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C. 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-O'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. DETAILS 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 telephone 
interviews of two B-737 captains who experienced emergencies 
involving 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 o6n Widman. Attachment 3 ccnsist3 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. 
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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 summariz~s .Lnt8rviews conducted by NTSB 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 Engli~h 
translation of this statement prepared under contract to the 
NTSB. 

'if; 
• Malcolm Brenner, Ph.D. 

6 9; @ OJ SO ~ 

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 controls. 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 seconds. 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 beca~se 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. 
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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 nCJse 
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 control, 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 1 10 11 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 



June 16, 1J80 

Captain W. S. Norris 
Regional Director Flight Operations 
FRONTIER AI.~LINES, INC. 
8250 Smi~h Road 
Denver, Colorado 80207 

Dear Captain Norris: 

FAnN-"IE"'t AIRLINES 

Frontier Airlines, Inc. 
6250 Smith Road 
Denver, Colorado 60207 
Telephone (303) 398-5151 

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 myse1f as Captain, First Officer •••••• 
Flight P tt ndants Gene Schroeder, Diane Brunso and ~- nd ' l inters. 

With First Officer at the controls, we Here 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 teet 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 b1 y 1bout 300' AGL the following happene r~ 1 • 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 climb and 
missed approach. The aircraft was still wallowing around and I was 
having a problem getting the controls into a coordinated flight 
situati::m. The aircraft flew best in a climbing 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 
I dir·cted that he get 100% oxygen to gy th·s time the 
:a use of the flight control problem became 'ppa ~r: he 1 - realized that 
~~==~l~e~fit foot was holding left rudder. i tJl_ F/A Schroeder to 
get foot off that pedal and restrain it from rurther 
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. 

. ~' ,, ~ 
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Captain 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. I had momentarily 
considered havin~ 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 \ru1 ;rn 1nd 1 inter assisted Schroeder in getting 
seated on the jumpseac, an• the' returned to the cabin •t~hile 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 trn o·Jt( Jme prnbably would have been considerably 
different. 

DW/dt 

cc: R. J. Orr 

Don Widman 
Captain - B-737 
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Flying Magazine article by captain Widman 
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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 
ofthe 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 mdicated airspeed in­
cluded the additionallO knots as we ap­
proached the outer marker. Though the 
~k!e~ were dear 0f clouds and vi~ibility 
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 I began 
the procedural calls of alfi. 
tude, airspeed and sink 
rate. As we left 800 feet, I 
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. 
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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, I expected the first officer to re­
act by reducing power; he did nothing, 
and I 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 I 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 tum. 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 
andthousandsuponthousandsof 
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 skill 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 
NowiJ'lotio11le%, my 

first officer and good 
friend was held in 

his seat by belt 
and shoulder 
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in a nearly out-Qf-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 tum; the tum 
could, however, be coordinated by use 
ofthe ailerons. A 45 degree angle-of­
bank tum was a simulator training ma­
neuver, not something to be done in a 
"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 
tum, we were gaining altitude, and I had 
a moment to think about the plight of the 
first officer. I 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, I 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 still-uncontrollable tum wt.en 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.1his 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 tirst 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 prolr 
ably as perplexed, but not as alarmed, as 
our 72 passengers must have been. For­
tunately, no other aircraft were in the 
pattern. 

With the aircraft and my voice once 
again under control, I adVised the tower 
of the onboard medical problem andre­
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 ('lf 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. AniVing at our layover stop for a 
much-needed rest I found that sleep did 
not come easily. During the time that I 
was awake that night and on many sub­
sequent nights I reViewed the known 
factors which contributed to the safe 
outcome of a situation that was, for a 
brief mome11t in time and space, touch 
and go. 

Without the flight attendantt>' skilled 
and calm assistance in the crowded 
cockpit the outcome 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 "Pi­
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 becaunc it happEas :nore frequently 
and is more difficultto detect 

Between March 30, 1983, and January 
8, 1993, National Transportation Safety 
Board records reveal36 instances of 
crew incapacitations on Pan 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 control of the airr.raft, 
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. 0 
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ATTACHMENT 5 

WITNESS INTERVIEW 
Captain Steve Ellis 

United Ai.rlines 

Malcolm Brenner and Chuck Leonard conducted a telephone interview of 
Captain Ellis on February 16, 1996. He was the pilot 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 Association. 

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 visibility and a clear horizon. The 
airplane was on approach to Chicago's O'Hare Airport (ORO) 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 quite 
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 Elli's 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 strong 
enough to cause the airplane to go inverted and was very conscious 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
around setting and called for a go-around. The airplane sped up immediately 
and escaped the wake turbulence, breaking out 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 observed 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 180 
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 previously 
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 controls. 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 be~i~ved the aircra~t glide path was the 
same as the vortices. With go-around thrust added {still flaps at 2), 
the nose rose enough to fly out of the descending vortices, causing the 
aircraft to accelerate to 210 knots, thus regaining normal flight 
control response. They were 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. 



ATTACHMENT 7 

Boeing statement on pilot stature certification criteria 



April 18, 1996 
B-B600-15612-ASI 

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

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

BOEING . 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 
i Director, Air Safety Investigation 
i B-B600, M/S 14-HM 

PURVIS 

! cc: Tom Haueter, NTSB, AS-10 



REPlY TO 
ATTENTION OF 

DEPARTMENT OF DEFENSE 
ARMED FORCES INSTITUTE OF PATHOLOGY 

WASHINGTON, DC 20306-6000 

Office of the Armed Forces Medical Examiner 

Malcolm Brenner, Ph.D. 
senior Human Performance Investigator 
National Transportation Safety Board 
Washington, DC 20594 

Dear Dr. Brenner, 

22 January 1996 

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 probably be mid­
foot fractures, telescoping/collapsing fractures of leg bones, 
andfor hip fractures). Unfortunately, in this case, the extent 
of body disruption from the crash, the quantity of remains 
recovered, and incomplete re-association of recov~red 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. 

si;~;t· 
DAVID • USE 
LTC, MC, USA 
Deputy Medical Examiner 



ATTACHMENT 9 

Statement by Mr. Mellone 



December 1, 1995 

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: 

ASRS Office 
625 Ellis Street 
Suite 305 
Mountain View, California 94043 
Telephone (415) 969-3969 

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: 

• 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 

VJM/smf 

Enclosures 



National Aeronautics and 
Space Administration 

Ames Research Center 
Moffett Field, CA 94035-1000 

Reply to Attn of FL:26~- "t 

MEMORANDUM FOR: Recipients of Aviation Safety Reporting System Data 

SUBJECT: Data Derived from ASRS Reports 

The &ttached material is furnished pursuant to a request for data from the NASA Aviation Safety 
Reporting System (ASRS). Recipients of this material are reminded of the following points which 

must be considered when evaluating these data. 

ASRS reports are submitted voluntarily. The existence in the ASRS database of reports 

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, 
th<:'r<>k••c, no ~tay lv ve1ify information srJbmitted in an ASRS report after lt has hP~;. •birtentJfiF-d 

The National Aeronautics and Space Administration and its ASRS contractor, Battelle Memorial 
Institute, specifically disclaim any responsibility for any interpretation which may be madP. by others 

of any material or data furnished by NASA in response to queries of the ASRS database and 
related materials. 



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 altitude 
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, tell 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 conditions; MXD-mixed flight conditions (both VMC and IMC); MVI-marginal 
VFR; SVF-special VFR. 

Reference Facility ID (Qr LOC I 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 
entitled "Location Identifiers. • 

Facility Identifier -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 
Identifiers." 

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

SMA small aircraft (less than 5,000 lbs) 
SMT small transport (5001 - 14,500 lbs) 
LTI light transport (14,501 -30,000 lbs) 
MDT medium transport (30,001 - 60,000 lbs) 
MLG medium large transport (60,001 - 150,000 lbs) 
LRG large transport (150,001 -300,000 lbs) 
HVT large transport (over 300,000 lbs) 
WDB wide-body (over 300,000 lbs) 
UL T ultralight (including hang gliders) 
SPN sailplane/glider 
SPC special purpose 
FGT fighter 
BMB bomber 
ML T 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 
theflighl 
ACIT EQUIPMENT PROBLEM/LESS SEVERE - Not qualifying as a critical aircraft equipment 
problem. . 
ALT DEVIATION -A departure from or failure to attain or failure to maintain an ATC assigned altitude. 

It does not include an injudicious or illegal altitude in VFR flight wh_ere 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/UNDERSHOOT ON O..B OR DES- An aircraft fails to reach an assigned altitude during climb 

ordescenl 
ALT DEY/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 mel 
ALT·HDG RULE DEVIATION- Cruise flight contrary to the altitudes specified in FAR 91.159. 
CONFLICT/NMAC (NEAR MIDAIR COlLISION) ·A conflict is defmed 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 take 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 directly or as quoted by the controller, that the reported miss distance 
is less than 500 feel 

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 

oile 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 narrative 
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 altitude that would, if continued, result in 

contllct with terrain. . 
ERRONEOUS PENETRATION OF OR EXIT FROM AIRSPACE- Self-explanatory. 
IN-FLT ENCOUNTER!OmER- 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 airaaft (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 to approach procedure, 

standard instrument departure, STAR, profile descent, or operational procedure as described ia the 
AIM or ATC facility handbook. 

NON-ADHERENCE LEGAL RQMT/OmER- Non-~dherence to SOPs for aircr11ft, company SOPs. etc. 
RWY OR TXWY EXCURSION- An aircraft exits lhe runway or taxiway pavemenl 
RWY TRANSGRESS/OTHER - The erroneous or improper occupation of a runway 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 presenl 

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

SPEED DEVIATION- Aircraft speed contrary to FARs or controller instruction. 
'IRACK OR HDG DEVIATION • Self-explanatory. 
UNCTRLARPT TRAFnC PATTERN DEVIATION- Failure to fly the prescribed rectangular paUern or 

failure to enter on a 45 degree angle to the downwind leg. 
VFR IN IMC - Flight conducted under Visual Flight Rules (VFR) into Instrument Meteorological 

· Conditions (IMq 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 Tyoe 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 tr.i - role of the person who reported the occurrence/situation. Codes used are: FLC--flight 
crew; PL I -pilot; CAM--crew member; CTLR--Air Traffic Controller; PAX-passenger; CBS-observer; AFC 
(or AI A)--Air Force; NVY--Navy; UNK-unknown. 

Persons Functjons - description of a person's function at the time of the occurrence. Codes used 
are: 

FLC 

TWA 

PIC 

CAPT 
FO 
so 
OTH 
CKP 
I SIR 

PLT 
TRNEE -

LC 
GC 
FD 
OTH 

Pilot in command as determined by official designation, prior consensus, or 
actually controlling the aircraft 
Captain role in a multi-person flight crew 
First Officer/Copilot role in a multi-person flight crew 
Second Officer/Flight Engineer role .in a multi-person flight crew 
Additional crew member (e.g., navigator) in a multi-person flight crew 
Check pilot (essential flight crew member occupying a crew position/role) 
Legally qualified flight instructor who is giving instruction at the time of the 
occurrence/situation 
Pilot in a single-person crew 
Flight crew member in training. 

Local controller 
Ground controller 
Flight data position 
Other 

COORD 
CD 
SUPVR 
TRNEE 

Coordinator position 
Clearance delivery 
Supervisor 
Trainee 

-··-··-·----·-----·-·---·-------------·----------.. --···---------------------------~~-------:--- ... .l-----
TRACON AC 

ARTCC 

MIL 

MISC 

DC 
RHO 
FD 

M 
A 
H 
D 

PAR 
RSU 

FSS 
ACI 
UN I· 
FBO 
CAB 
VD 
PAX 
CGP 

Approach controller 
Departure controller 
Radar hand-off position 
Flight data position 

Manual controller 
Radar controller 
Hand-off position 
Assistant or data man 

Precision approach radar 
Runway supervisory unit 

Fit service station specialist 
Air carrier inspector 
Unicorn operator 

COORD 
SUPVR 
OTH 
TRNEE 

COORD 
SUPVR 
OTH 
TRNEE 

OTH 

DISP 
CENR 

Fixed base operator/employee TADV 
Cabin attendant AMGR 
Vehicle driver OBS 
Passenger SUPVR 
Company ground personnel OTH 

,. 

Coordinator position 
Supervisor 
Other 
Trainee 

Coordinator position 
Supervisor 
Other 
Trainee 

Other 

Dispatcher 
Company enroute check 
personnel 
Tower advisory 
Airport manager 
Observer 
Supervisor 
Other 
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SAN PEDRO 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 ll, 
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 afforce leveling the aircraft" prior to disconnecting the autopilot. 

Next, he "turned the aircraft loose to see what it wanted to do." First it "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 Summaty-First Officer Gerald B. Em01y (Continental Airlines) 

Interviewed April26, 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 level 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: Larry 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 horn would not sound unless 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 <;::WS mode with no 
hom 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 I 7 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 
flight. 

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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ME)I(fOCY,ll.APCTBEHHhiA • 
ABHAU.HOHHbiA KOMHTET 

INTERSTATE 
AVIATION COMMITTEE 

117292, MocKBa, 
y.11. Kp)I(M>KaHoacKoro, .a. 7, Kopn. t 

Ten.: 125·14-52, tj>aKc: 129·61-44 

0200200 

Ja.MecmumeJIIO OUpeKmopa 
Ynpa8JteHUJI 6eJonacHocmu 
noRemoB 

z-Hy P.llllludy 

Ysa){(aeMbiH r-H IIlmf.z:l:! 

Ilepe~aro BaM HeKOTOpnre pe3yJinTaTbi HCcne~oBaHHH no 
OilbiT)' paccne~OBaHHH THilHqHbiX aBHanpoHCliieCTBHH, CBSIJaHHbiX C 
Hea~ei<BaTHbiMH ~eHCTBIUIMH IlHJIOTOB rrpH HeO){(H~aHHblX ~ HHX 
3BOJ1IOUHSIX caMonera. B uccne~oBaHHSIX npHHHMaJIH yqacrue 
BbiCOI<OKBaJIH!JJHUHpOBaHHbie CITeUHaJIHCTbl B 06JiaCTH JleTHOfO 
Tpy~a H IlCHXOJIOfHH JleTHOH ~eSITeJibHOCTH. 

Kor~a nenHI< T.ll){(eJioro caMoJieTa {rpaHcrropTHoro, 
nacca){(HpCI<OfO HJIH 6oM6ap~OBIUHKa) HeOJICUOaHHO OI<a3biBaeTCSI 
B 3BOJ1IOUHH, XapaKTepHJyroiUeHCSI 60JibliiHM yrJIOM KpeHa (H3-3a 
crrynmro cne~a. oTI<aJa ar.ronHJioTa, B3pciBa '!!He caMo.JJc>Ta H T.OMY 
no~o6Hoe), TO B ero rroHHMaHHH rrpouecca rroneTa B03HHI<aer T.H. 
"ncuxonorHqeci<aSI cmu6I<a" (stupor), rropo~aeMaSI pa3JIHqHeM B 
O){(~aeMOM (Ilp0rH03HpyeMOM) H <IJaKTHqecKHM IlOJIO){(eHHeM 
caMoJieTa B rrpocrpaHcTBe. B TeqeHue 3 .. .4 ceKy~ co3HaHHe 
IlbiTaeTCH OCMbiCJIHTb npHqHHY "HeiTOH.IITHOro" IlOJIO){(eHHSI 
CaMOJieTa H KaKHe 6bl TO HH 6biJIO ~eHCTBHSI JleTqHJ<a OTCYTCTByroT. 

lloTepa 3THX 3 ... 4 ceKy~ sneqer Ja co6oH: Hei<oHTpoJIHPyeMoe 
yseJIHqeHue yrna KpeHa H H3MeHeHHe yrna TaHra)l(a H I< MOMeHT)' 
roTOBHOCTH rrHJioTa I< pa6oTe caMOJieT npuo6peraer 3Haquren&HbiH 
yron I<pena (30 .. .40°) H, Kai< rrpaBHJIO, orryci<aHne Hoca no ranra){(y. 
Pe<IJnei<TopHa.sr: peaKUHSI nenHI<a TSI)I(eJioro caMonera Bcer~a 
HanpasneHa Ha rrapuposaHHe .n;oMHHHpyrorueH: onacHocm 
CHH)I(eli:ne c pa3roHoM CI<opocm, Jarrac no KOTopotl qarue scero Man, 
no npOBOUHPYeT B3SITHe KOJIOHKH liirypBana "Ha ce6a" C C03~aHHeM 
HOpMaJibHOH neperpy3KH. flpH 3TOM yCJIOBH.II IlOJieTa (~eHb HJlH 

aoqb) He urparor cyruecTBeHHOH poJIH, rax KaK BHe o6naxos nHJIOThi 
npu pa3MbiTOH JIHHHH ecrecTBeHHoro ropHJOHTa, qro xapaxrepHo B4972 

......... 
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,lUUI BDICOT 6onee 2000 M (7000 l}>yTOB), 6oJiee npMBbl'lHhl K 

npM60pHOMy, '!eM 1< BH3YaJihHOMy nonery, M ll03TOMY MoryT npM 

BOCCTaHOBJieHHH npocrpaHCTBeHHOH OpMeHTMpOBKH o6paiUaTbCH K 

TIOI<a3aHHJIM aBHaTOpH30HTa. 

Coqeraaue 6oJI&llloro yrna xpeHa H noJIO)l(HTeJibHOH 

neperpy3KH - HAeaJibHbte ycnoBMH MH sso.n;a B cnnpani>, B&rxo.u. H3 

KOTOpOH eCJIH H B03MO)l(eH, TO ,!l;OCTaTO'lHO CJIO)l(eH. 

Taxosa BHeWHHH xapTHHa HBJieHHH. llpwmHbi HaM BH,ll.JITCH B 

cne.u.yroiUeM. 

flpH HeOOCpe,U.CTBeHHOM (6e3 aBTOMaTHKH, BpyqHylO) 

ynpaBJieHHH CaMOJieTOM y OHJIOTa C OllbiTOM Bbipa6aTblBaiOTCJI 

HaBbiKH ynpasJieHHH, xor,u.a o6ecne'leHo ceHCOMOTOpHoe 

ynpaBJieHHe Ha ypOBHe pel}>JieKTOpHOH ,U.eHTCJibHOCTH npH 

MHHHMaJihHbiX 3aTia3,!l;hiBaHHHX peaKU.HH. flpH 3TOM OHJIOT Kai< 6bl 

ynpaBllileT CBOHM TCJIOM (H, CJie,D;OBaTeJibHO, CaMOJieTOM) B 

npocrpaHcTBe, OpHeHTHpyHCb Ha ecTeCTBeHHblH ropH30HT (B 

BHJyaJibHOM TIOJieTe Ha He60JiblllOH BbiCOTe) HJIH TO)l(,!l;CCTBeHHbie 

eMy OpHCHTHpbi, JIH60 Ha CHCTeMy OOI<a3aHHH npH6opoB, l<OTOpag 

coJ,u.aer B ero coJHaHHH rax Ha3blBaeM&Iii "o6pa3 noneTa". 

flpH 3TOM Ba)l(HyiO pOJib HrpaiOT TeJieCHble OlUyweHHH, 

KOTOpbie C03,D;alOTCJI CO'leTaHHCM YCHJIHH Ha OpraHaX ynpaBJieHHJI H 

OTBeTHaJI peal<U.HH caMOJieTa, Bblpil)l(eHHaH B yrJIOBblX H JIHHeUHbiX 

ycKopeHHHX (axcenepau;HOHHOe socnpHR:THe .n;BH)l(eHHH caMonera). 

CncreMa asroMamqecKoro ynpasneHHH, pa6oTa c I<OTopou 

HMeeT onepaTOpCKHH XapaKTep, KaK 61>1 "oT'ly)l(,!l;aeT" JieT'lHKa OT 

HeiiOCpe,!l;CTBCRHOfO )':IpaEJieHHJI CaMOJieTOM, 'ITO CHH)J(aeT HJIH ,Il,a)l(e 

HCl<JIIO'laeT ero BOCnpHHTHe CaMOJieTa Ha ypOBHe 

nponpeou.enTHBHhiX oru.yru.eHHH. Tenep& npu nepexo.u.e K pyqHoMy 

(Henocpe.u.cTBeHHOMy) ynpasneHmo npu npo'IHX paBHbiX yCJIOBHHX 

( CBOeBpeMeHHOe npHBJIC'lCHHe BHHMaHHJI K 06'beKry - HRDpHMep, 1< 

aBMaropH3oHry) Heo6xo.n;uMo HeKOTopoe speMH a.n;arrramm K 

OIIJ.YIIJ.eHHJO, yrpaqeHHOMY B TC'ICHHC ,nmrreJibHOfO 

aBTOMaTH3HpOBaHHOfC TIOJieTa. 

Bropaa npH'IHHa cocroHT B .n;JIHTeJibHocm l}>opMHpoBaHHH 

"o6pa3a nonera" npH cyru.ecTByiOlUHX l}>opMax HH.D:HKar(HH yrna 

KpeHa no mny "BHA c caMOJieTa Ha 3eMJIIO", xor.u.a Ha npu6ope 

HH.n;HIJ;HpyercJI no.n;BH)l(Haa JIHHHJI npu6opHoro ropH3oHTa npH 

Heno,D;BH)l(HOM (OTHOCHTCJibHO nHJioTa H caMOJieTa) CHJiyeTe 

caMonera. 

Hccne.n;osaHHHMH Ha 6om.wou cramcTHKe ycraHoBJieHo, '!To 

npH ,n;aHHOM BHAe HH,!l;HKRU.HH HMeeT MeCTO 3Ha'lHTeJihHoe 'IHCJIO 

OlllH60'!HbiX nepBH'lHbiX peai<U.HH JieT'lHKa no BblBOJIY caMOJieTa H3 

KpeHa (,n;o 9%) H 60JiblllOe 3ana3,D;biBaHHe B BOCnpHHTHH Il'QKa3aHHH 

2 
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'I (.D.O 33% cnyqaeB 6onee 3 ceK) B TO BpeMH K8K npH HH.ll,HK8IJ.HH nma 
"sH.D. c 3eMnH Ha caMoneT" cooTBeTCTB)'lOW.He noxaJaTenH paBHbi I ,4 
% u 98% cnyqaes MeHee I ceK. (,lJ;aHHble 3aHMCTBOB8Hbi H3 OT'IeToB 
J1eTHO-HCCJle.D,OB8TeJlbCKOrO J1HCTHT)'T8 HM.M.M.fpOMOBa, 
Hay'IHO-HCCJie.n.osaTeJlbCKoro HcnbiTaTeJlbHoro 11HcTHT)'Ta 
asHaKOCMH'ieCKOH Me.D.HU.HHbi H Hay'IHO-HCllbiTaTenbHoro 
11HCTHT)'T8HM. B.ll.qKanosa, 1978 ... 1984r). 

XapaxTepHo, 'ITO npu noTepe npocrpaHCTBeHHOH 
OpHeHTHpOBKH UHJIOT8MH C8MOJieTa J1JI-18, r.n.e npHMeHHJICH 
8BH8rOpH30HT C THUOM HH.D,HK8IJ.HH "BH.D, C 3eMJ1H Ha C8MOJ1eT", B 
TpeX H3BeCTHhiX cny'laHX UHJlOTbl BOCCT8H8BJ1HBaJ1H 
npoCTp8HCTBeHH)'IO OpHeHTHpOBKY H BbiBO.lJ,lfJlH C8MOJieT C 
nocne.IzyK>Illeii noca.n.xoii (23.12.65 r. Mara.n.aH, 11.12.69 r. 
Csep.D.JIOBCK, 21.01.71 r. PocToB-Ha-,lJ;oHy). B 3THX cnyqau BbiBO.D. 
C8MOJleTOB XapaKTepH30BaJlCH CJle.IzyK>IllHMH napaMeTpaMH: 

23.12.65 
HR-18 N" 75688. Ho'lb, noner npH BKJTIO'IeHHOM aBTonHJioTe 

BbiWe o6JiaKOB. 3a 43 ceK caMoneT noTepHn BbiCOTY c 8000 .n.o 4000 
MeTpOB, BepTHKaJibH8H CKOpOCTb 6blJ18 .D,OCTHrHYT8 170 MiceK, 
ci<opocTb no npH6opy Bo3pocna c 470 .n.o 730 KMiqac, 
MaKCHMaJibHbiH yron I<peHa 6b1Jl 90°, neperpy3K8 npH BbiBO.D,e 3,25 
(M8KCHMaJlbHO ,ll;OllYCTHM8H 3KCnnyaT8IJ.HOHHaH 2,5). llpH BbiBO.D,e 
C8MOJieT 6b1Jl 3H8'iHTeJibHO .D;eciJopMHpOBaH. flpH'IHHa - cny'laHHOe 
OTKmO'ieHHe8BTOllHJIOT83KHna~eM. 

10.12.69. 

Hll-18 N" 75699. Ho%, noner npu BKJTIO'ieHHOM aBTonHnoTe 

BbiWe 06JI8KOB. 3a 18 ceK C8MOJieT noTepHn BbiCOT}' C 8400 .D,O 7000 
Merpos, sepTMKaJibHaH cKopocTb 6bma .n.ocTHrHYTa 95 MiceK, 
M8KCHMaJibHbiH yrOJI KpeHa 6biJI 70°, neperpYJK8 npH BbiBO.D,e 2,5. 
CxopoCTb ysenH'IHJiaCb c 440 .n.o 600 KMI'Iac. 

21.01.71. 
HR-18 N" 75727. lloJier npu BKJTIO'IeHHOM asTonHJioTe. 3a 44 cex 

C8MOJieT llOTepSIJI BbiCOT}' C 7800 ,ll;O 5000 MeTpOB, BepTHKaJibH8H 
cxopocn 6biJia .D;OCTHrHJTa 130 MiceK, cKopocTL no npH6opy 
B03pOCJI8 C 500 .D,O 680 KM,qac, MaKCHMaJibHbiH yron KpeHa 6I>IJI 
90°, neperpYJK8 npH BbiBO.D,e 2,7 (MaKCHMaJILHO .n.onycTHMaH 
3KCnny8T31UfOHHaH 2,5). flpH BLmo.D,e C8MOJieT 6LIJI 3H8fJHTeJILHO 
.D,eciJopMHpOB8H. flpH'IHHa - OTK83 8BTOllHJlOTa HJ1H ero Cny'iaHHOe 
OTKJllO'IeHHe3KHna~eM. 
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Ilo HSllleMy MHeHifiO, 3TI:IMH npH'li:IHaMH (OTBJie'leHHe OT 

Henocpe.l(CTBeHHOfO, CeHCOMOTOpHOfO ynpaBJieHHH H 

He.l(OCTaTO'IHSH HafJIH.l(HOCTL 8BHarop1130HTOB) B 3Ha'lHTeJILHOH 

CTeneHH 06'bHCHjfi()TCB Te CJIY'IaH, KOf,l(S llHJIOTLI UI)!(eJILIX 

CaMOJieTOB, Henpe.l(HaMepeHHO nonaBlllHe B 3BOJTIOU.HIO C 60JiblllHMI:I 

yrnaMH KpeHa, He Moryr csoeapeMeHHO BLmpaBHT& nono)!(eHHe. 

0.l(HHM H3 <iJaKTopos KaTacrpo<iJ&I A-3 10 no.n 

Me)!(.l(ype'leHCKOM (22o03o94 r) 6blna noTepSl npocrpaHCTBeHHOH 

OpHeHTHpOBKH lli:IJIOTOB, a TSK)!(e I:IX HeyMeHHe a,l(eKBaTHO 

ynpaBJIHTb CaMOJieTOM B CJIO)!(HOM npocrpaHCTBeHHOM llOJIO)!(eHHI:Io 

KaK H3BeCTHO, KOMaH.l(HpoM 6Lm on&ITHbiH nnnoT (o6m~:~ii Haner 

9675 'lac, B Kaqecrne KoMaH.l(l:lpa 5595 qac, Ha caMoJieTe A-310 B 

Ka'leCTBe KOM8H.l(Hpa 895 qac), KOTOpbiH He HSXO,l(I:IJICH Ha CBOeM 

pa6o'leM MecTeo BTopoii nHJioT (nHJIOT I Knacca, o6mnii HaneT 5855 

qac, Ha caMoneTe A-310 B Ka'Iecrne BToporo nunoTa 440 qac) 

BMelllancg B ynpasneHHe npu yrne KpeHa 63°, O.l(HaKo B .nan&HeiimeM 

lllzypsan 6&m B3BT "Ha ce6g", a conyrcTsyromee ( cKopee scero, 

HenpoH3BOJILHOe) OTKJIOHeHHe ne.nanH np~:~BeJIH I< nepexo.ny 

caMoneTa B mTonop. 

Ecn, OCHOB8HH}J npe.l(BapHTeJILHO npe.nnonaraTb, 'ITO B 

I<aTacrpo<lJe no.n Xa6apoBci<OM TSI<)!(e HMeno MeCTo He'leTKOe 

npe.l(CTSBJieHHe llHJIOTOB OTHOCHTeJibHO yrna I<peHa CSMOJieTS 

(KoMaH,l.l.Mp - llHJIOT J-ro KJiacca C 06IUHM HaJieTOM 12225 'lar, li3 HI:IX 

Ha Ty-154 - 5016 'JaCOB, B TOM 'lHCJie KOMaH.l(HpOM 3974 qaCOB) 

BMelllaJIC}J B ynpaBJieHHe npH yrrre I<peHa OKOJIO 80°, HO 6e3ycnelllHO. 

B o6oHx cnyqagx ni:IJIOThi HMeJIH BLIClllyiO I<BanH<lJHKau.mo 

JIHHeHHblX lli:IJIOTOB rpa)!(.l(aHCKOH aBHSIJ.I:IH H ynpeKH}'Tb HX B 

He,l(OCTaTKe MSCTepCTBa HeT HHKaKHX OCHOBSHHH. 

IlpoBe,l(eHHLIH B 1973 r 8HaJIH3 MSTepHaJIOB no BLIBO.l(y 

caMOJieTa JiiJI-]8 H3 rny60KHX I<peHOB, BLinOJIHeHHLIH focHHH fA, 

OKE "JilnbiOlllHH", JleTHo-Hccne.nosaTeJ!bci<HM HHCTHzyTOM 

as~:~anpOMLIIIIJieHHOCTH H UA,flif fiOKa:laJI, 'ITO npH nona.naHHH 

CaMOJieTa B CJIO)!(HOe npocrpaHCTBeHHOe llOJIO)!(eHHe C 6oJ!bllli:IM 

I<peHOM Re06XO.l(HMO B nepByiO O'lepe.l(b BLIBO.l(HTb caMOJieT 1:13 

KpeHa, a 3aTeM H3 CHH)!(eHH}J, llOCKOJlbJ<Y B3}JTHe urrypBana "Ha 

ce6g" ,l(O BLIBO.l(a H3 KpeHa nepeBO.l(HT CaMOJieT B I<pyryro CUHpaJib C 

onycKaHHeM HOCa H YBenH'leHHeM B~pTHKaJlbHOH CKOpOCTH 

CHH)!(eHH}J. IIonLITKH B&tso.na caMonera H3 co3.l(aBlllerocg 

CnHpaneo6pa3HOfO ,l(BH)!(eHH}J TOJlbKO C fiOMOIU&IO B3JI'I'IDI mrypsana 

"Ha ce6g" OKa3biBaiOTC}J He34J<lJeKTHBHbl!.tl:l H CB}J3aHbl C OllaCHbiMH 



'., 
I' ' 

• I TIOCJieJJ:CTBIHIMH, T.K. caMOJieT B KOHelJ.HOM HTOre MO:lKeT Bb!HTH 3a 

rpaHHQbl JJ:OTIYCTHMbiX orpaHHlJ.eHHH. 

B cnyqae HecsoespeMeHHoro BMernaTeJibCTBa B ynpasneHHe, 

OCOfieHHO npH 3alla3,!I;biBaHHH C BbiBOJJ:OM CaMOJieTa H3 KpeHa, eCJIH 

pe:lKHM pafiOTbi JJ:BHraTeJieH OCTaeTC.ll HeH3MeHHbiM H COOTBeTCTByeT 

HCXO,n:HOMY pe)I(HMY llOJieTa Ha 3llieJIOHe,. poeT KpeHa 

COllpOBO)I(Jl:aeTC.ll 3HeprH'IHbiM HapacTaHHeM CKOpOCTH, npe,n:eJibHhle 

3Ha'IeHH.ll lJ.HCJia M H Vnp .n:ocTHraiOTC.ll .n:ocTaTOlJ.HO fibicrpo {qepe3 

20 ... 25 CeK), 'ITO MO)I(eT npHBeCTH K C03.D:aHHIO Ha fiopzy CJIO)I(HOH 

CHzyaQHH. 

Pa.n:HKaJibHOH npocJmJiaKTHKOH Monm 6bi 6biTb cne.n;yromue 

MeponpHSITHH: 

) .-TpeHHpOBKH llHJIOTOB B BbiBOJJ:e H3 CJIO)I(HOrO npOCTpaHCTBeHHOro 

noJIO)I(eHH.ll Ha rpeHa)l(epax npu HeO)I(HJJ:aHHOM nona.n:aHIUI B Hero; 

2.-nepHOJJ:H'IeCKHe npoB03KH Ha MaHeBpeHHbiX CaMOJieTaX C 

3JieMeHTaMH llHJIOTa)l(a; 

3.-nepHOJJ:H'Iecxoe (B Te'IeHne .n:muenbHoro noneTa) py'l.Hoe 

ynpasneHue noneTOM .D:JIH coKpameHHH speMeHH ,n:e3a,n:anTaQHH K 

llHJIOTHpOBaHHIO H BOCCTaHOBJieHH.ll "-qyscTBa MalliHHbi"; 

4.-.n:onoJIHHTeJILHbie uccne.n:osaHHH HopM 11emHou zoOHocmu B -qacTH 

rpe6osaHHH K 4JopMe HHJJ:HKaQHH npH6opHoro ropH30HTa, 

OC06eHHOCTeH ,n:e.liTeJibHOCTH TIIIJIOTa npu npHMeHeHHH 

BbiCOKOaBTOMaTH3HpOBaHHbiX CHCTeM aBTOMaTHlJ.eCKOrO 

ynpaBJit"HIDI nOJieTOM. 

3TH MeponpH.liTH.ll Hy)I(Jl:aiOTC.ll B JJ:OllOJIHHTeJihHhiX 

uccne.n:osaHH.liX. MLI pacnonaraeM Hay'IHbiM H MeTOJJ:H'IeCKHM 

"3a,n:enoM" .D:JI.ll HX npose.n:eHHH, HaMepeHLI Hx npoBOJJ:HTb s 

6JIH)I(anrneM 6y.n;ymeM u npe.n:naraeM o6cy.D:HTL nepcneKTHBY 

npose,n:eHHH cosMeCTHbiX Hccne.n:osaHHii. EcJIH Bac HHTepecyroT 

,n:aHHbie TIO KaKHM-HHfiy.D:b .n;pyrHM KOHKpeTHbiM npOHCllieCTBH.liM, 

MLI roTOBLI HX BaM coo6IQHTL. 

3aMecTHTeJIL llpe.n:ce,n:aTeJI.ll 

3aMecrnTeJib llpe.n:ce,n:aTeJIH ~Mffcc~IH 
no paccne.n:osaHHIO ~qlf'¢W~c1rB~tn 

3aMeCTHTeJIL Ha'IaJILRHKa 

JleTlJ.HK-HCTibiTaTeJib 
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INTERSTATE 
AVIATION COMMISSION 

117292 Moscow 

Ul. Krzhizhanovskogo, Bldg. 7, Korpus 1 

Tel.: 125-14-52, fax: 129-51-44 

0200200 

14.03.96, No. 05-569 

Dear Mr. Schleede, 

To: Deputy Director 
Office of Aviation Safety 

Mr. Ron Schleede 

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 aircraft, 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 offorces [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", 
bas 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 contro~ 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 (wtth 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 well-known cases involving loss of spatial orientation, pilots of ll-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 

11-18 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 

11-18 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 

1/-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-31 0 captain), was not seated at his 
position. The co-pilot (pilot first class·, total 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 as.;ume 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, ofwhich 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 ll-18 aircraft from steep banks, conducted 
by the State Scientific Research Institute of Civil Aviation, the llyushin 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 ofM and V [refers to Mc:tr and Vdf- 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 ofthese 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 scieatific 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 oe pleased to provide 
them. 



Deputy Chairman of the Commission 

//signature// 

Deputy Chairman of the Commission 
for Aviation Accident Investigations 

//signature// 

Deputy Chief of the Scientific Technical Center 
Test Pilot 

I /signature/ I 

R. Tejmurazov 

V. Kofman 

V. Ovcharov 




