to remove the jammed light assembly.

5. The captain divided his attention between attempts to help
the first officer and orders to other crewmembers to try
other approaches to the problem.

6. The flightcrew devoted approximately 4 minutes to the
distraction, with minimal regard for other flight
requirements.

It is obvious that this accident, as well as others, was not the
final consequence of a single error, but was the cumulative result of
several minor deviations from normal operating procedures which
triggered a sequence of events with disastrous results.

2.2 Conclusions

(a) Findings

1. The crew was trained, qualified, and certificated for
the operation.

2. The aircraft was certificated, equipped, and maintained
in accordance with applicable regulations.

N& There was no failure or malfunction of the structure,
powerplants, systems, or components of the aircraft
before impact, except that both bulbs in the nose landing
gear position indicating system were burned out.

4. The aircraft struck the ground in a 28° left bank with
a high rate of sink.

5. There was no fire until the integrity of the left wing
fuel tanks was destroyed after the impact.

6. The tumor in the cranial cavity of the captain did not
contribute to the accident.
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The autopilot was utilized in basic CWS.
!
The flightcrew was unaware of the low force gradient |
|

input required to effect a change in aircraft attitude
while in C WS |

A
by

The company training program met the requirements
of the Federal Aviation Administration.

The three flight crewmembers were preoccupied in an
attempt to ascertain the position of the nose landing !

f
gear.

The second officer, followed later by the jump seat
occupant, went into the forward electronics bay to
check the nose gear down position indices.

The second officer was unable visually to determine
the position of the nose gear. 3 Zzf

The flightcrew did not hear the aura! altitude alert
which sounded as the aircraft descended through
1, 750 feet m. s. 1.

There were several manual thrust reductions during
the final descent. :

The speed control system did not affect the reduction
in thrust.

The flightcrew did not monitor the flight instruments
during the final descent until seconds before impact. i

The captain failed to assure that a pilot was monitoring
the progress of the aircraft at all times.

(b) Probable Cause

The National Transportation Safety Board determines that the
probable cause of this accident was the failure of the flightcrew to
monitor the flight instruments during the final 4 minutes of flight, and
to detect an unexpected descent soon enough to prevent impact with the
ground. Preoccupation with a malfunction of, the nose landing gear
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position indicating system distracted the crews attention from the
instruments and allowed the descent to go unnoticed.

3. RECOMMENDATIONS

As a result of the investigation of this accident, the Safety Board
on April 23, 1973, submitted three recommendations (A-73-1 1 through
13) to the Administrator of the Federal Aviation Administration: -Copies
of the recommendation letter and the Administrator» response thereto

y are included in Appendix H.

Recommendations concerning the crash survival aspects of this
accident have been combined with those of two other recent accidents
and were submitted to the FAA on June 15, 1973. (See Appendix I.)

The Board further recommends that the Federal Aviation
Administration:

Review the AEiTé 11l program for the possible develop-
ment of procedures to aid flightcrews when marked deviations
in altitude are noticed by an Air Traffic Controller. {(Recom-
mendation A-73-46. )

The Board is aware of the present rulemaking proceedings initiated

by the Flight Standards Service on April 18 concerning the required in-
stallation of Ground Proximity Warning Devices. However, in view of
this accident and of previous recommendations on this subject made by

this Board, we urge that the Federal Aviation Administration expedite
its rulemaking proceedings.

xer IR
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-BY THE NATIONAL TRANSPORTATION SAFETY BOARD

/s/ JOHN H. REED
Chairman

Vol

/s/ FRANCIS H. McADAMS
Member

/s/ LOUIS M. THAYER
Member

/s/ 1SABEL A. BURGESS
' Member

/s/ WILLIAM R. HALEY
Member

June 14, 1973
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APPENDIX A

INVESTIGATION AND HEARING

1. Investigation

The National Transportation Safety Board received notification of
the accident at 0025 eastern standard time on December 30, 1972, from
the Federal Aviation Administration. An investigation team was dis-
patched immediately to the scene. Investigative groups w