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€.  SUMMARY

On September 8, 1994, at 1904 Eastern Daylight time USAir
flight 427, a Boeing 737-300, N513AU, crashed while maneuvering
to land at Pittsburgh International Airport (PIT), Pittsburgh,
Pennsylvania. The airplane was being operated on an instrument
flight rules (IFR) flight plan under the provisions of Title 14,
Code of Federal Regulation (CFR), Part 121, on a regularly
scheduled flight from Chicago-0O'Hare International Airport,
Chicago, Illinois, to Pittsburgh. The airplane was destroyed by
impact forces and fire near Aliquippa, Pennsylvania. All 132
persons on board the airplane were fatally injured.

D. DETATILS OF INVESTIGATION

This report continues the documentation of the Human
Performance Group, Group Chairman's Factual Report of
Investigation, Third Addendum, dated October 27, 1995,

1. Pilot interviews related to rudder-input incidents.

The Human Performance Group conducted group telephcne
interviews of two B-737 captains who experienced emergencies
invelving unexpected rudder input during the landing phase, as a
result of the medical incapacitation of the first officer.
Attachment 1 to this report provides a summary of the interview
of Captain Gary Higby, while Attachment 2 summarizes the
interview of Captain Don Widman. Attachment 3 ccnsists of a .
company report by Captain Widman three days after his incident,
and Attachment 4 is a description of the incident by Captain
Widman that was published by Flying Magazine.

2. Pilot interviews related to wake turbulence incident.

Malcolm Brenner and Chuck Leonard conducted telephone
interviews of the two B-737 pilots involved in a wake turbulence
incident while landing behind a B-727 airplane that occurred on
February 9, 1996. Attachments 5 and 6 summarize the interviews.

3. Speech analysis.

The NTSB Speech Laboratory conducted a speech analysis on
the audio tape of the cockpit voice recorder (CVR) to obtain
further human performance information. This work is summarized
in a separate report, under preparation.



4. Pilot leg measurement.

According to a family representative, the first officer's
pant leg inseam measurement was 36-37 inches. '

5. Leg length limitations in the seat design.

Attachment 7 is a statement by the Boeing Commercial
Airplane Company concerning pilot leg length limitations in the
use of the B~737 pilot seat.

6. Expanded statement by pathological expert.

Attachment 8 is an expanded statement by David W. Hause,
M.D., whose expert opinion was cited in the Second Addendum
Report.

7. ASRS statement.

Attachment 9 is a statement by Vincent J. Mellone, ASRS
Operations Manager, concerning data information in the ASRS
Structured Callback Report completed for this investigation (and

included in the public docket).

8. Interviews related to the San Pedro Sula incident.

Attachment 10 summarizes interviews conducted by NTSE staff
in connection with the rudder incident experienced by a
Continental Airlines B-737 on April 12, 1994, near San Pedro
Sula, Honduras.

9. Statement by the Interstate Aviation Committee

Attachment 11 is a statement by the Interstate Aviation
Committee (MAC), Moscow, Russia, the government agency
responsible for investigating aviation accidents in the
Commonwealth of Independent States. The statement was prepared
at the request of the Human Performance Group to summarize the
experiences and observations of this agency with accidents
involving uncommanded roll events. Attachment 12 'is an English
translation of this statement prepared under contract to the
NTSB.

———————pp———————_
Malcolm Brenner, Ph.D.

Senior Human Performance Investigator
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ATTACHMENT 1

WITNESS INTERVIEW
Captain Gary Higby
Southwest Airlines

The Human Performance group participated in a telephone
interview of Captain Higby on January 17, 1996. He was the pilot
of a B-737 passenger flight that experienced a control emergency
situation while attempting to land.

Captain Higby was captain of a B-737-300 passenger flight
landing at Oakland International Airport (OAK) at 2300, on March
29, 1994. Weather was 500 feet overcast, five mile visibility in
fog, and wind of about ten knots. It was the first officer’'s
leg. The autopilot was engaged in control wheel steering, flaps
were set at 30 degrees, airspeed was 135 to 140 knots, and the
airplane was at 1500 feet AGL, when "the first officer let out a
blood curdling scream."™ Captain Higby yelled "What's wrong?" and
glanced at him. The first officer was looking outside at the
fog. His eyes were extremely large, and his back was arched so
the captain thought he might have been shocked by the circuit
breakers. The first officer screamed a second time, his back
went rigid, and he clutched at the control column. Captain Higby
thought it was a brain seizure. The captain, who had his feet
positioned close to the rudder pedals, noticed the beginning of a
right roll and felt the left rudder pedal hit his ankle. He put
his feet on the rudder pedals and noticed a displacement of at
least 5 to 6 inches.

The captain, who was 5'8" tall and weighed 175 pounds, was
physically smaller than the first officer (who was about 5°11"
tall and weighted about 200 pounds). The captain disconnected
the autopilot, applied opposite aileron, and physically fought
the first officer for control of the rudder pedals. With
difficulty, he was able to neutralize these contrels. Recalling
military experience in mid-flight refueling, the captain
increased thrust in the right engine and used differential engine
thrust to help him maintain neutral rudder position. He signaled
for a flight attendant. She entered the cockpit, unlatched the
seat belt of the first officer (who was still rigid)}, and the
pressure came off the rudder pedals. The captain recovered at
about 900 feet AGL. Although he had disconnected the autopilot
early in the recovery, he had been too busy to activate the
button a second time to silence the autopilot disconnect warning.

Later, Captain Higby learned that the first officer suffered
a seizure. He had been hallucinating and had no recall of the
incident.

Captain Higby stated that he was startled at the beginning
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of the incident, and estimated that startle delayed his action by
no more than two to three secéonds. He responded instinctively to
right the airplane and did not verbalize his actions. This was
partly because the first officer was impaired and would not
understand his verbalization, and partly because verbalization
would slow down an immediate response. He was concerned with
avoiding hills near the airport and regaining control but was not
concerned about airspace violation.

Captain Higby had 21,500 flight hours at the time of the
incident, with 15,500 hours in B-737 (Models 200, 200, and 500).
He experienced unusual attitude training as a combat pilot in the
U.S. Air Force, and flew aerobatics in general aviation
airplanes. He experienced a previous emergency, seven years
before, when a general aviation airplane intruded on the runway
as his transport flight was landing. The first officer was
flying, and he took control and averted a collision.



ATTACHMENT 2

WITNESS INTERVIEW
Captain Don Widman

The Human Performance group conducted a telephone interview
of Captain Widman on January 16, 1996. He was the pilot of a B-
737 passenger flight that experienced a control emergency during
a landing approach.

Captain Widman's experience occurred on June 11, 1980. It
was described in a company operations report on June 16, 1980,
included as Attachment 3, and in an article published in Flying
magazine in January, 1996, included as Attachment 4. The
interview elaborated some of the information in these documents.

The incident involved a B-737-200 airplane, on final
approach to Cheyenne, Wyoming, in daylight, visual conditions
with the first officer hand flying the approach. Winds were
reported as light and variable, but the pilots observed that dust
was blowing southbound to the north of the airport and northbound
from the south of the airport. Anticipating wind shear
conditions, they elected to fly the approach at 145 knots, 10
knots above the bug speed. Flap setting was probably 30 degrees.

At about 800 feet AGL, the captain observed an increase in
airspeed. At 500-600 feet AGL, the airspeed had climbed to 160
knots and the captain stated that "we are too damned fast." The
first officer did not respond. The captain called for a go-
around, reached for the throttles, and, about this time, the nouse
of the airplane slewed left. The captain glanced at the first
officer and observed that the first officer was not moving and
appeared to be dead. There was an unnatural blue-purple color in
his complexion and his hands were hanging limp.

Captain Widman stated that he responded instinctively to
keep the airplane flying, thinking that the medical
incapacitation of the first officer had somehow brought on the
control problem. He advanced the throttles and input right
aileron, nearly full input. It was not sufficient to correct the
roll, but he was able to maintain a coordinated 45 degree turn
and establish "coordinated" flight. The resulting climbing turn
continued through a 270 degree change in direction and a climb to
1500 feet AGL as the captain cleaned up the airplane
configuration. Though the flight attendants were shaken by the
initial, momentary wildness of the ride, the climb-out itself was
smooth and coordinated. The aircraft was never near stalling
speed.

As soon as the airplane was in a go-around configuration,
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about 30-60 seconds into the incident, the captain summoned a
flight attendant to get oxygen to the first officer. The flight
attendant notified the captain that the first officer's leg was
rigid and locked straight on the left rudder pedal. The first
officer had suffered a seizure, and the rudder pedal was at full
input. The flight attendant moved the first officer's leg off
the rudder, and the captain regained control of the airplane.

Captain Widman said that he was startled at the beginning of
the incident. He flew reflexively, and his motor responses were
sharp and unaffected. However, his ability to analyze was hurt.
He said that he had two problems and his mind was overloaded: he
had an airplane out of controcl, and he had a first officer who
appeared to be dead or dying. It blocked out other concerns, and
he was surprised he did not realize that the rudder was in.
Captain Widman said that he did not know what was causing the
airplane to slew. He did not have a specific memory of trying to
use the rudder, but said it seemed logical that he would have
tried. He had reached the limit of what he could concentrate on.
He did not verbalize his actions.

Captain Widman had about 25,000 flight hours at the time of
the incident, with 3,500 hours in the B-737. He was a captain
since 1964. He received unusual attitude training in the Air
Force, which he felt helped him in the incident, and had no
aerobatic experience since that time. He had experienced several
engine failures during his career, but not at points that he
considered emergencies. The captain was an active member of the
pilot union. He was age 53 at the time, 6'0" tall and about 190
pounds. The first officer, age 41, was 5'9" or 5'10" tall and
stocky.

Captain Widman decided to write an article for Flying
magazine after the Colorado Springs accident. The article was
accepted for publication in July, 1994, two months prior to the
Pittsburgh accident.
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ATTACHMENT 3

Company report by Captain Widman



FROANTIER AIRLINES

June 16, 1380 Frontier Airlines, Inc.
8250 Smith Road
Denver, Colorado 80207
Telephona (303) 398-5151

Captain W. S. Norris

Pegional Director Flight Operations
FRONTIER AILINES, INC.

8250 Smith Road

Denver, Colorado 80207

Dear Captain Norris:

The following report covers the critical portion of Flight #326 as it
approached the Cheyenne, Wyoming airport on June 11th, 1980.

The crew consisted of myée“lf as Captain, First Officer NN
Flight Ftt ndants Gene Schroeder, Diane Erunso and k nd- | inters.

With First Officer SNk at the controls, we were on final approach
to runway 26, the weather was VFR, wind variable at 6 knots, landing

~ clearance had been received, the aircraft was in landing configuration
and stable down to 500 feet above the ground. From that point a build
up in airspeed began, I emphasized this in my calls, we seemed to be
encountering a bit of turbulence at that time leading me to believe
that we were also encountering some wind shear, and I still did not
anti~ipate anything other than a routine landing. At what was

prot. b'y ibout 300' AGL the following happene ro 'r "e's at once:

The ncse of the aircraft slewed to the left, I got on the controls and
glanced at the First Officer and realized that he was incapacitated and
apparently unconscious. I added full power and began a c¢limb and
missed approach. The aircraft was still wallowing around and I was
having a problem getting the controls into a coordinated flight
situation, The aircraft flew best in a ¢limbing left turn. In the
meantime, I had gotten the aircraft into a go around configuration and
rang for a Flight Attendant. Gene Schroeder responded immediately and
[ dir cted that he get 100% oxygen to (RIS 3y th's time the
:ause of the flight control problem became :ppa 2r: hei = realized that
el et foot was holding left rudder. { tal. F/A Schrceder to
get YNwemmm: foot off that pedal and restrain it from turther
interference. '

We now called a second Flight Attendant to assist with the oxygen and
the third attendant to assist with details relating to hand restraint
as I best recall.



Cabtain W. S. Norris -2 - June 16, 1980

Meanwhile, the Tower had been advised that the co-pilot had developed
a physical problem that required an ambulance. [ had momentarily
considered having the Attendants try to get the First Officer out of
his seat but dismissed this without discussion as impractical under
the circumstances, deciding instead to land as soon as possible.

Tower cleared me to land on runway 8, we were by then south-west of
the City. I believe iruiscn ind ' inter assisted Schroeder in getting
seated on the jumpseac, anc thes returned to the cabin while Schroede -
continued to assist the First Officer as we landed.

The First Officer began to return to consciousness while taxiing in
and upon parking I left the cockpit so that prompt medical attention
could be given.

My gratitude for the composed and competent assistance of the Flight
Attendants under difficult and trying circumstances cannot be overstated.
Without their help the outc Jme probably would have been considerably

different.
Yours truly, ;
Don Widman
Captain - B-737
DW/dt

cc: R. J. Orr



ATTACHMENT 4

Flying Magazine article by Captain Widman
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| LEARNED ABOUT FLYING FROM THAT

NIGHTMARE
ON FINAL

NO. 667
BY DONALD WIDMAN

It was one of those moments of anxiety

_which on rare occasions punctuate the

hour upon hour of fortunate boredom.
From our vantage point six miles east
of the airport and 1,500 feet above the
ground, the visible dust in the vicinity of
the airport was blowing in opposite di-
rections. Consequently we viewed the

. report of “light and variable” wind with

skepticism.

Another wind check confirmed the re-
ported wind and the controller added,
“You're cleared to land, Runway 26.”
Due to the obviously capricious wind
and its potential for mischief, we added
10 knots to our calculated no-wind
approach speed.

The first officer was at the controls,
the Boeing 737-200 was in landing con-
figuration, and our indicated airspeed in-
cluded the additional 10 knots as we ap-
proached the outer marker. Though the

ekies were clear of cloude and visibility

was unlimited, we tuned in
the ILS as a backup
for the visual ap-
proach. As we crossed
the outer marker, all was
well. We were aligned with
the centerline of the runway,
our rate of descent normal;
there was nothing to indicate
what was about to happen.
At a thousand feet [ began
the procedural calls of altt
tude, airspeed and sink Z
rate. As we left 800 feet, I 2
noted and called atten-
tion to an increase
in the indicated air-

speed. From the planned plus-10 it '

quickly became a plus-15, then 20, and
stabilized at plus-25 as we approached
500 feet. The rate of descent had in-
creased accordingly and we were less
than 30 seconds from touchdown.

At this point I was concerned but not
yet alarmed; this appeared to be a clas-
sic, though a bit extreme, wind shear,
from which we could expect to emerge
with the excess airspeed dropping off as
rapidly as it had built up.

When the excess airspeed did not
drop off, [ expected the first officer to re-
act by reducing power; he did nothing,
and [ shouted, “We're too fast!” Incredi-
bly, the aircraft was still on the glide path
and aligned with the runway. The
thought that he was no longer flying the
aircraft did not enter my mind. -

‘When he did not respond to my em-
phatic warning, I reached for the power
levers, intending to initiate a missed ap-
proach, and as | gripped them I glanced
to my right, wondering why he had
done nothing to correct a now-critical

situation. Just as I touched the power

levers, the aircraft suddenly “slewed” to
the left in a wild, still descending, unco-
ordinated turn. As I pushed the power
levers to their forward stops and applied
back pressure on the elevator, the 737
began a circling climb from what
had become a danger-
ously low alti-

tude. Later, one of the flight attendants
who was seated in the rear of the air-
plane where the aircraft’s motion was
most violent, knowing only that some-
thing was drastically wrong, described
her thoughts as, “This is it, we've had it
and we're going to crash.”

My questioning glance at the first offi-
cer was frightening—he was obviously
unconscious; that he was no longer alive
appeared to be a very real possibility.

‘We had flown together, he as first of-
ficer and I as captain, hundred of hours
and thousands upon thousands of
miles., During the course of a 15-year
period we frequently flew the same
monthly schedules. We knew each
other’s likes and dislikes, moods, idio-
syncrasies and jokes. We trusted each
other’s skilf and judgment. Together
we had experienced the usual mechan-
ical problems ranging from minor to
major, in short, the “normal” events an
airline flight crew would experience
over a period of time—up to now. How-
ever, those years of routine
and relatively uneventful fly-
ing resulted in a dangerous
and nearly fatal compla-
cency on my part.

Now motionless, my
first officer and good
friend was held in
his seat by belt
and shoulder
harness
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in a nearly out-of-control airplane. While
I stared at his contorted body, one sim-
ple question burned through my mind:
“My God, what happened?”

For some unknown reason I was un-
able to “roll” out of the left turn; the turn
could, however, be coordinated by use
of the ailerons, A 45 degree angle-of-
bank turn was a simulator training ma-
neuver, notsomething to be doneina
“real” airplane 200 feet off the ground—
unless one had to.

With maximum power now set, I repo-
sitioned the flaps to a “go-around” set-
ting and retracted the landing gear. That
extra airspeed which moments before
had been a liability suddenly became an
asset of immeasurable value by enabling
us to begin this wild and unplanned ma-
neuver with our airspeed well above
stalling speed.

Though we were continuing the steep
turn, we were gaining altitude, and I had
amoment to think about the plight of the
first officer. 1 signaled for a flight attend-
ant to come to the cockpit and the at-
tendant seated in the forward part of the
cabin responded immediately, asking,
“What’s wrong?” Nodding toward the
first officer, [ said, “Get the oxygen mask
on him.”

In the process of following that brief
instruction, the flight attendant, who was
a licensed pilot, discovered the cause of
the stiltuncoatrollable turn when he real-
ized—and told me—that the first officer’s
stiffened left leg was holding full left
rudder. I didn’t need to tell him to forget
the oxygen and take care of the “control”
problem. Supercharged as he was, he
flexed the first officer’s leg at the knee,
thus freeing the rudder. This allowed us
to recover from the turn that by now had
progressed through some 270 degrees.
We were level at 1,500 feet and the air-
craft was once again under control.

A second flight attendant was called
and she assumed the duty of making
certain the first officer continued to
breathe an uninterrupted flow of 100
percent oxygen.

In a matter of moments, the first offi-
cer appeared to be regaining conscious-
ness to the extent that we needed the
third flight attendant to assist by keeping
the FO’s hands clear of switches and
controls, (Incidentally, and incredibly,
five people can get in the cockpit of a
Boeing 737—all at one time.) .

Until we could fly straight and level we
had not advised the tower of our predica-
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ment, and no one in the tower had asked
questions. Tower personnel observing
our unusual missed approach were prob-
ably as perplexed, but not as alarmed, as
our 72 passengers must have been. For-
tunately, no other aircraft were in the
pattern. C

With the aircraft and my voice once
again under control, I advised the tower
of the onboard medical problem and re-
quested that emergency medical assist-
ance stand by to await our arrival. I also
requested and received landing clear-
ance. Our passengers were then advised
that the copilot had suddenly become ill,
thus the missed approach. They were as-
sured (f such was possible) that he was
now much improved and that we would
soon be landing.

As we turned final for the second
time, two of the flight attendants re-
turned to stations in the cabin. The re-
maining attendant belted himself into
the center jump seat. From this position
he was able to assist by reading the
checklists (particularly important, I be-
lieve, when operating under such un-
usual circumstances) and by monitoring
the now-recovering first officer; we land-
ed without further complications.

As we parked at the terminal, waiting
paramedics boarded the aircraft to assist
the first officer, who was soon able to
walk ‘c the waiting ambulance. In the
hospital it was determined that his
seizure had been triggered by a chemi-
cal imbalance, With proper treatment he
regained full health.

We eventually completed our de-
layed trip with the help of a reserve first
officer. Arriving at our layover stop for a
much-needed rest I found that sleep did
not come easily. During the time that 1
was awake that night and on many sub-
sequent nights [ reviewed the known
factors which contributed to the safe
outcome of a situation that was, for a
brief moment in time and space, touch
and go.

Without the flight attendants’ skilled
and calm assistance in the crowded
cockpit the sutcome would have been
unpredictable at best. Until they could
lend support, the aircraft was literally out
of control. :

Another factor was our skepticism
about the reported wind that was in such
contrast with our observations of the ac-
tual wind in the vicinity of the airport. As
a consequence of this doubt, we planned
a higher airspeed on the approach and

>
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allowed the airspeed to increase even
further due to what was probably a
“phantom” wind shear. I will always be-
lieve that because of the additional air-
speed we were able to keep the aircraft
from stalling, rolling over and plunging
that short distance to earth when the
sudden and unexpected full application
of the left rudder took effect.

Following this incident, someone un-
known to me sent an article entitled “Pt
lot Incapacitation in Flight” published
in The Cockpit (United Airlines, May
1980). A summary of facts gleaned
from that article quoting various
sources follows:

During a seven-year period prior to
1980, there were 17 instances of pilot
deaths in the cockpit. Five of these
deaths led to accidents that resulted in
148 fatalities, Of those five, four deaths
occurred during the approach phase of
flight. Two-thirds of the 17 pilots who
died were under the age of 50. (The first
officer in this story was 40.)

When total incapacitation, ranging
from unconsciousness to death, occurs,
the pilot simply ceases to function. A sec-
ond and more dangerous form of inca-
pacitation is subtle or partial incapacita-
tion, in- which the pilot flying remains
conscious but with reduced analytical ca-
pacity. The subtle type is more danger-
ous because it happens more frequently
and is more difficult to detect.

Between March 30, 1983, and January
8, 1993, National Transportation Safety
Board records reveal 36 instances of
crew incapacitations on Part 135 and
Part 121 air carrier operations.

Pilots should realize that a crew mem-
ber’s incapacitation is always a possibili-
ty, and as with any aircraft emergency
it must be dealt with in three phases:
1) recognizing the problem, 2) maintain-
ing or regaining contro] of the aircraft,
and 3} solving the problem.

In the personal experience described
in this article, earlier recognition would
have lessened the impact of the illness
by allowing me to take control of the air-
craft at a higher altitude and before the
seizure resulted in full application of the
rudder. Several days after the incident,
my first officer stated that he remem-
bered nothing of my calls about the high
airspeed; he probably suffered a partial
incapacitation before the total incapacita-
tion occurred.

And last but not least—always expect
the unexpected, . a
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ATTACHMENT 5

WITNESS INTERVIEW
Captain Steve Ellis
United Airlines

Malcolm Brenner and Chuck Lecnard conducted a telephone interview of
Captain Ellis on February 16, 1996. He was the pilet of a B-737-200 passenger
flight that experienced a wake turbulence encounter behind a B-727 airplane on
February 9, 1996. Additional participants in the telephone interview were
Bill Yantiss, United Airlines Safety Office, and Marilyn Pearson and Pete
Delo, ALPA-United Pilot’s Asscciation.

This was the second leg of an initial operating experience (IOE)
training flight, with check pilot Robert Schmidt conducting training from the
right seat. Captain Ellis had about three flight hours in this model aircraft
as captain, 2000-3000 hours as first officer in the B-737 Model 300, and about
14,000 total flight hours.

This incident occurred at 0830 hours, in daylight conditions, surface
winds 300/08, with greater than 10 miles wvisibility and a clear horizon. The
alrplane was on approach to Chicago’s 0’Hare Airport (ORD) and was established
on the glide path three miles behind a B-727, according to TCAS. Airspeed was
180 kts, flaps position was 2 degrees, the airplane was manually flown, and
altitude was about 3000 feet MSL.

The incident began with a “lateral burble” that Captain Ellis recognized
as a typical wake turbulence entry. The airplane began rolling hard to the
left. Captain Ellis counteracted the roll with what he thought to be full
aileron and rudder input but the airplane did not roll back to a level
attitude. The aileron wheel was vertical and the rudder pedal was not guite
against the stop. Aileron and rudder were input at the same time. The
rolling motion stopped, the airplane shuddered (not buffet), but it remained
hanging in a left bank as it continued descending. Captain Ellis felt that
the controls stopped the rolling motion but that little authority remained to
return the airplane to a level attitude. The maximum bank was about 20-25
degrees. Captain Ellis was concerned that the wake turbulence might be streng
encugh to cause the airplane to go inverted and was very consciocus of the need
to maintain a level pitch attitude.

The airplane “snapped” right for a moment, then returned into the vortex
induced left bank. Captain Ellis advanced the power to just above the go-
arcund setting and called for a go-around. The airplane sped up immediately
and escaped the wake turbulence, breaking cut the top at above 200 knots
airspeed.

Captain Ellis had flown into wake turbulence many times before, and he
recognized this as a wake turbulence encounter. He was confident that there
was no yaw damper problem or other airplane malfunction., The airplane was
responding properly. He did not know why there were two periods to the
encounter. Other wake turbulence encounters were not nearly so violent as
this one and did not last as long. There was extremely strong shuddering,
although not like stall buffet. Once, as a first officer, he had cbserved a
similar incident handled by the captain.

Captain Ellis had undergone unusual attitude training as a helicopter
pilot in the military and as a candidate for an instructor rating. He
recently completed the Advanced Maneuvers training at United Airlines, and was
very conscious of this training while the event was happening. The training



stressed aggressive use of all controls, especially rudder, and awareness of
pitch attitude if the airplane rolled over. It was important to keep the
pitch attitude level.



-ATTACHMENT 6

WITNESS INTERVIEW
Captain Robert Schmidt
United Airlines

Malcolm Brenner and Chuck Leonard conducted a telephone interview
of Captain Schmidt on February 16, 1996. He was giving IOE training to
Captain Ellis from the right seat of the B-737 flight that experienced,
on February 9, 1996, a wake turbulence encounter behind a B-727
airplane. Captain Schmidt was interviewed independently of Captain
Ellis. Additional participants in the telephone interview were Bill
Yantiss, United Airlines Safety Office, and Marilyn Pearson and Pete
Delo, ALPA-United Pilot’s Association.

Captain Schmidt said he was looking inside the cockpit when the
incident began. The flaps were at two degrees, the airspeed was 189
kts., and the airplane was three miles behind a B-727 as measured on the
TCAS. He felt like they were entering wake turbulence and the airplane
began to roll. He observed that Captain Ellis put in the correct
aileron and rudder commands, but the airplane rolled to a 25 degree bank
and held in this position. With regard to aileron use, the captain’'s
top hand was at an 11 o’clock position where a 12:30 o'clock position
represents full use.

Captain Schmidt has 11,000 hours total flight time, of which 3000
hours were in the B-737-200. He said he had never previocusly
encountered a wake turbulence experience like this where the airplane
would not come out of the encounter. He had experienced wake turbulence
frequently in military formation flying in the C-130, but said you could
feel the burble and control the encounter with primary contrels. He had
encountered wake turbulence rarely in civilian flying, usually flying
perpendicular to it and feeling a “short burp.” He had never before
seen an airplane just hang there, with the control surfaces able to stop
the roll but nothing more. He believed the aircraft glide path was the
same as the vortices. With go-around thrust added (still flaps at 2),
the nose rose enough tc fly out of the descending vortices, causing the
aircraft to accelerate to 210 knots, thus regaining normal flight
control response. They wWere able to complete the landing safely.

Captain Schmidt said that it never occurred to him that there
might be anything wrong with the airplane, because the initial burble
and the roll were familiar wake turbulence experiences, and Captain .
Ellis did not complain about the controls,
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Boeing statement on pilot stature certification criteria



BOEING

Boeing Commercial Airplane Group
P.O. Box 3707
Seattle, WA 98124-2207

April 18, 1996

B-B600-15612-ASlI

Mr. Malcolm Brenner, AS-50
National Transportation Safety Board
490 L'Enfant Plaza S. W.
Washington, D.C. 20594

~Subject: Pilot Stature Certification Criteria - USAir 737-300 Accident near
: Pittsburgh N513AU, September 8, 1994

Reference: Human Performance Group Meeting, January 16-17, 1996

Dear Mr. Brenner:

Mr. Curt Graeber advises that during the reference meeting you requested a
statement from Boeing addressing: “pilot height design limits for the B-737
seat." The seat installation and motion used on all USAir Model 737-300
airplanes was first certified for a pilot stature range of 5 feet 2 inches to 6 feet 0
“inches, but was later certified for a pilot stature range of 5 feet 2 inches to 6
feet 3 inches. These pilot stature ranges do not necessarily designate the
persons who may be accommodated in the 737-300 cockpit. The ranges are
“intended to designate design references only, not pilot stature limits.

If you have any questions, please contact me.

Very truly yours,

John W. Purvis
| Director, Air Safety Investigation
' Org. B-B600, M/S 14-HM
Telex 32-9430, STA DIR PURVIS
\

' cc:  Tom Haueter, NTSB, AS-10
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Office of the Armed Forces Medical Examiner 22 January 1996

Malcolm Brenner, Ph.D.

Senior Human Performance Investigator
National Transportation Safety Board
Washington, DC 20594

Dear Dr. Brenner,

Pursuant to our discussions, below is my elaboration of the
opinions I offered to the Human Performance Group concerning
considerations of possible control inputs by crew of USAir flight
427. :
With the information from the metallurgical analysis that
both the pilot's and co-pilot's left rudder pedals were fractured
in a similar pattern, I infer the possibility that both flight
officers were symmetrically applying pressure to their respective
left rudder pedals at the time of ground impact. The metal
fracture implies such a strong pressure that I find the most
likely body position to do this would be with the majority of the
body weight concentrated on the left foot, that is: with the
left knee locked. This sort of positioning sometimes produces
characteristic "control injuries" (which would probkably be mid-
foot fractures, telescoping/collapsing fractures of leg bones,
and/or hip fractures). Unfortunately, in this case, the extent
of body disruption from the crash, the quantity of remains
recovered, and incomplete re-association of recovered remains,
did not yield these body parts of the flight crew for
examination. This makes this scenario a "possible explanation"
rather than an opinion with quantifiable probability.

USE
LTC, MC, USA
Deputy Medical Examiner

Srir*sa on @ Pacycled Paper N . N
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Statement by Mr. Mellone
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ASRS Office

625 Ellis Street

Suite 305

Mountain View, California 94043

Teleph 415) 969-3969 -
December 1, 1995 elephone (415)

Mr. Malcolm Brenner

Human Performance Division
National Transportation Safety Board
AS-50

690 L'Enfant Plaza, S.W.
Washington, DC 20594-2000

Dear Mr. Brenner:

This is in response to the inquiries from Mr. Michael Carriker, Boeing Commercial Airplane
Group, in behalf of the NTSB Human Performance Group, concerning data information in the
Multi-Engine Turbojet Uncommanded Upsets Structured Callback Summary:

s Multi-Engine Turbojet Loss of Control Factors Data Chart
Although, the overall number of loss of control incidents between 1987 and May 1995
totaled 556 incidents; we displayed a breakdown of factors referenced in a total of 297
incidents on this chart. We selected the top 10 factors by number of incidents per
factor. Beyond the top 10 factors, there were numerous other factors that were
referenced in loss of control incidents, but were smaller numbers in frequency. As an
example, factors such as hydraulic system, structural condition, overcontrol, wing
load, distraction, fatigue, etc., were referenced in lesser frequencies.

* ASRS Reports With Reporter Narratives
In order to identify loss of control factors such as wake turbulence, aircraft icing, flaps,
etc., that are depicted in the above mentioned chart, it was necessary to screen the
pilot's narratives in the 556 loss of control incidents. By searching the ASRS database
and limiting our interrogation to multi-engine turbojet loss of control incidents, we were
able to determine the top 10 factors.

* Upsets Summary Acronyms
Explanatory information enclosed.

Vincent J. Mellone
ASRS Operations Manager

VIM/smf

Enclosures



Reptly to Attn of:

National Aeronautics and
Space Administration

Ames Research Center
Moffett Field, CA 94035-1000

FL:262-1

MEMORANDUM FOR: Recipients of Aviation Safety Reporting System Data

SUBJECT: Data Derived from ASRS Reports

Tihw attached material is furnished pursuant 10 a request for data from the NASA Aviation Safety
Reporting System (ASRS). Recipients of this material are reminded of the foliowing points which
mus! be considered when evaluating these data.

ASRS reports are submitted voluntarily. The existence in the ASRS database of reporis
concerning a specific topic cannot, therefore, be used to infer the prevalence of that problem
within the national aviation system.

Reports submitted to ASRS may be amplified by further contact with the individual who submitted
them, but the information provided by the reporter is not investigated further. Such information
may or may not be correct in any or all respects. At best, it represents the perception of a specific.
individual who may or may not understand all of the factors involved in a given issue or event.

After preliminary processing, all ASRS reports are deidentified. There is no way tc identify the

... individual who submitted a report. All ASRS records systems are designed to prevent any

possibility of identifying individuals submitting, or other names, in ASRS reports. There is,
therafors, no way to velify information submitted in an ASRS report after # has baer dridentified

The National Aeronautics and Space Administration and its ASRS contractor, Battelle Memoavial
Institute, specifically disclaim any responsibility for any interpretation which may be made by others
of any material or data furnished by NASA in response to queries of the ASRS database and
related materials. .

William Reynard, Direcjor
Aviation Safety Repofting System



CAVEAT REGARDING STATISTICAL
USE OF ASRS INFORMATION

Certain caveats apply to the use of ASRS statistical data. All ASRS reports are
voluntarily submitted, and thus cannot be considered a measured random sample of
the full population of like events. For example, we receive several thousand altitude
deviation reports each year. This number may comprise over half of all the aititude
deviations which occur, or it may be just a small fraction of total occurrences. We have
no way of knowing which.

Moreover, not all pilots, controllers, air carriers, or other participants in the aviation
system, are equally aware of the ASRS or equally willing to report to us. Thus, the
data reflect reporting biases. These biases, which are not fully known or measurable,
distort ASRS statistics. A safety problem such as near midair collisions (NMACs) may
appear to be more highly concentrated in area “A” than area “B” simply because the
airmen who operate in area "A” are more supportive of the ASRS program and more
inclined to report to us should an NMAC occur.

Only one thing can be known for sure from ASRS statistics—they represent the lower
measure of the true number of such events which are occurring. For example, if
ASRS receives 300 reports of track deviations in 1993 (this number is purely
hypothetical), then it can be known with certainty that at least 300 such events have
occurred in 1993.

Because of these statistical limitations, we believe that the real power of ASRS lies in
the report narratives. Here pilots, controllers, and others, teli us about aviation safety
incidents and situations in detail. They explain what happened, and more importantly,
why it happened. Using report narratives effectively requires an extra measure of
study, the knowledge derived is well worth the added effort.

For a text on the strengths and limitations of incident data, the process of using
incidents for human factors evaluations, statistical analysis methods and other
sources of incident data, see:
Chappell, S.L. (1994). Using voluntary incident reports for human factors
evaluations. In N. Johnston, N. McDonald & R. Fuller (Eds.), Aviation
Psychology in Practice. Aldershot, England: Ashgate.



Flight Conditions - the weather environment at the time of the occurrence or situation in terms of the
conventional definition for flight conditions. Codes used are: VMC—visual meteorological conditions; IMC—
instrument meteorological canditions; MXD—mixed fiight conditions (beth VMC and IMC); MVI-marginal
VFR; SVF—special VFR,

Reference Facility 1D (or LOC |D) - the standard three-letter (or letter-number combination) location
identifier associated with an airport or navigational facility as referenced in the FAA Order 7350.5Z series
entitied “Location identifiers.”

‘Facility |dentifier - the standard three-letter (or letter-number combination) location identifier
associated with an ATC facility as referenced in the FAA Order 7350.5Z series entitled “Location
|dentifiers.” .

- the aircraft type involved in the incident differentiated by arbitrary gross takeoff
weight ranges (miiitary aircraft type are differentiated by function). Codes used re:

SMA - small aircraft {less than 5,000 Ibs)
SMT - small transport (5001 - 14,500 Ibs)
LTT - light transport (14,501 - 30,000 ibs)
MDT - medium transport (30,001 - 60,000 Ibs)
MLG - medium large transport (60,001 - 150,000 Ibs)
LRG - large transpott {150,001 - 300,000 Ibs)
HVT - large transport (over 300,000 Ibs)
WDB - wide-body (over 300,000 lbs)

ULT - ultralight (including hang gliders)

SPN - sailplane/glider

SPC - special purpose

FGT - fighter

BMB - bomber

MLT - military transport

MTR - military trainer

Anomaly (Descriptions, Detector, Resolution, Consequences) - short summary of a standard chain
of sub-events within a reported incident.

Situation Report Subjects - description(s) of a static hazard which creates a safety problem.



ANOMALY DEFINITIONS

ACFT EQUIPMENT PROBLEM/CRITICAL - Aircraft equipment problem that is vital to the safety of

the flight. :

ACFT EQUIPMENT PROBLEM/LESS SEVERE - Not qualifying as a critical aircraft equipment

roblem.

%.LT DEVIATION - A departure from or failure to attain or failure to maintain an ATC assigned sltitude.
It does not include an injudicious or illegal altitude in VFR flight where no altitude has been
assigned by ATC or specified in pertinent charts.

ALT DEV/OVERSHOOT - An aircraft climbs or descends through the assigned altitude.

ALT DEV/UNDERSROOT ON CLB OR DES - An aircraft fails to reach an assigned altitude during climb
or descent.

ALT DEV/EXCURSION FROM ASSIGNED - An aircraft departs from level flight at an assigned altitude.

ALT DEV/XING RESTRICTION NOT MET - Charted or assigned altitude crossing restriction is not met.

ALT-HDG RULE DEVIATION - Cruise flight contrary to the altitudes specified in FAR 91.159.

CONFLICT/NMAC (NEAR MIDAIR COLLISION) - A conflict is defined as the existence of a perceived
separation anomaly such that the pilot(s) of one or both aircraft take evasive action; or are advised
by ATC to 1ake evasive action; or experience doubt about assurance of continuing separation from
the viewpoint of one or more of the pilots or controllers involved. A near midair collision is when
the flight crew reports, either duectly or as quoted by the controller, that the reported miss distance
is less than 500 feet.

CONFLICT/AIRBORNE LESS SEVERE - A conflict not qualifying as a NMAC.

CONFLICT/GROUND CRITICAL - A ground occurrence that involves (1) two or more aircraft, at least
one of which is on the ground at the time of the occurrence, or (2) one or more aircraft conflicting
with a ground vehicle. The flight crew reports, either directly or as quoted by a controller, that they
took evasive action to avoid a collision (emergency action go-around, veering on runway or
taxiway, takeoff abort, or emergency braking), and the balance of the report, including the marrative
is judged consistent with a critical occurrence.

CONFLICT/GROUND LESS SEVERE - A ground conflict not qualifying as critical..

CONTROLLED FLT TOWARD TERRAIN - Flying at an aititude that would, if continued, result in

_ contact with terrain.

ERRONEOUS PENETRATION OF OR EXIT FROM AIRSPACE - Self-explanatory.

IN-FLT ENCOUNTER/OTHER - in-flight encounter (e.g., bird strikes, weather balloons).

IN-FLT ENCOUNTER/WX - In-flight encounter with weather (e.g., wind shear, turbulence, clouds, high
winds, storms).

LESS THAN LEGAL SEPARATION - Less than standard separation between two airborne aircraft (as
standard separation is defined for the airspace involved).

LOSS OF ACFT CONTROL - Self-explanatory.

NON -ADHERENCE LEGAL RQMT/CLNC - Non-adherence to an ATC clearance.

NON-ADHERENCE LEGAL RQMT/FAR - Non-adherence to a Federal Aviation Regulation.

NON-ADHERENCE LEGAL RQMT/PUBLISHED PROC - Non-adherence lo approach procedure, -
standard instrument departure, STAR, profile descent, or operational procedure as described in the
AIM or ATC facility handbook.

KON-ADHERENCE LEGAL RQMT/OTHER - Non-adherence to SOPs for aircraft, company SOPs, etc.

RWY OR TXWY EXCURSION - An aircraft exits the runway or taxiway pavement.

RWY TRANSGRESS/OTHER - The erroneous or improper occupation of a ruaway or its immediate
environs by an aircraft or other vehicle so as to pose a potential collision hazard to other aircraft
using the runway, even if no such other aircraft were actually present.

RWY TRANSGRESS/UNAUTH LNDG - A runway transgression specifically involving landing without a
landing clearance or landing on the wrong runway.

SPEED DEVIATION - Aircraft speed contrary to FARSs or controller instruction.

TRACK OR HDG DEVIATION - Self-explanatory. 7

UNCTRL ARPT TRAFFIC PATTERN DEVIATION - Failure to fly the prescribed rectangular pattern or
failure 1o enter on a 45 degree angle to the downwind leg.

VFR IN IMC - Flight conducted under Visual Flight Rules (VFR) into Instrument Meteorological
Conditions (IMC) when not on an instrument flight plan and/or when not qualified to fly under
Instrument Flight Rules (IFR).



Your printout from the ASRS includes information on the following categories. Please note—each entry in
a category is separated by a semicolon (e.g., two SMAs in one incident would be coded as “SMA;SMA;”

in the Aircraft Type category.
Accession Number - a unique, sequential number assigned to each report.

Date of Occurrence - the date of the occurrence/situation in the form of a year and a month; e.g.,
9304 represents April 1993,

Reported by - role of the person who reported the occurrence/situation. Codes used are: FLClight
crew; PLT-pilot; CRM—crew member; CTLR-AIr Traffic Controller; PAX—passenger; OBS—observer; AFC
(or AIR)-Air Force; NVY—Navy, UNK—unknown.

Persons Functions - description of a person’s function at the time of the occurrence. Codes used
are:
FLC PIC - Pilat in command as determined by official designation, prior consensus, or
actually controlling the aircraft
CAPT -  Captain role in a multi-person flight crew
FO - First Officer/Copilot role in a multi-person flight crew
SO - Second Officer/Flight Engineer role in a multi-person flight crew
OTH - Additional crew member (e.g., navigator) in a multi-person flight crew
CKP - Check pilot (essential flight crew member occupying a crew position/role)
iSTR - Legally qualified flight instructor who is giving instruction at the time of the
occurrence/sityation

PLT - Pilot in a single-person crew
TRNEE -  Flight crew member in training.

TWR LC - Local controller COORD - Coordinator position
GC - Ground controller CD - Clearance delivery
FD - Flight data position SUPVR - Supervisor
OTH - Other TRNEE - Trainee

TRACON AC - Approach controller CCORD - Coordinator paosition
DC - Departure controller SUPVR - Supervisor
RHO - Radar hand-off position OTH - Other
FD - Flight data position TRNEE - Trainee

ARTCC M - Manual controller COORD - Coordinator position
R - Radar controller SUPVR - Supervisar
H - Hand-cff position OTH - Other
D - Assistant or data man TRNEE - Trainee

MiL PAR - Precision approach radar OTH - Other
RSU - Runway supervisory unit

MISC FSS - Fit service station specialist DISP - Dispatcher
ACI - Air carrier inspector CENR - Company enroute check
UNI- - Unicom operator personnel
FBO -  Fixed base operator/employee TADV - Tower advisory
CAB - Cabin attendant AMGR - Airport manager
vD - Vehicle driver oBs - Observer
P AX - ' Passenger SUPVR - Supervisor
CGP - Company ground personnel QTH - Other
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-Summary of San Pedro Sula interviews



SAN PEDRQO SULA INCIDENT
FACTUAL INFORMATION
B. A. Berman

1.  Interview Summary—Captain Ray Miller ( Continental Airlines)

Interviewed March 29, 1996 over the telephone by B. Berman, M. Brenner, and T.
Haueter.

Miller was the captain of the flight involved in the San Pedro Sula incident on April 11,
1994. He provided the following information:

The event began with a lateral disturbance: a “left-right bang” that felt like a jet wake. In
Y4 second, the airplane reached about 20 degrees of left roll, then rolled right to wings level.
After this initial yaw event, the aileron controls were “locked.” He disconnected the autopilot.
He was “putting in a great deal of force leveling the aircraft” prior to disconnecting the autopilot.

Next, he “turned the aircraft loose to see what it wanted to do.” First tt “just sat there;”
then, it “wanted to roll to the right.” He continued to apply force to the aileron control. He said
that he could not move the control wheel laterally; he felt like he was applying force against
mechanical stops. Additional force resulted in “ratcheting” of the control wheel that moved these
stops and allowed more wheel travel. He had to use “arm strength to the left” and “put his
shoulder into it” to maintain control of the airplane.

Next, he closed the throttles. He gave control to the first officer for a while.

He fought the locked ailerons for control all the way to landing. There was no yaw after
the first excursion. After the first excursion, his control problem was one of pilot induced
oscillation due to hitting a “dead spot” related to the mechanical stops in the aileron control
system. After he ratcheted them back with force, these stops were about at the 1 index to the
right and 4 index to the left (which he described as about 50 percent of wheel throw). The rudder
pedals were centered with no pressure.

He thinks that the rudder PCU of the incident airplane had been subject to an AD
requiring it to be removed, cleaned, and sealed. This PCU was removed from an airplane about
1-1/2 years prior to the incident. A new employee of Continental “sealed it” because it “looked
clean.”

He thinks that the aileron control problems occurred because the autopilot went into a test
mode as he was turning it off. He believes that this test mode would lock the aileron controls.

2. Interview Summary—First Officer Gerald B. Emory (Continental Airlines)

Interviewed April 26, 1996 over the telephone by B. Berman.



Emory was the first officer on the flight involved in the San Pedro Sula incident. He
provided the following information:

He had flown about 6-8 monthly pairings with Captain Ray Miller in the preceding 3-4
years.

When the incident began, he was sitting sideways talking to a flight attendant who was in
the cockpit. Captain Miller was facing forward. The right wing dropped, about 30 degrees by
his perception. It “snapped” very rapidly from leve! flight to this attitude. He looked back at the
right wing to see if any wing panels had departed the airplane. When he looked back, the airplane
was in a stable right bank and was maintaining altitude. He believes that the control wheel (yoke)
was level. The autopilot was still engaged.

Miller turned off the autopilot with the yoke button. The autopilot disengaged normally.
After that, “everything was fine.” He knew that Miller was very uncomfortable, but he was
comfortable because Miller had the airplane under control.

He never took the control wheel or felt the control pressures. He is unable to specify the
wheel inputs Miller was introducing. Miller didn’t complain of control problems while the
airplane was descending. Miller was “pretty excited,” “really working the controls,” and “worried
about the pressures,” though, as the descent occurred.

The autopilot disconnect normally turns the autopilot all the way off, rather than leaving
the autopilot in control wheel steering mode. He did not see specifically whether the autopilot
“snapped all the way down to off” rather than into the CWS position.

3. Review of CVR

The San Pedro Sula CVR includes a “wailer” sound similar to the autopilot disconnect
tone at about the time that the incident begins. The sound ends about 1 second after it starts.

4, Interview Summary: Earry Hirni, Boeing autopilot systems engineer

Interviewed on April 26, 1996 over the telephone by B. Berman. Mr. Hirni provided the
following information: '

Autopilot disconnect pulls a stop out from the engage lever and the lever falls all the way
down; it “could not” stick in the control wheel steering (CWS) mode. For the autopilot to
remain engaged without the lever being down, failures of 2 independent switches would be
required. The pilot would have felt autopilot pitch inputs as well as roll inputs, if the autopilot

had remained engaged. '

The disconnect hom would not sound urless the engage lever fell all the way to
disconnect.



The autopilot is not capable of trimming the ailerons.

The CWS mode would amplify the pilot’s input and require less force, rather than more,
to achieve a given roll rate. -

If the crew tried to overpower an engaged autopilot, it would drop to CWS mode with no
horn and no force to overpower.

With autopilot engaged or in CWS, a pilot’s control input demand can be faster than the
autopilot actuator can move if the pilot moves the wheel faster than the autopilot servo can
respond. In this case, the pilot would be working against the servo. But when the servo/actuator
caught up, the force would go away. The wheel would have to move more than 60 degrees per
second to create this situation.

There is a force limiter in the autopilot at 17 degrees wheel deflection (flaps up condition).

For the “byte” test mode to be engaged, the airplane must be at less than 60 knots, with
weight on the squat switches, and byte test mode selected on the FMCS test screen. When
engaged, the autopilot sends a display to the screen. It is not trying to drive the servos. The
output to the roll servo is held at zero. But if the autopilot is engaged, it couples to the servo.
With the wheel held in the centered position, a pilot attempting to move the control wheel would
have to overpower the autopiiot. This would require “normal autopilot overpowering force.”
Also, a small error in the servo loop could cause the wheel to drift one way or the other.

Boeing has never had an autopilot drop into the byte test mode while an aircraft was in
fhght.

It is possible that a failure of a switch in the mode control panel could have actuated a
28V solenoid and driven the control wheel without normal autopilot actuation. These switches
are connected to ground to protect against a failure like this.

~ The autopilot has a “Command” position which, if overridden by control wheel input,
would provide CWS during the control input and then hold the roll attitude that existed at the
time the control input ceased.
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MEXTOCYLAPCTBEHHDBIH
ABUAUHOHHBIA KOMHUTET

INTERSTATE
AVIATION COMMITTEE

117292, Mockaa,
yn. Kpxuxanosckoro, . 7, kopn. 1

Tea.: 125-14-52, daxc: 129-61-44 3amecmumento dupexmopa

Ynpaenenus besonacHocmu
0200200 noIemos

#3986 N pE-LET z-ny P.HIwoy

VYBaxaemslii r-H Hlmun!

IMepenaro Bam HeKOTOphIe pe3yNbTAThl HCCIETOBAHMH MO
OINBITY PACCIenOBaHHl TUIIHYHBIX aBUANpPOMCLIECTBHH, CBA3AHHBIX C
HeaJeKBaTHBIMH JEHCTBHAMHE [THIOTOB IIPH HEOXHIAHHbIX LIS HUX
‘3BOJIOLIMAX camoieTa. B uccinelIOBaHMAX NPUHEMAIHM Y4acTUe
BBICOKOKBATU(HIMPOBAHHbIE CIIEMHATACTEL B OOMacTH JIETHOTO
TPyOAa U TICUXONIOTHH NETHOH NeATeIbHOCTH.

Korna neTYHK TOKenoro camonera {(TpaHCIOPTHOIO,
MacCaXHpekoro Hm 6oMGapaAMPOBIUHKA) HeodHcudanio OKa3bIBACTCA
B 3BOJIOLIMH, XapakTepH3ylouleiica GonbIIMM YI7TIOM KpeHa (M3-3a
CIOYTHOrO ClIefa, 0TKa3a aPTOMWIOTA, B3PHIBA BHE CAMOTIETa ¥ TOMY
nopobHOe), TO B €0 MOHAMAHHHU [TPoLEcca I0JETa BO3HHKAET T.H.
“ncHxoyiornyeckas cigubka” (stupor), MOpoXKIAaeMas pa3aN4YMeEM B
oxumaeMoM  (MPOTHO3MpyeMOM) M (aKTHYEeCKHUM IMMOJOXKEHHEM
caMoneTra B MpocTpaHcTBe. B TeueHue 3...4 CceKyHI CO3HaHHE
NBITACTCS OCMBICIUTE TNPHYHHY “HEMOHATHOro”  MOJOXKEHHA
caMolleTa ¥ Kakue 651 To HM Ob1710 IeficTBHA I€TYHKA OTCYTCTBYIOT.

IloTeps 3THX 3...4 cexyHA BaeUeT 3a cOO0H HEKOHTPOIHPYEMOE
VBEJIM4EHHE YI1a KpeHa M W3MeHEHHEe YITIa TaHraXa ¥ K MOMEHTY
FOTOBHOCTH MUNOTa K paboTe camoneT npuobperaeT 3HATHTEILHBIM
yron kpeHa (30...40°) u, Kak mpaBwIO, OMMyCKaHHE HOCA IO TAHTaxy.
PednekTopHas peakuus JCTYHMKA TOKETOrO CaMoJieTa Bcerga
HanpaBliecHa Ha INapHPOBaHHE JOMHMHUDYIOIIEH OMACHOCTH -
CHIDKEHHE ¢ Pa3rOHOM CKOPOCTH, 3amac 10 KOTOPOi qaile BCero Man,

' YTO MPOBOLMPYET B3ATHE KOJIOHKH LITypBasia “Ha ce6s” € co3flaHHEM
HOpMaNbHOH neperpysku. IIpn 3ToM ycnoBHA monera (HEHb HIIH
HOYb) He MrpaloT CylUecTBeHHOM pOJN, Tak KaK BHE OONaKOB MUIOTHl
MIPH Pa3sMBITOH JHHNM €CTECTBEHHOTO IOPH3OHTA, YTO XapaKTepHO B4972



mis Beicor Gomee 2000 M (7000 ¢yroB), Done¢ IPHBBIYHBI K
NpUOOPHOMY, 9eM K BU3YaTEHOMY MOJIETY, U IO3TOMY MOTYT HpH
. BOCCTAHOBJNEHMM MPOCTPAHCTBEHHOH OPHEHTHPOBKH ofpallaThCsd K
MTOKa3aHHAM aBHAT OPH3OHTA. .

Codverande GONBLIOrO yria KpPeHa W NOJOXHTEIbHOU
Neperpy3KHM - HIeallbHbie YCJIOBHA A% BBOJA B CIIMpajb, BRIXOX H3
KOTOPpO#t eClTH M BO3MOXEH, TO JOCTATOYHO CJIOXKEH.

TakoBa BHeWHAA KapTHHA ABNeHNA. [IpUHIMHEI HaM BAIATCA B
CIIETYIOIEM.

TMpu HenocpencTeeHHOM (6e3 aBTOMATHKH, BPYYHYIO)
yIpaBIeHHH CaMONIETOM Y TIJIOTa C OMBITOM BbipabaThiBAKOTCA
HaBbIKM  YNpaBiAeHHA, Korga  obecnmedeHO  CEHCOMOTOPHOE
ynpaBslIcHAe Ha YpOBHe pedneKTOpHOMH HeATENBHOCTH IPH
MHHHMAaNbHLIX 3aNasAbIBaHMAX peakuuu. IIpH 3TOM MHNOT Kak Obi
YIpaBIfgeT CBOHM TeoM (M, CiieoBaTellbHO, CaMoJIETOM) B
OPOCTPAHCTBE, OPMEHTHPYACH Ha eCTECTBEHHBIA TOPHM3OHT (B
BHU3yaJbHOM IONETe Ha HeOONBLIOA BBICOTE) WM TOXAECTBEHHBIE
eMy OpHEeHTHpHI, TubO Ha cHCTeMy NOKa3aHHH NpHOOPOB, KOTOpas
CO3IAET B €ro CO3HaHMM TaK HaskBacMBlif “o0pa3 monera”.

ITpu 3TOM BaXHYIO PONb WIPAIOT TEJIECHBIE OLHYLUEHHA,
KOTOPBIE CO3HAIOTCA COYETAHHEM YCHWIHH Ha OpraHax yNpaBlicHUA H
OTBETHAs peaKUHd CaMOJETa, BEIPDAXKEHHAs B YTTIOBBIX H JNHHEHHBIX
YCKOpPEHMAX (aKceNepallHOHHOE BOCIPHATHE IBHXCHUA CaMOJIETA).
CucTeMa aBTOMAaTHYECKOro yIpaeieHus, paboTa ¢ KOTopo#
MMeeT OnepaTOPCKHiA XapakTep, Kak Obl “OT4yXIaeT” JIETYHKA OT
HETIOCPEACTEERHOIC YIIPAEIEHHA CaMOTIETOM, YTO CHHXKAET MM jaXe
HCKITIO9aeT €ro  BOCIpHSATHE camMolieTa Ha  YpPOBHe
MPOIPEeOLENTHBHRBIX OlIyllieHHH. Ternepp NpH nepexone K py4HOMY
(HermoCpeACTBEHHOMY) YNPaBJCHHIO TIDH MpPOYHX PABHBIX YCHOBHAX
(cBOEBpeMeHHOE NpHUBJIeYEHNE BHHMaHHA K 0OBEKTY - HaNpUMeEp, K
aBHarOPH3OHTY) HeOOXOMUMO HEKOTOpOe BpeMs ajanTalud K
OIYLIEHHIO, yTpadeHHOMY B TedcHHne IUIATENILHOT O
aBTOMATH3UPOBAHHOI'C MOJIETA. :

Bropas mpudMHA COCTOMT B IUTHTENBHOCTH HOPMMpOBaHHS
“obpasza nonera” npu cyulecTByomux ¢opMax HMHIWMKAINMH yria
KpeHa MO THOY “BHA C CaMoOJleTa Ha 3eMII0”, KOraa Ha mpubope
WHAMLHEPYETCA TOIBHKHAA NHMHAA NpHOOPHOrO TrOPH3OHTA IIpH
HEMOABMXHOM  (OTHOCHTENBHO IMJIOTa K caMolera) CHIyeTe
caMonera.

HccnenopanuaM Ha OONBIIONH CTATHCTHKE YCTAHOBIIEHO, ITO
IPH JAHHOM BHIOE MHAMKALMH MMeeT MECTO 3HAYMTENBHOE YHCHO
OolMOOYHBIX MEPBUYHBIX peaKuMil JeTYuKa [0 BHIBOLY CAMOIETA U3
KpeHa (10 9%) u Gonnlnoe 3ana3apiBaHIe B BOCIPHATHH OKa3aHHH



(no 33% cmyqaes Goinee 3 cex) B TO BpeMs KaK IIPH HHOMKALWM THIA
“BHJI C 3¢MJIN HAa CAMOJIET” COOTBETCTBYIOLHE [TOKA3ATEIM PaBHEI 1,4
% n 98% ciyqaer meHee 1 cex. (/lantHble 3aHMCTBOBAHbI H3 OTHETOB
JleTHO-HCCIEMOBATENRCKOTO Hucruryra wnM.M.M.I'poMosa,
HayuHo-HCcCcneaoBaTenbLCKoro HCNBITATENBHOTO HHucTutyTa
ABUAKOCMHYECKOH  MemuuuHel M HaydHo-HCOBITATEIBHOrO
Hucruryra nM. B.I1.Ykanoea , 1978...1984 1).

XapakTepHO, YT0 NpH TOTEPE MPOCTPaHCTBEHHOH
OpHEHTHPOBKH nuiioTamM camonera Mn-18, rae npumeHarca
aBHarOpPU3OHT ¢ THUIIOM MHIMKaLMK “BMI ¢ 3€MJIH Ha caMolner”, B
TpeX H3BECTHBIX CITy4asx [OHJIOTE! BOCCTaHaBIMBAJIH
NpOCTPAHCTBEHHYI0 OPHMEHTUPOBKY H BBIBOLHIIM CaMOMET ¢
nocnenyromeid nocamkoit (23.12.65 r. Maragan, 11.12.69 r.
Csepanosck, 21.01.71 r. PoctoB-Ha-/IoHy). B aTHX ciyyasx BbIBOZ
CaMOJIETOB XapaKTepHU3OBAJICA CIEOYIOLUIMMH NTapaMeTpaMH:

23.12.65

Hn-18 N° 75688. Houp, NONET MpPH BKIKOYEHHOM aBTOMHIOTE
BhILIe 061aK0B. 3a 43 cek camoeT notepan Boicoty ¢ 8000 mo 4000
MeTpPOB, BepTHKaNbHaA CKOpPOCTh Oblma mocturHyra 170 M/cex,
ckopocTe mo npubopy Bospocnma ¢ 470 1o 730 xm/uac,
MAKCHMAJBHBIA yron kpeHa 6w 900, neperpyska npu eeisoze 3,25
(MakcUMansHO AONYyCTHMAA 3KCIyaTauuoHHas 2,5). TIpu BeIBOgE
camoJeT ObuT 3HauKTenbHC Aedopmuposad. Ilpuanna - cryaaitnoe
OTKJIIOYEHHE aBTOMHIIOTA IKUITAKEM.

10.12.69.

Hn-18 N° 75699. Houp, noner NpH BKIOYEHHOM aBTOMWIOTE
BBILIe 061akoB. 3a 18 cex camoner motepan Beicory ¢ 8400 mo 7000
METPOB, BepTHKalbHAA CKOpPOCTh OblUla HOCTHIHyTa 95 M/cek,
MaKCHMaJIbHbIA yroJ xpeHa Obur 70°, neperpyska mpu BeIBOIE 2,3.
Cxopocte yBenugunace ¢ 440 mo 600 xM/gac.

21.01.71.
Hn-18 N° 75727. Iloner npy BKIDOYEHHOM aBTONIIOTE. 3a 44 cex

caMojeT notepan BeicoTy ¢ 7800 mo 5000 MerpoB, BepTHKaNBHAA
ckopocTh Obima pocTurHyta 130 M/cex, ckopocTk no npubopy
Bo3pociaa ¢ 500 go 680 kM.yac, MaKCHMaIbHLIH Yron KpeHa Obll
90°, meperpy3ska mnpH BblBome 2,7 (MaxkCHMMalbHO JONyCTHMas
3KcruTyaTauuonHas 2,5). Ilpn BeiBozie caMosteT ObLT 3HAYHTENLHO
nebopmuponat. IIpHunHa - OTKa3 aBTONMIIOTA WIH €ro CirydaiHoe
OTKIIOYEHHE IKHITAKEM.



ITo HameMy MHEHHIO, 3TUMM NMPUYHHAMHU (OTBIEYEHHE OT
HEMOCPEICTBEHHOTO, CEHCOMOTOPHOTO yNpaBJIeHAs 74
HeAOCTaTOYHAA HATAOHOCThL ABHATOPH3OHTOB) B 3HAYUTENbHOH
CTeTleHH OOBACHAIOTCA Te CIy4YaW, KOTAa MHIOTHl TSKENBIX
CaMOJIETOB, HENpPEOHAMEPEHHO NONABUIHE B 3BOMIOLMIO ¢ HONLIIMMHU
yIJIaMH KpeHa, He MOTYT CBOEBPEMEHHO BEIIIPABUTE MOJIOKEHHE.

OmuuM u3 daxtopoB KaracTtpodel A-310 moxn
MexaypedeHckom (22.03.94 1) Gbuta nMoTepa NPOCTPAHCTBEHHOH
OpHEHTHPOBKHM TIIMIIOTOB, a Takke HX HEyMEHHe aJeKBaTHO
YHPaBIATh CaMOJETOM B CIOXHOM NPOCTPAHCTBEHHOM IOIIOXKCHHH.
Kak #3BecTHO, KOMaHIMpOM OB OMBITHBIH NMUIOT (OOWIMH Hamler
9675 yac, B KadecTBe KoMaHaHpa 5595 dac, Ha camonere A-310 B
KauecTBe KoMaHmMpa 895 gac), XOTOpBbIH He HAXOMUICA Ha CBOEM
pabouem mecte. Bropoit munot (munor 1 Kracca, o6 Hazer 5853
gac, Ha camonere A-310 B kauectBe Broporo numora 440 uyac)
BMellaIcA B yNpaBlieHue NpK yrile KpeHa 63°, oqHako B AalbHeHileM
wTypBand 67 B3AT “Ha ce6s”, a comyrcTByIoliee (ckopee BCEro,
HENMpPOM3BOJBHOE)  OTKIOHEHHME IEAAlld IPHBEIH K Tepexolay
caMmolera B HITOMOP.

EcTh OCHOBaHMA NpeIBapHTENLHO NpEANoNaraTs, 470 B
katactpoe mnox XabapoBCKOM TakXKe HMMEIO MeCTO HevYeTKoe
MpeACTABlIeHHE THJIOTOB OTHOCHTEIBHO YINIa KpeHa caMmolera
(KoMaHAMp - MHAOT 1-ro knacca ¢ obuuM HaeToM 12225 gac, 13 HUX
Ha Ty-154 - 5016 gacoB, B ToM umuciae koMaHoHpoMm 3974 dacos)
BMeIA/CA B YIIpaBNeHUe MpH yIiie KpeHa okoio 80°, Ho Ge3ycnelHo.

B ofomx caydasx MWIOTH MMeENHM BHICIIYIO XBamuHKauuro
THHERHBIX HWIOTOB TpaXNaHCKONM aBHAallMM H YNDEKHYTh HX B
HEIOCTATKE MAacTEPCTBA HEeT HUKAKHX OCHOBAHMH.

IMporenenublid B 1973 r aHATM3 MATEpHANIOB MO BHIBOIY
camoitera Un-18 n3 ray6oxux xpeHoB, BhinojHeHHbIA TocHuu I'A,
OKb “UneromwmH”, JIeTHO-HCCNEAOBATENbCKHM  HHCTHTYTOM
aBranpoMbiluieHHocTH H IJAT'M nokasan, 4ro npH NORagaHHH
caMolleTa B CIOXHOE MPOCTPAHCTBEHHOE TOJNOXKEHHE ¢ OOMbIUMM
KpPeHOM HeoOXOOMMO B TIEPBYIO OYEpENb BBIBOAMTH CAMOIET H3
KpeHa, a 3aTeM W3 CHMXEHHS, MOCKOJIbKY B3fTHE INTypBana “Ha
ceOs” DO BBIBOJA H3 KPeHA NepeBOMMT caMOJET B KPYTYIO CHHDPAIB €
ONyCKaHHEM HOC2 H yBeJIHYeHHeM BSPTHKANBHOH CKOPOCTH
cHibkeHna. IlonbITKH BHIBOJA caMoneTa H3  CO3JaBuIErocs
cnupaneofpasHOro IBHXEHHA TOABKO ¢ TOMOWILIO B3ATHA IFTypBaa
“Ha ce6a” oxasbiBalOTCA He3hPEKTUBHBIME H CBA3AHBL C ONACHLIMH



NOCHENACTBHAMH, T.K. CAMOJIET B KOHEYHOM MTOTI'e MOXKET BBIATH 3a
TpaHHIBI JONYCTAMBIX OrpaHHYEHHI.

B ciyyae HeCROGBPEMEHHOIO BMEUIATENBCTBA B YIIPABIIEHHE,
ocoGeHHO MpH 3ama3jbIBaHUM ¢ BLIBOJJOM CaMOJIETa M3 KpeHa, eClH
pexuM paboThl IBUraTeseif 0cTaeTCs HEM3MEHHBIM M COOTBETCTBYET
HCXOZHOMY  pexuMy T[lonera Ha 3lueNoOHe, POCT KpeHa
COTIPOBOXKAAETCS SHEPrHYHbIM HapacTaHHEM CKOPOCTH, NpelenbHbIe
3HavYeHUs uncna M U Vop JocTHraorcd DocTarouHo 6bicTpo (depes

20...25 cex), YTO MOXET NPHBECTH K CO3NAHHIO HA BOPTY CIOXKHOM
CHTYaLHH.

PaguxansHo# npobnnakTHKoi MoriM Obt OBITH cremyrollde
MEPOTIPHATHA:
].-TPEHUPORKH MAIOTOB B BHIBOJE U3 CIIOKHOTO NPOCTPAHCTBEHHOIO
IIOJIOXEHUA HA TpeHa)kepax NpH HEOXKUIAHHOM NONMAaHUK B HET O,
2.-IepHOIMYECKHE IPOBO3KH HAa MaHEBPEHHBIX CaMONeTax ¢
JIEMEHTAMH MTHIOTAXA;
3.-nepuoanueckoe (B TedeHHE [UTUTENBHOIO [I0JieTa) py4YHoe
yIpaBleHUE TOJETOM I COKpallieHWs BpeMEHH Ae3ajanTalidH K
MUIOTHPOBaHUIO U BOCCTAHOBIEHHA “dyBCTBAa MalUMHEI '}
4.-mOTIOMHATENbHEIE HccnenoBanua Hopm aemnoii 200nocmu B 4aCTH
TpeboBaHuit K ¢opMe HHOMKAUMH NPUOOPHOro rOPH30HTAa,
ocobeHHOCTeH ~ HESTeNBHOCTH  NWiIoTa  Npd  NPHMEHCHHH
BBICOKOABTOMATH3UPOBaHHBIX CUCTEM aBTOMaTHYECKOIO
YNIpABJICHHA NMOJIETOM.

3TH MEpONPHATHA HYXKIAKTCA B IONONHHUTENBHBIX

HcenemoBaHMAX. MB!I pacnonaraeM Hay9YHbIM M METOAHYECKNM
“3amemoM” mONA WX MNPOBedeHU#A, HAMEPeHbl WX IIPOBOIMTHL B
O6mixaiimem OynoylieM M mpeanaraeM oOOCYIMTE IIEPCHEKTHBY
IIpOBeNEeHHS COBMECTHbIX HccnemoBanui. Ecmm Bac mHTepecyroT
AaHHBle MO KAKUM-HUOYAb NPYTHM KOHKPETHBIM MPOUCIIECTBHAM,
MBI rOTOBBI HX BaM coo6uiuTs.

3amectrTens I[pencerarens
IO pacclieNOBAHHIO ABHAIIHOHHEIX

3amectutens Hagansauka HayurgreXandeckoro Lenrtpa
JIeTYHK-HCIBITATENb
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INTERSTATE

AVIATION COMMISSION
117292 Moscow
Ul. Krzhizhanovskogo, Bldg. 7, Korpus 1 To: Deputy Director
Tel.: 125-14-52, fax: 129-51-44 Office of Aviation Safety
0200200

Mr. Ron Schleede

14.03.96, No. 05-369

Dear Mr. Schieede,

This letter contains results from research concerning investigations of typical
aviation accidents involving inadequate pilot response to unexpected aircraft maneuvers.
This research has involved the work of specialists in the fields of human factors and
aviation psychology.

When a heavy aircraft (transport, passenger, or bomber) maneuvers unexpectedly
into a high bank angle (due to wake vortices, autopilot malfunction, or explosion outside
the aircrafl, etc.), the pilot suffers a certain “psychological knock-out” (stupor) and loses
spatial orientation. This stupor results from the difference between the expected and the
actual attitude of the aircraft in space. For 3-4 seconds the pilot takes no actions of any
kind, as his mind seeks to comprehend the reason for the airplane’s “incomprehensible™
attitude.

The loss of these 3-4 seconds results in an uncontrolled increase in the bank angle
and a change in the pitch angle. By the time the pilot can resume piloting the aircraft the
bank angle is significant (30-40 degrees), and, as a rule, the nose is pitched downward.
The reflex reaction of the pilot of a heavy aircraft is always to counteract the greatest
danger, an accelerated descent, for which the airspeed safety margin is usually small. This
causes the pilot to pull back on the control column, which results in positive g’s. Current
flight conditions (day or night) do not play a significant role, since outside the clouds,
where the natural horizon line blurred, as it usually is at altitudes above 2000 meters (7000
feet), pilots are more accustomed to instrument, rather than visual, flight. For this reason
. they are able to recover their spatial orientation using the attitude indicator.

The combination of a high bank angle and the positive g’s [resulting from the
pilot’s pull up] creates conditions for a spin, from which it is difficult, if not impossible, to
recover.



This is a general description of the problem. We see the causes as follows:

When the aircraft is actively controlled by the pilot (manually, without using
automatic systems), through experience the pilot is able to develop control skills, and the
pilot’s sensory-motor control reaches the level of reflex, such that his reactions are only
minimally delayed. It is as though the pilot controls his own body in space (and, in turn, -
the airplane), referring to the natural horizon (for low-altitude, visual flight), to identical
orientation points, or to the indication system, which creates in the pilot’s mind a certain
“mental image” of the flight.

In this context tactile sensations play an important role. These sensations are
created by the interaction of forces [from the pilot] on the controls [of the aircraft] and the
corresponding responses of the aircraft, expressed in angular and linear accelerations. The
sensation created is that of accelerated aircraft motion.

One could say that an automatic control system, equipment which is “operated”,
has the effect of “alienating” the pilot from active control of the airplane. This reduces, or
even eliminates, the pilot’s perception of the airplane on a proprioceptive level. The
transition [back] to active manual control, other things being equal (such as the pilot’s
quick orientation to the controls, like the attitude indicator), now [requires] a certain
amount of time so that the pilot can recover the feel [of the airplane] that has been lost
during long, automated flight conditions.

A second cause is the fact that current “view from airplane to ground”-type bank
angle displays require [some] time to create the “mental image” [for the pilot]. These
instruments have a moving line representing the artificial horizon, and an airplane
silhouette which is non-moving (with respect to the pilot and the airplane).

Statistical analysis has established that when this type of display is used, a
significant number of pilot initial reaction errors occur during recoveries of the aircraft
from banks (up to 9%), and significant delays occur in reading the instrument indications
(up to 33% [of these delays] lasting more than 3 seconds). On the other hand, for displays
of the “view from ground to airplane” type, the corresponding data are 1.4%, [with
delays of ] less than 1 second for up to 98% of cases [examined]. (Data were obtained
from reports of the Flight Investigation Institute named after M. M. Gromov, from the
Scientific Research Experimental Institute of Aerospace Medicine, and from the Scientific
Research Institute named after V. P. Chkalov, 1978-1984.)

In three vsell-known cases involving loss of spatial orientation, pilots of I1-18
aircraft restored spatial orientation, recovered the aircraft from a bank, and landed (12-23-
65, Magadan; 12-11-69, Sverdlovsk; 01-21-71 Rostov-na-Donu). It is significant that in
these cases an attitude indicator of the “view from ground to airplane”-type was used.

The parameters for recovering these aircraft from the banks were as follows:



12-23-65

Il-18 No. 75688. Night, automated flight, above the clouds. In 43 seconds the
airplane descended from 8000 to 4000 meters, vertical speed of 170 meters/second
was reached, indicated airspeed increased from 470 to 730 kilometers/hour, the
maximum bank angle was 90 degrees, and load factor during recovery was 3.25
(maximum operational load factor is 2.5). The airplane suffered significant
structural deformation during recovery. Cause: crew accidentally disconnected the
autopilot.

12-20-69

Il-18 No. 75699. Night, automated flight, above the clouds. In 18 seconds the
aircraft descended from 8400 to 7000 meters, vertical speed increased to 95
meters/second, maximum bank angle was 70 degrees, and load factor during
recovery was 2.5. Airspeed increased from 440 to 600 kilometers/hour.

01-21-71

1I-18 No. 75727. Automated flight. In 44 seconds the aircraft lost altitude from
7800 to 5000 meters, vertical velocity reached was 130 meters/second, indicated
airspeed increased from 500 to 680 kilometers/hour, maximum bank angle was 90
degrees, load factor during recovering was 2.7 (maximum operational load factor
is 2.5). During recovery the airplane was significantly deformed. Cause:
malfunction of the autopilot or accidental disconnection of the autopilot by the
Crew.

In our opinion, these causes (lack of pilot’s active sensory-motor control [of the
airplane] and inadequate visual clarity of the attitude indicator) to a significant degree
account for cases in which pilots of heavy aircraft, having unintentionally gotten into
maneuvers with high bank angles, were unable to quickly regain control.

One factor in the A-310 crash near Mezhdurechenskoe (03-22-94) was pilot loss
of spatial orientation, as well as lack of ability to guide the airplane in a unusual attitude.
As is well-documented, the captain, who was an experienced pilot (9675 total flight hours,
5595 hours as a captain, and 895 hours as an A-310 captain), was not seated at his
position. The co-pilot (pilot first class”, tetal flight hours 5855, as an A-310 co-pilot 440)
attempted to recover control of the aircraft during a 63 degree bank. However after he
had pulled back the control column, his accompanying deflection of the pedal (most likely
involuntary) put the airplane into a spin.

There are reasons to assume preliminarily that in the crash near Khabarovsk the
pilots also did not have a clear awareness of the bank angle. The captain (pilot first class

* refers to the highest rank of the Russian civil aviation pilot -Tr.



with 12,225 total flight hours, of which 5016 were in the Tu-154, including 3974 as
captain) attempted to recover the airplane [from] an 80 degree bank, but without success.

In both cases the pilots were highly qualified civil aviation line pilots, and there are
no grounds to criticized their pilot proficiency.

A 1973 analysis of data on recoveries of I1-18 aircraft from steep banks, conducted
by the State Scientific Research Institute of Civil Aviation, the Ilyushin Experimental
Design Bureau, the Flight Research Institute of the Aviation Industry, and the Central
Institute of Aero- and Hydrodynamics, showed that for an airplane in an unusual attitude
involving a high bank angle, it is necessary first to bring the airplane out of the bank, and
then out of the descent. [This is because] bringing the control column back prior to
recovery from the bank puts the airplane into a steep spiral with the nose pitched down
and increases the speed of vertical descent. Attempts to bring the airplane out of the
resulting spiral by pulling back the control column alone are ineffective and can lead to
dangerous results, since the aircraft ultimately may exceed allowable [physical] limits.

In instances of delayed intervention to recover control of an airplane, especially if
that delay involves recovery of the aircraft from the bank, if the engine thrust settings have
been left unchanged from the initial engine thrust [settings] for cruising at flight level,
increase in the bank is accompanied by a rapid increase in the airspeed, [and] extreme
values of M and V [refers to Mar and Var- Tr.] are reached very rapidly (in 20-25
seconds). These conditions may lead to an unusual attitude on board the aircraft.

The following steps may be regarded as effective preventive measures:

1. simulator training for pilots in recovery of aircraft from an unusual attitude, using
unanticipated introduction of these situations [in simulations]

2. regular flight training, with an instructor, involving aircraft control systems on
maneuverable airplanes

3. regular return to manual flight mode (during long flights) to reduce de-adaptation to
aircraft control and restore the “feel of the airplane”

4. additional research concerning Airworthiness Standards with respect to requirements
for attitude indicators and special aspects of pilot activity during use of highly automated
systems for automatic flight control

These measures require further research. We have the scientific and
methodological “start” to conduct further research, we plan to conduct such research in
the near future, and we propose to discuss the possibility of conducting joint research. If
you are interested in data on other specific accidents, we would be pleased to provide
them. .
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