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at Charlotte, the NTSB stated that the

crews can use a specific distance

crew's nonpertinent conversations Numerous accidents and from the airport or the beginning of
“were distractive and reflected a casual descent as a signal to begin sterile
mood and lax cockpit atmosphere, serious incidents have cockpit procedures.

which continued throughout the re-
mainder of the approach and which
contributed 1o the accident” In the Dal-
las-Fort Worth accident, the NTSB said
that “had the captain exercised his re-
sponsibility and asked the flight atten-

occurred when the flight

crews diverted their attention

The FARs never intended to prohibit
functions that are necessary for flight
safety. Items that must never be stifled
include: accomplishment of check-
lists, crew callouts, procedural dis-

dant to leave the cockpit or, as a ﬁ-om the tasks at hand and cussions, voicing safety concerns and
minimum, stopped the nonpertinent ) . crew interactions such as acknow-
conversations, the 25-minute taxj time . o ae ledgments and commands. Con-
could have been used more construc- engaged In activifies versely, because they are not related to
tively and the flap position discrepancy the safe operation of aircraft the
might have been discovered.” unrelated to ﬂying. regulations specifically prohibit the

following during critical phases of

The cockpit of an aircraft during taxi- .

out or approach is neither the time nor the place for
nonflight-related conversation. Numerous accidents and se-
ricus incidents have occurred when flight crews divented
their attention from the tasks at hand and engaged in activi-
tics unrelated to flying.

In 1981, the U.S. Federal Aviation Administration (FAA}
enacted Federal Aviation Regulations (FARs) Part 121.542
for air carriers and Part 135.100 for air taxi operators.
“Flight Crewmember Duties,” also known in the industry as
the “sterile cockpit rule,” are the subject of these two parts
of the FARs. These regulations prohibit crewmembers from
performing nonessential duties or activities while the air-
craft is in a “critical phase of flight.”

The FARs define “critical phase of flight” as all ground
operations involving taxiing, takeoff and landing and all
other flight operations conducted below 10,000 feet (3,050
meters) mean sea level (MSL), except cruise flight.

The Federal Register explains the FAA's rationale for the
rule making: “Critical phases of flight ... are the phases
of a flight in which the flight crew is busiest, such as
during takeoff and landing and instrument approaches.
‘When many complex tasks are performed in a short time
interval, distracting events could cause errors and signifi-
cant reductions in the quality of work performed. The
performance of a gon-safety related duty or activity when
flight crew workload is heavy could be the critical event
which precludes 2 flight crewmember from performing
an essential task such as extending the landing gear prior
to touchdown.™

There are situations where 10,000 feet MSL might be an
insufficient boundary for defining the critical phase of
flight. At high-altitude airports, 10,000 feet zbove
ground level (AGL) may be a more approprizate boundary.
For flights with cruise altitudes below 10,000 feet MSL,

flight: “non-safety related [radio calls)
as ordering galley supplies and confirming passenger
connections, announcements made to passengers promoting
the air carrier or pointing out sights of interest and filling
out company payroll and related records, ... eating meals,
engaging in nonessential conversations within the cockpit
and nonessential communications between the cabin and
cockpit crews, and reading publications not related to the
proper conduct of the flight ... "

Responsibility To Maintain Sterile
Cockpit Shared by Crewmembers

The regulations are carefully worded to apportion the
responsibility of keeping the cockpit “sterile™: “Regard-
ing crewmember involvement with nonessential
activities: No flight crewmember may engage in, nor may
any pilot in command permit ... nor may any flight
crewmennber perform ... .” Responsibility for main-
taining the sterile cockpit is on each crew member. If any
duties except those duties required are conducted during
the critical phase of flight, the pilot in command must not
permit them to continpe.

The FAA also places the regulatory responsibility in the
hands of companies: “No certificate holder shall require ...
any flight crewmember (1o} perform any duties during a
critical phase of flight except those duties required for the
safe operation of the aircraft.” [Italics added for emphasis.)

The following repost was submitied to the U.S. National
Acronautics and Space Administration (NASA) Aviation
Safety Reporting System (ASRS).* The report illustrates
how poorly designed company procedures can contribute
to unsafe conditions.

“Distracted by flight attendant with passenger count. [We]
took off, and to this moment, I do not remember being
cieared for takeoff. This had the potential for a ‘Canary

-3
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Problems ldentified in 2 Nonrandom Sample of 63
Aviation Incidents and Events Related to
Sterile Cockpit Viclations

14%

14%

B Atitude Deviations

Course Deviations

General Distractions
(] Near-Midair Collisions
B Runway Transgress-ions Takeoft/Landings — No Clearance

Source: 1.8, Nationa! Aeronautics and $pace Administration, Aviatibn Safety Haporﬁng System

Figure 1

distracrion of the passenger announcement [cansed vs
10 overshoot] altitude [by] 500 feet [152 meters].” An
additional nine similar reports were among the 63 in
the ASRS review,

Sightseeing

*Nowhere does Webster's [Dictionary] define “sight-
seeing” as an activity that is essential to_the safe
operation of aircraft.” said the ASRS researchers who
found three such reports in its review. “When sight-
séeing is conducted by flight crewmembers below
10,000 feet, not only is it potentially dangerous, but it
is illegal.”

The cockpit voice recorder {CVR) transcript of
Flight 212 illustrated the danger of sightseeing
(page 5).

“1t is apparent that during this discussion 2 consider-
able degree of the flightcrew’s attention was directed
outside the cockpit,” the NTSB said. “This particular
distraction assumes significance because during this
period the aircraft descended through ... the altitude

which should have been maintained until it crossed ...
the final approach fix (FAF).”

Flight Attendant
Notification Policies Vary

Becanse the cockpit should remain sterile below 10.000 fest
MSL, cabin crews need a method of determining whether the
aircraft is above or below 10,000 feet. A 1988 10.S. Depart-
ment of Transportation (DOT) report highlighted cabin crew
difficulties determining precisely when sterile cockpit proce-
dures were in effect.’” DOT reszarchers surveyed pilots and
flight anendants, and of the 35 flight ettendants from 16
sirlines who responded, 80 percent said that their companies
had a signal or policy to indicate when'sterile cockpit proce-
dures were in effect. Nevertheless, some confusion was sug-
gested by the respondents; some flight attendants stated that
their airlines bad such procedures, while others from the
same airlines said no such procedures were in place.

Flight attendants reported several differemt procedures by
flight erews for notifying the cabin crews when sterile cock-
pit procedures were required. “Some airlines have advo-
cated the 10-minute rule, i.e., the sterile cockpit rule should

N~
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procedures are in effect is an indicator light above the cockpit
door or on the annunciator panel.” Unlike a discrete tone or a

PA announcement, this method was less likely to be missed or -

confused with another signal, according to the report. For
optimum performance, a light should be installed near the
cockpit door and adjacent to the interphone on each flight
attendant communications panel. The indicator light's major
disadvantage is that it requires installation.

Misinterpretations of
Sterile Cockpit Are Possible

Although the sterile cockpit was implemented to increase
safety by minimizing distractions during critical flight
phases, there is evidence to suggest that safety can be im-
paired by misunderstandings. An airline captain, for ex-
ample, was observed reprimanding his first officer ‘for
accomplishing the after-takeoff checklist below 10,000 féet.
The first officer’s actions, however, were entirely appropri-
ate because the checklist function was required for flight
safety and was clearly stated as such in the company’s
operating procedures.

Misunderstandings can also prevent important safety-
related information from reaching the flight deck.

« “Flight attendants, many a]reaay intimidated by the author-
ity and mystique of the flight deck, are expected to deter-

7

mine which situations are essential to the safe conduct of
the flight,” according to Rebecca Chute and Earl Wienerina
recently published crew communications study.® “Rather
than take the chance of being wrong and thereby breaking
the law or, at the very least, embarrassing themnselves and
perthaps subjecting themselves to a reprirnand from the cap-
tain, they [may fail to] communicate valuable, safety-
related information to the pilots.”

In 1984, a United Air Lines Boeing 727 encountered a
severe wind shear on takeoff from Stapleton International
Airport, Denver, Colorado, U.S. The wind shear cavsed
the takeoff roll to be excessively long, resulling in the
727's underside being dragged through the localizer
antenna at the departure end of the runway. The antenna
punctured the fuselage and remained lodged there. The
cockpit crew was unaware that the aircraft had struck the
antenna, but could not determine why the aircraft would
pot pressurize. The flight attendants, on the other hand,
had heard and felt a loud thump and vibration shortly after
takeoff, but did not notify the cockpit crew because of the
sentor flight attendant’s desire to adhere to the sterile
cockpit procedures. Capt. Ricky Davidson, chairman of
the U1.S. Air Line Pilots Association's (ALPA) Accident
Survival Committee, said, “It is crucial [that flight
attendants] understand that it is better to risk interruption
and break the sterile cockpit rule than to fail to
communicate.”™

Violations of the Sterile Cockpit Tabulated in Review of 63
NASA ASRS Reports Involving Sterile Cockpit Noncompliance

Extraneous Conversation
Distraction by Flight Attendants
Nonpertinent Radio Calis x93

Public Address Announcements &2

Sightsesing

Source: U.S. National Aeronautics and Space Administration, Aviation Safety Reporting System
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3. U1.S.Federal Register. Volume 46, No. 2. Elimination

of Duties and Activities of Flight Crewmembers Not

Required for the Safe Operation of Aircraft. Final -

Rule. Pp. 5500-5503. January 19, 1981.

U.S. National Aeronautics and Space Admini-
stration (NASA) Aviation Safety Reporting System
(ASRS) is a confidential incident reporting system.
Each month ASRS receives approximately 2,500
reports, the majority of which come from air carrier
pilots. These reports are often rick with infor-
mation, as many reporters describe in detail their

perspective of the circumstances surrounding an_

incident.
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report. Moreover, it appears that there is a level of ani-
mosity between the two crews that may be based on a
lack of awareness and understanding of the duties of the
other crew members during flight.

In the captain’s view, the flight attendant did not comply
with his request for a meal to be served immediately and
exhibited a lack of concern for his well-being and, there-
fore, that of the flight. In addition, he believed that the
flight attendant violated the “sterile cockpit™ regulation
{U.S. Federal Aviation Regulation (FAR).121.542)] by
entering the cockpit below 10,000 feet to remove the
meal trays. The captain’s view is also intensified by the
perception that the flight attendant is only answerable to
the marketing department, making the chain of command
on board the aircraft ineffectual,

Several changes in aviation compel a re-examination
of the safety implications of cockpit/cabin communica-
tion: crew resource management (CRM), previously con-
fined to the cockpit”; the emergence of the two-pilot
crew, even on wide-body jets and trans-oceanic routes;
and the recognition by the U.S. National Transportation
Safety Board (NTSB) of the critical role of cockpit/cabin
communications in accidents and incidents.*

11

* Psychological isolation -— personality differences, mis-
understanding of motivations, pilot skepticism and
flight attendant ambivalence about chain of command;

= Regulatory factors — sterile cdckpit confusion and
licensing issues; and,

* Organizational factors — administrative segregation,
training differences and schedules.

Some of the differences can be traced to the origins of
the professions themselves. The first flight attendants
were known as “skygirls.” They were required to be
under 25 years of age, weigh less thar 115 pounds, be
under 5 feet 4 inches (162.6 centimeters) tall, single and
female. The height and weight restrictions originally were
based on aircraft weight and balance limitations. (Today,
this is not a consideration, but their weight is still moni-
tored for marketing reasons.) In addition to serving box
lunches to passengers, duties included swarting flies be-
fore takeoff and cleaning passengers’ shoes during the
flight. Subservience and compliance were important at-
tributes in the skygirls.

A 1930 manual admonished them to

Deficient crew communication has been
cited in a number of accidents and inci-
dents as a contributing factor. In 1989 an
*Air Ontario Fokker F-28 crashed on take-
off at Dryden, Ontario, resulting in 24
fatalities. An investigation found that flight
attendants withheld critical information
{wet snow on the wing) for a number of
complex reasons. Among those reasons
cited were professional respect, an as-
sumption that the pilots were aware of all

-Several changes in
aviation compel
‘a re-examination
of the safety
implications of
cockpit/cabin
communication ...

“maintain the respectful reserve of the
well-trained servant when on duty.”
Interactions between the pilots and
skygirls were guided by another rule
to “treat captaias and pilots with strict
formality while in uniform. A rigid
military salute will be rendered as they
go aboard and deplane.™® Passengers
liked the attentive service that the sky-
girls offered, and airlines grew to view
the skygirls as a marketing asset. In
the decades since the inception of

pertinent information and a reluctance to
second-guess the pilots.®

“This reluctance was also evident in the January 1989 British
Midiands Boeing 737-400 accident when the captain re-
ported {over the public address system) a problem with
the right engine, but the passengers and cabin crew could
see fire on the left engine. The error went uncorrected
and the captain proceeded to shut down the only good engine.

An examination of accident and incident reports, includ-
ing federal agency reports and reports in aviation history
books, and visits by the authors to joint training classes
of cockpit crews and cabin crews, suggest that five basic
factors have influenced the differences between the two
cultures and perpetuate the division and the problem.
The factors are: :

« Historical background — origins of the jobs and their
influence on personal attributes and anitudes oday;

* Physical separation — lack of awareness of other’s
duties, responsibilities and problems, each influenced
by lack of physical proximity;

inflight service, the image of the flight
attendant has been glamorized and popularized in the
media and by the air carriers themsejves.

The role of the commercial aviator evolved from daredevil
barastorming and the bravado of the coast-1o-coast air mail
flights of the 1920s."

‘While the populations of both cultures are now large and
diverse, members of the two groups still exhibit some
characteristics that have been imbued by tradition and val-
ued by their peers and management. An independent spirit,
for example, is still prized among pilots, and a gracious
demeanor is well regarded in flight attendants.

The commercial airliner has long been divided into two
geographical environments: the cockpit and the cabin.
Each environment has distinct boundaries, space con-
straints and technological differences. These physical
differences have ramifications when a member of one
crew enters the other crew’s domain.

The physical barrier of the cockpit door exacerbates com-
munication difficulties. The lack of contact results in

N7
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The stewardesses were also forbidden to conduct conver-
sations with pilots on duty or to enter the field office
except when necessary. Remnants of this historical phi-
losophy still characterize some crew member interactions.

David Adams, Australian accident investigator, observed:
“If you look at almost any company, you will usually find
that the cabin attendants and the flight crews are very very
clearly separated. They work for different branches of the
company in most cases. The culture is one of almost complete
separation. Yet the fact of the matter is, in a safety situation,
these two sections of the company have to work together.
And the consequences of not efficiently working together
quite often means a bunch of people get killed.™®

Compounding the departmental obstacles, crews often work
together for only one or two flights of a sequence. They ¢an
work with as many as four or five different crews in one day.

Additional research supported the concept that familiar-
ity played an important role in the quality of flight operations.*
It was found that post-duty flight crews performed at a
higher operational level than pre-duty crews. In fact,
there were no cases where pre-duty crews were rated
better than post-duty crews. This finding was attributed
to the fact that post-duty crews had in-

13

It has become increasingly vital that cabin crews be knowl-
edgeable concerning aircraft systems and architecture.
Valuable time can be wasted in the inaccurate transfer of
information, especially when pilots cannot leave the flight
deck to validate the accuracy of the information. In the
1989 United Airlines Sioux City accident, a flight atten-
dant 10ld the cockpit crew there was damage to the “back
wing.”™ The second officer proceeded to the cabin and
looked at the wing, but the damage was to the horizontal
stabilizer rather than the wing. [The DC-10 was flown by
manipulating the power controls of the two engines that
remained functioning after a third engine’s fan rotor failed
and caused the loss of all the aircraft’s hydraulic controls.
The aircraft crashed at the airport 45 minutes after the
engine failure. Of the 285 passengers and 11 crew mem-
bers aboard, 174 passengers and 10 crew survived.] The
implications of an inadequate command of aircraft termi-
nology and mechanical knowiedge are potentially seri-
ous. Fortunately, in the Sioux City situation there was
sufficient time available and enough personne! in the
cockpit to check the flight attendant's information. In a
more time-critical situation, valuable time could be wasted
rediagnosing the problem or taking the wrong solutio

path. :

creased familiarity, more accurate expec-
Yations and comfort with each other’s style
of communication. It should follow that
the entire flight crew would function at a
higher level if given an opportunity to
develop a rapport and a smooth operating

Formal briefings
and introductions
can alleviate some
of the detrimental

Despite the fact that there is much
anecdotal evidence of coordination dif-
ficulties between the cockpit and the
cabin crews, no empirical data ex-
isted on the depth and breadth of these
issues. Therefore, a survey was con- -

system. P ducted of crew members at two U.S.
Although cabin crews typically board impact O;f ..short airlines to investigate communication
ga cabl ypically board a crew pairings. issues between the two cultures based

flight 45 minutes before departure. pilots

on the five identified factors. Only

often join the flight minutes before or
during boarding. Briefings and introductions are there-
fore often precluded by this lack of availability. Formal
briefings and introductions can alleviate some of the
detrimental impact of short crew pairings. A briefing can
establish expectations, set the tone for crew intesactions,
address particular problems or requirements for a flight and
serve as a refresher for emergency and security proce-
dures. At the very least, an introduction can set the tone

and open communication for ongoing requests and clari-

fications. The omission of briefings and introductions
can carry serious implications in emergency situations
when crew members must work as a team but may not
have met each other prior to the flight.

Training exaggerates the problem by creating gaps in the
instruction that crewsreceive. Flight attendants from one
airline, for example, were trained for nine years that in
an emergency they could expect to receive four critical
pieces of information from the cockpit crew: type of
emergency, signal to brace, signal to evacuate and time
available to prepare. To a person, the airhine’s pilots had
never heard of this procedure and even had difficulty
guessing what the four pieces of information were.

the data on organizational factors will
be reported here.

The subjects in this study were 177 current line pilots
and 125 flight attendants who voluntarily returned
surveys (302 total).

The general survey comprised 30 objective ques-
tions designed to probe the five identified factors with
multiple choice, yes/no and five-point scale responses.
For example, the following item phrased for flight attendants
investigated sterile cockpit confusion: “How often are you
unclear under which specific circumstances it is appro-
priate to interrupt the sterile cockpit? The following question

" was designed to measure flight attendant reluctance to

communicate with the flight deck: “If turbulence occurs
and the flight deck docs not turn on the seat belt sign, how
often do you call them and ask for it to be turned on?” Equi-
valent questions were asked of the pilots in appro-
priate language. Both of these guestions offered a five
point range of response options from “pever” to “frequently.”

Of the 80O surveys distributed, 302 were completed and
returned for a response rate of 38 percent.

-1
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Crew Rankings of Briefing Toples
In Order of Importance

[0 Fiight Attendants {124}
T Fiiots (148)
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Security
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Source: Rebecca D. Chute/Earl L. Wiener

Figure 2

briefed at all. This would result in the majority of thé cabin
crew not receiving a briefing from the flight deck as well as
the impression that those briefings were infrequent. An-
other factor could be that the lead flight attendant was not
passing the information to the rest of the cabin crew, leav-
ing the impression that there had been no cockpit briefing.

Having established that crew briefings are desirable, what

~kind of information should be conveyed? Crews were
very clear about which elements of a briefing were important
to them. They were asked to rank each element in terms
of importance or to indicate that a topic was not important by
leaving it blank (Figure 2). Both flight attendants and
pilots ranked setting the tone for crew communication as
the most important element of a briefing. Flight attendams
ranked emergency procedures as a close second; however,
pilots ranked weather as the second most important topic.
Both regarded information aboui crew meals as least
important. Flight attendants rated discussion of security
information higher than the pilots.

Two items probed the frequency of flight attepdant-
initiated introductions and pilot-initiated introductions. Once
again there was considerable disagreement betwéen pilots
and flight attendants regarding their perception of the fre-
quency of introductions (Figure 3 and Figure 4, page seven),

Flight attendants repeatedly requested pilot briefings and
introductions. The study asked respondents to complete
the sentence “I like it when pilots ... .”

Responses included: “Hold briefings ~ or at least intro-
duce themselves and establish communication™; “Introduce
themselves and give a short briefing regarding communi-
cation, etc. It shows respect™; and, “Introduce themselves,
give us a briefing on what they like 16 do in emergencies.
Let us know about any problems that may arise including
weather and delays.”

Pilots also requested anecdotally that fiight attendants go
out of their way to introduce themselves, although to a

15

lesser extent. This is consistent with findings that U.S.
pilots scosed low relative to flight attendants on &
dimension where importance was placed on the coordination
of cockpit and cabin crew.® Consequently, it appears that
each crew often waits for the other to introduce themselves,

These findings provided the first empirical evidence that
prablems existed in cockpit/cabin coordination and
communication. The crews perceived that they operated
as two distinct crews with many barriers between them.
These findings indicated that each group believed that it
was doing a good job of trying to communicate with the
other, but the other group's efforts were inadequate. They
appeared to recognize that a gulf existed between them,
and wanted to reduce the distance by administrative
unification and longer crew pairings. In addition, cock-
pit crews may have been underestimating the gravity
with which flight attendants viewed briefing topics such
as security and emergency procedures.

Issues about crew communijcation and coordination have
been successfully addressed by CRM. CRM has been
defined as “using all available resources — information,
equipment and people to achieve safe and efficient flight
operations.™ ’

CRM has been widely recognized and used by airlines
throughout the world becanse of its value to the improve-
ment of communication and coordination of flight crew
members. Thus, a model exists that could extend CRM
beyond the flight deck to the cabin crew. Data suggest
that CRM training could bring these two disparate cuitures
into greater cohesion. ‘

Another resource that vields valuable data is NASA’s
ASRS program. ASRS is a confidential, anonymous reporting
mechanism for all types of safety-related aviation incidents.

To date, the reports have primarily come from pilots and
controllers, although it is intended to be used by mechanics,
flight attendants and even passengers. However, flight

Contrasting Perceptions of the Frequency of
Pilot-initiated Introductions to the Cabin Crew

0% .
] Fiignt Anendants {122)
1 Pacis (175)

Never Somatimes inmﬂv
Source: Rebecca D. Chute/Ear L Wiener
Figure 3
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1cquirements to be seated with belt fastened except for
takeoff and landing.

Although passengers outpumbered flight artendants 20 to one
on turbulence-accident flights, flight attendants
sustained serious injuries nearly as ofien as passengers
(Tables 5-7, page 4). The majority of these injuries occurred
while flight attendants were conducting normal duties or
were attempting to secure the cabin and passengers after
the seat belt sign had been illuminated.

Fifty-five percent of all reported serious injuries occurred
during the cruise phase of flight, and nearly 40 percent
occurred during descent (including approach). Most seri-
ous injuries (60 percent} occurred after the seat belt.sign
had been illuminated in adequate time for passengers to
comply. In all except one of these cases, passengers who
were injured had failed to comply with the seat belt sign
and verbal instructions by the crew.

-

The most common types of serious injuries for both flight
attendants and passengers were fractures of the legfankle/
foot and back/spinal injuries (Fable 8, page 5). In some
accidents, loose objects in the cabin, such as serving
carts, caused serious injuries. Further study is recommended
to determine the extent to which loose objects and interior
cabin design contribute to serious injuries,

-

Turbulence-related injuries are preventable. Of the 5,501
passengers, 281 flight attendants and 132 flight crew
members on board turbulence-injury flights, only one
serious injury was documented in which the injured person
was restrained by a seat belt. Passengers who disregard the

19

seat belt sign and verbal crew instructions expose them-
selves and flight attendants to unnecessary risk.

"Flight attendants are at the greatest risk of turbulence-

related injuries because they often continue working after
the seat belt sign is illuminated unless advised by the flight
crew to discontinue cabin service. Even flight attendants
5o advised are frequently delayed in being seated because
they are securing equipment and checking passenger seat belts,

The relative infrequency of wrbulence-related injuries
on Part 135 commuter flights merits further study. Although
some reasons for this appear obvious — shorter flight
segments, less room to move about and lower cabin
ceilings — some knowledge gained from studying this
type of operation might be applied to reduction of turbu~
lence-related injuries in Part 121 operations.

While emerging technology enhancing the pilot’s ability
to predict and/or avoid turbulence may result in fewer
wrbulence-related accidents, steps can be taken now to
reduce injuries at little or no financial cost 10 carriers.

These steps include increased flight attendant enforce-
ment of seat belt sign compliance, increased flight crew
and flight attendant awareness of turbulence risk to
flight attendants, improved cockpit/cabin communica-
tions and promotion of increased passenger awareness
of the need to use seat belts at all times except when
movement about the cabin is necessary and permissible.
A joint government/industry effort should be initiated to
determine the most effective way of communicating this
important message to airline passengers, #FCV

TABLE 1 — Total Turbulence-related injuries 1882-1991

U.S. Federal Aviation Regulations Phu_g of Flight .
Part 135 Total Climb Cruise Descent
Flights 1 0 1 0
Serious Injuries 1 0 1 0

* flight attendant RS (ol (1 (o}

* passenger {0] [0] [0 [0
Minor injuries ¢ 0 0 0 0
U.S. Federal Aviation Regulations Phase of Flight
Part121 Total Climb Cruise Descent
Flights 54 8 29 20
Fatal Injuries 1 0 1 0

. Serlous Injuries 78 4 43 an

» flight attendant [ 37 (2 22 ‘ [ 13}

* passenger - [ 4N (2] [ 21) [ 18]
Minor Injuries 320 1 198 121

» flight attendant [ 70) [0 [ 28] s

* passenger [250) [1 {160] [ 89]

* Miner injuries on flights in which no serious injury occurred are not included in this analysis.
Source: U.S, Federal Aviation Administration, U.S. National Transportation Safety Boarg
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TABLE § — Turbulence-related Injuries — Seat Belt Sign Not [lluminated 1382-1991

(Unanticipated Turbulence)

21

U.S. Federal Aviation Regulations Phase of Flight
Parf 121 Total Climb Cruise Descent
Flights 13 1 9 3
Serious injuries 17 1 13 3
» flight attendant [12) {1 [ 8] (3]
* passenger [ 5] {0] [ 5] [0]
Minor injuries 56 0 55 1
¢ flight attendant 23] {0} [23] [0]
* passenger [33] [0] {32] -1

TABLE 6 — Turbulence-related Injuries — Seat Belt Sign llluminated

With Insufficient Time to Restrain Occupants* 1982-1991

U.8. Federal Aviation: Regulations Phase of Flight
Part 121 Total Climb Cruise Descent
Flights 7 0 5 2
Serious injuries 14 0 12 2
e flight attendant [ 6] [0] [ 5] [1]
« passenger i8] [0] [ 7] [1
Minor injuries 24 0 24 0
« flight attendant [ 7] [0} 17] {0]
* passenger [17] i0) {17] [0}

* Except in one case, turbulence occurred within seconds after the seat belt sign had been iliuminated. One
passenger was in the lavatory when the sign was illuminated approxsmately four mmutes prior o

encountering turbulence,

TABLE 7 — Turbulence-related lniuries — Seat Belt Sign lHluminated

In Adequate Time to Restrain Occupants 1982-1 991

U.S. Federal Aviation Reguiations

Part 135

One flight, one serious flight attendant injury; flight attendant was hit by a loose objec!

in the galley.

U.S. Federal Aviation Regulations | N - Phaseof Flight .

Part 121 Total Climb Cruise Descent

Flights 34 4 15 15

Fatal injuries 1 0 1 0

Serious injuries 47 4 18 25
e flight attendant [ 19] 1 [ 9 [ 9]
* passenger [ 28} [3] {09 [ 16}

Minor injuries 240 1 119 120
e fiight attendant [ 40] {0 [ 8] [ 32)
e passenger [200] [1] [111] [ 88)

A DC-3 flight resulted in one fatality, two serious injuries and 23 minor injuries to passengers. The seat belt
sign had been on since departure and passengers had been verbally briefed to remain seated, but flight
attendants indicated the seat beit instruction had not been enforced. According to fiight atiendants, all injured
passengers were either standing in the aisle, in lavatories or seated without belts on.

In accidents in which the seat belt sign was on with sufficient time, all but one injured passenger failed to comply
with the seat belt sign and verbal instruction by the crew. The injured passenger who was restrained stated that
he was pulled back down into his seat by his seat belt after impacting the ceiling.

Source: U.S. Federal Aviation Administration, U.S. National Transportation Safety Board

-1
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Advances in Medicine and Data Technology
Will Bring Dramatic Changes to Civil
Aeromedical Certification Process

Healthier lifestyles, new medical treatments and computer
technology are making it easier for pilots to achieve and
maintain medical flight certification.

y

Stanley R. Mohler, M.D.
Wright State University School of Medicine
Dayton, Ohio, U.S.

o

The first minimum medical standards for pilots were
established in Germany in 1910." These standards, and
standards developed in other countries in the following
years, were developed by military authorities to prevent
people who might not be fit for military flight operations
from becoming, or remaining, military pilots.

The era of human flight began during a time when tuber-
culosis was rampant. Streptococcal throat infections caused
theumatic heart disease as well as kidney disease; typhoid
fever was widespread, and poliomyelitis caused perma-
nent disabilities in survivors. After recovery from child-
hood diseases such as measles, chicken pox, mumps and
diphtheria, millions of individuals experienced permanent
adverse effects. The life expectancy during this period in
the United States was about 50 years of age.

During World War 1, some physicians assigned to'exam-
ine pilots were given flight training, and the term “flight
surgeon” was coined by the U.S. military.! A flight surgeon
manual was published by the U.S. Government Printing

Office, and the standards and tests it contained empha-
sized selecting people who could perform flight duties in
addition to military missions.? A schoo} for military flight
surgeons was established in New York in May 1919 and
subsequently moved to Brooks Field, Texas, in December
1922.' As military flight surgeons returned to civilian
life afier World War I, some of them became civilian aviation
medical examiners when a U.S. federal regulatory program
was established in 1926.%

The new civilian standards were relatively simple (less than
two pages in a very small booklet) and had provisions for
waivers.! U.S. civilian medical standards remained relatively
unchanged until 1958, when the U.S. Federal Aviation
Agency (FAA) [later the Federal Aviation Administration] was
established and additional more-specific standards were
prepared. The standards were proposed in 1959 for each
of the three classes of medical certificates.® The requirement
for a resting electrocardiogram (ECG) at age 35, age 40 and
each year thereafter was developed by the FAA for Class 1
medical certificates (for airline transport pilots) at that time.
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% : ) ' Table 2
A Average Expectation of Life in Years in the United States
‘Expected Years of Additional Life?!

AGE/SEX : - WHITE ; ‘BLACK ALL RACES®

. Age20: Male 54.0 467 53.3

Female £0.3 553 ‘ 59.8

© Aged0: Male N 35.6 i 30, 35.1

j Female 41.0 ; 36.8 40.6

. Age50: Male 26.7 225 264

: Female 316 282 31.3

. Age65:  Male ' 15.2 : 13.2 151

L Female 19.1 S 17.2 18.9 !

"AQgein 1880 . (1) As anindividual becomes oider, the individual's likelihood for additional years of life will increase.

{2) ncludes respondents wha did not identify themselves as Black ot White. Can include those of
Asian, Native American, Eskimo or Pacific Island origin.

+ high-performance career. Thus. the benefits of enhanced
i pupulation health and advances in science. medicine and
| aeronautics must be appreciated by air crew members

and applied in their private and working lives. The same
holds true for modern flight surgeons who. after devel-

| oping trust. should work with air crew members 1o pre-

vent disease and obtain special issuances where indicated.

Progress Made in Establishing
Common Medical Standards

Ideally. all countries should have the same civil medical
standards within flight operations categories. The Inter-
national Civil Aviation Organization (ICAO) based in
Montreal, Canada, works to establish common medical
standards. Significant progress has been made in recent
decades in the establishment and administration of agreed-
upon civil medical standards among ICAO member countries.

The United States, Canada, Great Britain and Australia
have been leaders in the individualization of medical
certification for those pilots who do not meet certain
published medical standards. This can be attributed in
part to the large number of general aviation pilots
in these countries, which has provided a subsfantial data

1 base on special issvances {or similar procedures) that

allow pilots who have disqualifying medical histories or
conditions to fly. Many other countries are now modify-
ing their medical certification procedures accordingly.

In the 21st century, the flight medical examination may be
achieved by interactive television and computer. The pilot,
while at home. may use biomedical data acquisition modules

that would interact in real time with the aviation medical
examiner. The examiner would have a video conference
from the office with the pilot at home, taking the pilot’s
medical history and noting the acquired biomedical data,
including sensbry, neurologic, cardiovascular and
interactive psychomotor coordination tests relevant to fly-
ing.! These tests exist in prototype today.’ If a medical
problem that requires further evaluation exists, a referral
10 the FAA or an appropriate specialist could be made.

For those pilots who immediately meet the medical stan-
dards, the medical certificate could be issved and trans-
mitted to the pilot’s computer printer. If the pilot does
not meet the standards, a deferral or denial letter would
be sent. The data on such actions would be sent to the
FAA central medical facility where a permanent record
wouid be mamtamed

A potential dividend of such a certification system would

 be the capability to download preventive medicine lifestyle

data to pilots, tailored to the individual pilot's medical
needs. This would belp pilots to remain heallhy and to
achieve a long flying career.

The above approach would markedly diminish the time and
costs of periodic physical examinations. In the United States,
for example, 900 examiners are currently entering the
history and physical data on the pilots they examine into
their personal computers and are transmitting these data

by telephone 1o CAMI. All routine ECGs collected on

Class T pilots in the United States are also transmitted by
telephone to CAMI for computer assessment. These
activities are the beginning of the future for civil ait crew

video certification. ¢
V-
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The April 30, 1990, accident occurred at 2138 Iocal time,
It was a scheduled domestic flight operated by Frontier

Air Ltd. and originated in Timmins, Ontario, at 2043

local time. Moosonee is located in northeastern Ontario
near James Bay.

The aircraft struck trees while on a heading of 230 de-
grees. About 432 feet (132 meters) from the point of
initial impact, the charred remains of the fuselage were
found, along with inboard sections of both wings, cock-
pit and both engines and propellers, according to the TSB
report.

Moosonee Airport is located on the north shore-of the
Moose River, just east of the town. The surrounding

Beescheratft C99 Airliner

The B99, the predecessor of the C89, first tiew in
1966 and deliveries began in 1968. A large main cargo
door allowed the aircraft to be used for either all-cargo
or cargo/passenger operations. The €99, with increased
power and systems refinements, was first delivered in
198B1. It has a service ceiling of 28,080 feet (8,560
meters) and a range of 910 nautical miles {1,686 kilo-
meters).

The €99 was certified for operation with one pilet, but
U.S. Federa! Aviation Reguiations require two pilots in
commuter air carrier operations. There are about 23
C98s in operation in the United States and about 52
operating in other countries.

The accident aircraft was configurad to accommodate
15 passengers It was equipped with two Pratt & Whitney
PT6A-36 engmes rated at 715 standard horse power. It
has a cruising speed of 245 knots (454 kilometers per
hour, 282 miles per hour) at 16,000 feet (4,880 meters).

Source: Jane's All the World's Aircraft
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terrain is flat, and vegetation consists of trees about 25
feet (8 meters) high. The area was flooded from melted
ice and snow packs at the time of the accident.
“Darkness, cloud cover and flooding created a ... feature-
less visual environment,” the TSB said.

The report added: “Because the terrain is flat and be-
cause the Moosonee town lights are oriented more later-
ally than longitudinally on this approach, a pilot’s ability
to perceive angle is limited. There are no approach lights
on runway 24, nor is there a visual approach slope indi-
cator system (VASIS).”

The TSB said that by using a helicopter at night at the
same altitudes, it was determined that the runway lights
could be seen down to the tree level at the accident site.

Weather at the time of the accident was reported as esti-
mated ceiling 400 feet (122 meters) above ground level
(AGL) broken, 1,000 feet (305 meters) AGL overcast,
visibility four miles (6 kilometers) in intermittent light
rain and winds from 270 degrees at four miles per hour.
The captain.of the accident flight reported layers of cloud
throughout his en route descent from 7,000 feet (2,135
meters) to an initial approzach altitude of 1,500 feet (457
meters). The captain reported no turbulence, precipita-
tion or icing during the descent.

The TSB report said the captain reported that a lower
layer of cloud was based at about 900 feet (274 meters)
AGL and that “when he broke out of the cloud on final
approach at about nine nautical miles [17 kilometers] on
the distance measuring equipment (DME), ke could see
clearly the airport lights.”

Passengers also reported that the aircraft was clear of the
clouds at that time and that the airport was in sight before
the &ccident.

The captain, 25, had logged a total of 2,423 flight hours,
of which 298 hours were in the Beechcraft C99. The first
officer, 35, had logged a total of 1,038 flight hours, of
which 102 were in the C99. The captain held an airline
transport pilot cectificate. The first officer held 2 com-
mercial certificate.

The TSB said the captain’s last night of flight training
was logged on Aug. 24, 1987, in a twm-engme Piper
Seminole.

But the TSB noted that the captain had flown a twin-
engine Piper Navajo PA-31 and the C99 at night without
receiving any on-type night training, which is required
by Canadian air navigation reguiations. The TSB said the
captain’s last night flight logged before the accident was

April 10, 1990,
N kg’
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The TSB concluded: “The fact that there is a design eye
position that guarantees certzin fields of visibility, but
which cannot be achieved for a pilot the size of the
[accident] captain because of cockpit layout and control
interference is a problem in this type of aircraft,

“The captain on this flight was unable to adjust his seat
to achieve the DERP and, therefore, was unable to see
anything below the nose of the ajrcraft without either
leaning forward and/or stretching or by lowering the
nose, thereby introducing a descent.

“Measuring the captain in the C99 seat position he used
during the accident flight and later repositioning him to
achieve the DERP resulted in two specific findings. First,
in order for him to see the runway lights, from breakout
below the cloud to impact, as he indicated, the aircraft
would have had to be in, and continued to be in, a de-
scent. Second, he could not achieve the DERP becdause
the seat could not be elevated high enough.”

Cockpit crew coordination was also lacking, the TSB
report said.

The report said the captain was not aware of the first
Qficer’s activities in the final portion of the flight and
that the first officer may have been directing his atten-
tion outside the cockpit. The TSB said that company
procedures for a night visval approach required that the
pilot not flying call out the airspeed and altitude every
100 feet (30 meters) below 500 feet (152 meters) AGL.

29

“According to the captain, this was not done,” the TSB
report said. “Moreover, it is clear that the captain was not
referring to his altitude throughout the visval approach.
If either of these two requirements had been done, it is
likely that the descent would have been arrested prior to
impact.”

The TSB said a lack of a company crew-pairing policy
also contributed to the accident. It said the captain and
first officer had been in their respective crew positions
for less than one month. '

Based on its investigation, the TSB recommended that
the Department of Transport provide guidance to air car-
riers in setting up crew-pairing plans, encourage the con-
tinuing implementation of crew resource management
and human factors training and take steps to ensure that
“pilots receive appropriate guidance for positioning their
eyes at or close to the DERP.”

The TSE also called on the Department of Transport to
*“validate its current procedures for checking that carriers
provide the required multi-engine night training.”

“Transport Canada’s process for ensuring compliance with
P P p

night training requirements is inadequate,” the TSB re-
port concluded. ¢ FCV
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replied that he could investigate the possibility of a north
landing. The captain told the controller to “wait ‘til we

get a little closer and look at it. The radar at this range is

not really as accurate as it is when we get in 40, 50 miles
[64.4, 80.5 kilometers} away,” the report said.

For about the next 10 minutes the captain and first of-

ficer discussed what they observed on their airborne weather -

radar. “The captain indicated they were 80 miles [128.8
kilometers] out, that he saw ‘yellow scud’ on the scope,
and they were ‘not looking at anything that even ap-
proaches red,” the NTSB report said. Minutes later, the
captain and first officer agreed that they were seeing red
returns. The report said that one of the crew commented,
“Red should be a really bad cell.” .

Two minutes later, the flight deck crew saw a brillj?mt
flash of light and the cockpit area microphone picked up
a rumble that sounded like thunder. “Everything appears
to be functioning,” the flight engi-
neer said. The report said that sev-

A10647:58, AAL 102 was descending to 3,000 feet (915
meters), and received a broadcast from ATC that DFW
weather was 1,400 feet overcast, visibility 2'/2 miles, with
thunderstorms, rain showers and fog. The wind was 140
at 11, altimeter 29.49 inches, and all aircraft were told to
expect a south landing.

The controller told AAL 102 1o expect the instrument
landing system (ILS) Runway 17L and stated the localizer
frequency. The captain acknowledged by repeating the
localizer frequency and asked, “How’s it look coming
down final on your radar?” The report said that the
controller replied, “I show an area of weather at 15
miles [24 kilometers] either side of DFW Airport, pro-
ceeding straight north 15 miles on each side for about 30
miles [48.3 kilometers}.” :

The captain then asked, “Okay, can you give us a good
heading then to come in on?” The controller responded
that he could give a good heading to
the localizer, but there was weather all

eral passengers and flight attendants
reporied a possible lightning strike.

The NTSB said that the captain told
air traffic control (ATC), “We just
 Bad a big biast of lightning,” and said
" that he didn’t believe the airplane had
been struck by it. “He [the captain]
again requested a landing o the north.
The controller expressed his doubts
that a north Ianding would be approved,
but assured him that he would for-
ward the request,” the report said.

AAL 102 was handed off from the
ARTCCC 10 DFW approach control.
“On initial radio contact with approach

Two minutes later, the flight
deck crew saw a brilliant
ﬁash of light and the
cockpit area microphone
picked up a rumble that
sounded like thunder.
“Everything appears to
be functioning,” the flight

engineer said.

the way down the final approach
course. The captain then asked if the
weather was moving. The controller
replied that the weather did not appear
to be moving, and he gave a heading to
intercept the localizer, the report said.

“At 0650:33, the captain radioed, ‘I
don’t think we're going to be able to
do that, that’s a pretty big red area
on our scope about 90 degrees, and
that’s about what we're looking at.
We're gonna have to, just go out I
guess and wait around to see what's
going on here,’” the report said. The
controlier told AAL 102 that eight
miles [12.9 kilometers] south of their

control, the captain verified the status
of his request [for a north landing],
but was told that DFW'’s southbound departures would
preclude landing to the north,” the report said. Shortly
thereafier, the captain asked for a 50-degree heading change
to deviate around weather, which the controller approved.

Al 0645:31, the captain stated on the cockpit micro-
phone, “1 don’t know what the [expletive] happened with
this radar.” This prompted the first officer to ask, “Is it
not working or is it working?” the report said.

The report said that the flight engineer briefed the captain
and first officer on the current ATIS [automatic terminal
information service]: “Echo, 1,400 [feet (427 meters))
overcast, 2'/2 miles {four kilometers] visibility, winds 220
at 6, {altimeter] 29.48 inches [998 millibars], lightning
cloud-to-cloud, cloud-to-ground, thunderstorms moving
northeast and pressure falling rapidly.”

position, a McDonnell Douglas DC-
8 was intercepting the localizer at
3,000 feet and had reported a smooth ride.

The captain responded, “Okay, we'll head down that way
then and, worse comes to worse, we’li go out from there,”
the report said. The controller gave AAL 102 a heading
of 200 degrees to intercept the Runway 171 localizer.

“The airplane was in approach configuration with the
fiaps set to 15 degrees,” the report said. “At 0652, the
captain questioned the first officer as to the veracity of
the localizer frequency, despite the fact that the captain
had read it back to approach control at 0649:34.
Subsequently, at 0652, the captain questioned the first
officer as to whether they were landing on Runway 17L
or 17R. The first officer reminded the captain that they
were landing on Runway 17L. At 0652:40, thcy were
cleared for the appreach.

S
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“At one point during the evacuation from [exit} 3-R,
passengers bunched up on the right wing because of
the steepness of the slide from the wing to the ground.
A flight atiendant saw 2 holdup at the top of the slide
and came out on the wing, Noting the steepness of the
slide, the high number of older passengers attempting
to evacuate, and the passenger pileup at the bottom of
the slide, the flight attendant told the passengers
on the wing that they would have to return to the
cabin and use another exit. At the same time, some
passengers said that a flight attendant inside the cabin,
behind the group of people trying to exit onto the
right wing, told them that they would have to move
quickly from the airplane because of a fire out the left
side cabin windows.”

The report said that some elderly passengers were uh-
willing to jump onto the slides until they were urged to
do so or were pushed onto the slides. “Some female
passengers wanted to take personal items with ‘them,
especially purses. Flight attendants warned against taking
these items and physically removed them
from several passengers as they jammed

slowed to a stop in the soft soil. However, most of the
minor injuries and all of the serious injuries were re-
ported to have occurred during the emergency evacua-
tion, especially as passengers attempted to slide down
steep-angled slides from the right side of the cabin, land-
ing in sticky mud that made it difficult or impossible for
some of them to move away from the bottom of the slides.

“The flight attendant stationed at 3-R said that the prob-
lem was exacerbated by the high number of elderly per-
sons attempting to evacuate at that exit. The steep angle
of the slides at 3-R and 4-R resulted from the final
resting attitude of the airplane. In addition to deep mud
at the bottom of the slides, winds, driving rain, and
slippery slides heightened the difficulties. Due to the
resting attitude of the airplane, slides at 3-R and 4-R
were described by some witnesses as not touching the
ground, a situation that contributed significantly to the
steepness of the slides.”

In addition, several passenger and crew statements said that

the cabin was only partially itluminated
during the evacuation. “The airplane’s

forward attempting to enter the slides.
The urgency of the sitsation was described
by several passengers and flight atten-
{ants as becoming apparent when the
glow from the left side fire was observed
clearly in the dark cabin through the aft
left cabin windows. Many of them said
later that the flight attendants and nearly
all the passengers evacuated expeditiously
and as calmly as possible from the dark
cabin,” the report said.

Crash, fire and rescue services arrived pushed onto the slides.

The report said some
élderly passengers |
were unwilling to

Jjump onto the slides

until they were urged

to do so or were

emergency cabin lighting system c¢on-
sisted of two subsystems: one to illu-
minate overhead and door exit lights,
and one to illuminate the floor path and
side wall exit sign lights. Both emer-
gency lighting systems were removed
from the accident airplane and shipped
to their respective manufacturers where
each subsystem was subjected to addi-
tional testing under Safety Board su-
pervision,” the report said.

One of the eight control modules for the

at the accident site within minutes.
“The DFW fire and rescue department’s
crash alarm sounded about 0701, within about one
minpte from the time the airplane came to rest. About
one minute later, the first trucks were arriving at the
airplane. They extinguished a fire at the left wing in
about 50 seconds, while the passengers were still exit-
ing the airplane. DFW emergency medical services
{EMS) responded with three DFW ambulances and
eight mutual aid ambulances.”

The NTSB said that of a total of 202 persons aboard the
airplane {189 passengers, three flight crew, 10-cabin crew),
“two injuries were described as serious, involving frac-
tured bones or spinal injuries to passengers that occurred
during the evacvation of the airplane. There were 38
reported minor injuries (35 passengers, two cabin crew,
and one flight crew).”

The report added: “Two passengers received minor inje-
ries that could be attributed to ceiling panels as the airplane

floor path and side wall exit sign lights
was found to be nonfunctional.

The cabin overhead and door emergency lighting system
was disassembled and re-examined. “All logic units tested
satisfactorily; however, examination of the system battery
packs, which contained 24 individual power cells, revealed
that the tap wire or primary lead was incorrectly scldered

" onto all four battery packs. In addition, individual battery

cells were out of the original factory-assembled sequence.
This factor affected the amount of charge each battery
cell would accept during charging and thereby dimin-
ished the overall level of power for the battery packs,”
the report said. '

The NTSB report said that “American Airlines’ mainte-
nance records showed that the battery packs had been
serviced by the airline’s maintenance department. It was
established that neither the manufacturer of the battery
packs nor the system's manufacturer had provided writ-
ten guidance to the airline’s maintenance department on
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side, Both sides of the No. 2 flap track fairing were
burned through. Only minor fire damage forward of the
front spar was observed. All fuel tanks were found in-
tact,” the report said. '

Investigators reviewed the weather briefing obtained
by the flight crew before departing HNL and during
the flight. The report said that “American Airlines
meteorology and flight dispatch sections correctly
advised AAL 102 of expected thunderstorms, moder-
ate-to-heavy rain showers, low-level wind shear, and
variable surface winds, gusting 20 to 40 knots, upon
arrival at DFW.” '

During the investigation, data were obtained regarding
thunderstorm activity during the approach and landing of
AAL 102. “During the final approach of AAL 102, cloud
bases north of DFW were, from the evidence, likely 1,000
to 2,000 feet [305 to 610 meters] broken to overcast.
Doppler radar at 0650:23 showed an area of radar echoes
up to and including VIP [video integrator processor]
level-4 intensity, northwest through
north of the airport. Cockpit communi-

approximately 1,000 feet south of the thresholds.
According to the NWS [National Weather Service] recording,
the RVR began a marked decrease .around 0659 and
stabilized between 0700 and 0701. This decrease in run-
way visibility is consistent with a heavy rain shower
passing over the RVR location. In addition, the captain of
American Airlines Flight 1710, which was awaiting clearance
for departure on {Runway] 17R, later stated: ‘The air-
craft [AAL 102] appeared 1o be in a norma! attitude and
altitude for landing as he crossed the runway threshold.
The rain had just picked up to a more moderate to almost
heavy level as I watched him for a very short time.’

“The evidence shows that a line of moderate-to-heavy rain
showers and thunderstorms was crossing Runway 17L as
AAL 102 was landing. The flight crew of AAL 102 should
have had sufficient information to realize that this was
occurring at the time of landing,” the report said.

Data from several sources were used to estimate the
winds during the final three minutes of flight of the
accident airplane. “The calculated wind
directions varied between approximately

cations and sounds similar to windshield
wipers, recorded on the CVR, indicated
L{hat AAL 102 was in and out of thun-
derstorms and rain showers during most
of its approach. The flight crew reported
runway lights in sight, at 0658:14, and
the airplane touched down at 0659:29.

“The first period of moderate-to-heavy
rain showers at DFW ended at the weather

“The evidence shows
that a line of moderate-
td-heavy rain showers
and thunderstorms

was crossing Runway

225 and 310 degrees during the final 2'/2
minutes before touchdown (except for
the final seven seconds of data, which
are assumed to be inaccurate since the
airplane was in a side-slip). The calcu-
lated wind speeds varied from 30 to 50
knots early in the approach to 15 to 30
knots as the airplane neared the touch-
down point,” the report said.

observatory located in the Delta Air Lines I17L as AAL 102 The NTSB report added: “The calcu-
hangar, about 0645. These showers moved lated wind direction varied randomly
off to the east of the airport. The pre- was landing.” between a quartering headwind and a

cipitation recording chart at the facility
showed that only about 0.02 inch [0.05
centimeter] of rain fell during the next 15-minute period,
ending at 0700. Interviews and statements by the duty
observer and oncoming weather observers confirmed that
rain shower intensity increased about 0658.

“At 0645, the leading edge of the second band of signifi-
cant precipitation was approximately seven miles west of
{Runway} 17L. Doppler radar at 0650:23 showed that the
line was slightly west of the airport complex. The LLWAS
[low-level wind shear alerting system] west sensor went
into sector alert ar 0653:25, as the line traversed the area.”

The report said radar returns from Doppler radar at 0656:10
showed that the leading edge of mostly “VIP level-2
echoes was near the terminal area, and that VIP level-3
and VIP level-4 echoes were just west of [Runway] 18R.

“The runway visual range (RVR) sensor for [Runway]
17L was located between [Runways} 17R and 17L,

quariering tailwind between 0657 and
0659. At 0659, AAL 102 was approxi-
mately 270 feet {82 meters] AGL [2bove ground level],
and the wind was from about 270 degrees at 25 knots.
Wind speed then decreased to about 15 knots, and
changed to a direct crosswind at approximately 0659:08
when the airplane was at 150 feet [45 meters] AGL.
Calculated wind directions remained constant, but the
speeds increased to 25 to 30 kaots over the next few
seconds. These data would indicate that AAL 102 was
subjected to a direct right crosswind of 25 to 30 knots,
when the first officer stated, ‘I'm gonna go around,’
at 0659:17, about one second afier the automated voice
called out ‘50° [feet AGL].

“Wind conditions could not be continued in the program
after touchdown, because the crosswind component can-
not be calculated by this method when the airplane is on
the ground. After touchdown, the closest LLWAS anemometer
to the airplane (centerfield) was used to provide winds
calculated during the airplane’s ground roll.
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The flight engineer, 60, held a U.S. flight engineer certificate.
He was first employed by American Airlines in 1955. He
had logged a total of 20,000 flight hours, all of which
were as 2 flight engineer, and 4,800 hours of which were
in the DC-10.

The flight crew were interviewed individually during the
investigation, and the report summarized their description
of events during the approach and landing. “When the
first officer had the runway in sight, he disconnected the
autopilot, but not the auto throttles,” the report said. “He
swung the nose of the airplane slightly to the left, and the
airplane drifted left. He swung the nose of the airplane
back to the right and said that he was *not comfortable.’

He felt that they were ‘high” and that the airplane would
need too much nose down to accomplish the landing. f{c
announced that he was going to make a missed approach

“The captain said he believed the aircraft was drifting to
the left, and he felt he could make a safe landmg He did
not want to make a missed approach .

and have to deal with the thunder-

not sure where the touchdown was made. The CVR data
showed that the first officer made call-outs expected of the
non-flying pilot. After the Janding, he did not hold forward
pressure on the control yoke after the nosewheel touchdown.
He said it was not normal procedare to do so tinless he was
previousiy briefed. When asked his opinion regarding the
captain continuing the approach to landing after the first
officer judged the need to initiate a missed approach, the
first officer replied, ‘I've got to trust him.”” -

The NTSB also reviewed the pilots’ use of control column
pressure and nosewheel steering during landing. The
report noted: “*DAC [Douglas Aircraft Co.] had published
specific information regarding the use of forward
pressure on the control column during the landing roll, 2s
well as on the use of the nosewheel steering handwheel,
in an AOL {all operator letter], two flight crew newsletters,
and in its DC-10 Flightcrew Operating Manual,
However, the Safety Board could find no reference to
these procedures in American Airlines DC-10 Operating

Procedures or training program. The

storm activity again. He said that
they were at 200 feet {61 meters]
AGL and that he took control of the
airplane from the first officer. He
made an alignment correction, but
said it was not necessary to make an
anitude/glidestope adjustment. He was
confident that the landing would be
within ‘the desired 3,000-foot [915-
meter] touchdown zone.” He said that
there was no need to go around, no
wind shear, no airspeed, height, or
alignment problem.

“He [the captain] aligned and landed

“The captain said he
believed the aircraﬁ was
drifting to the left, and he
felt he could make a safe
landing. He.did not want to
make a missed approach
and have to deal ;vith the

thunderstorm activity again.”

‘technique’ section of the American
Airlines DC-10 Operating Manual
makes a short reference to the
importance of forward pressure on
the yoke after touchdown. However,

" the manual does not provide eithera
procedure or technique for the non-
flying pilot to apply forward pressure
on the yoke after touchdown.”

The NTSB report said that when asked,
“the captain said that he thought for-
ward pressure was not necessarily &
DC-10 procedure, but generally a good
thing to do. The first officer said that
he did not push forward on the yoke,

the airplane on centerline. The touch-
down was very smooth. After he low-
ered the nose, he activated the reverse thrust. The spoilers
had extended and the normal reverse deployed, but he
felt orly a slight deceleration. At that time, he said that
the airplane ‘weathervaned’ about five degrees to the
right. He acted ‘instinctively’ 1o return to the centerline
of the runway. He released the contro! column and used
nosewheel steering handwheel control. He commented
that the airplane does not normally need forward pres-
sure on the control column. He felt some ‘sliding,” but
he did not use asymmetric reverse power. -He applied
the brakes, although he commented that braking
was normally not done until the airplaneé was moving
slower than 100 knots. After the airplane did not respond
to his actions, he said that ‘there was nothing we could do
but hang on.’

*““The first officer said that afier the captain took control of
the airplane, the airplane seemed to ‘float,’ and that he was

after the captain released it, and wouid
not unless it was specifically requested
by the captain.”

The report added: “The information publisked by DAC
regarding the necessity for forward pressure on the yoke,
after landing, explained that it was necessary to reduce Iift
and improve steering characteristics of the nose gear. In
addition, DAC's DC-10 Flightcrew Operating Manual
states that, ‘The pilot not flying must apply
sufficient forward pressure on the control column to
maintain the nose-wheel firmly on the ground for maxi-
mum directional control.”™

In addition, the NTSB reviewed the captain’s use of
reverse thrust during the landing: “For about seven seconds,
about one second after touchdown, until about the time
the airplane departed the runway, the FDR shows that the
captain kept all three engines near maximum reverse
thrust. DAC, and some other operators of the DC-10,

W0
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factors involved and the context in which the decisions
were made to determine whether they were appropriate.

“Despite the thundershowers north and south of DFW, as
AAL 102 proceeded to the ILS approach to [Runway]
171, there were no weather conditions that made the
decision of the captain to initiate or continue the ap-
proach unacceptable. Although the airplane was ina 10-
degree right crab on short final to [Runway] 17L, this
condition was not inherently unsafe. The DC-8, which
had landed on [Runway] 18R about four minutes before
AAL 102, had reported a ‘smooth ride’ that had been
passed by an approach controller to AAL 102. Also, on
appreach to [Runway]} 17L behind AAL 102, an SA-340
captain, who flew a missed approach beginning zbout
600 feet {183 meters] AGL, reported that he experienged
light to moderate turbulence during the approach and-no
wind shear activity.” .

The NTSB report concluded that the
captain of AAL 102 was “wel within

performance on the accident flight was the result of
fatigue could not be supported, nor could it be dismissed.”

As a result of its investigation, the NTSB expressed
concern about American Airlines’ record-keeping of
flight crew training and performance: “The Safety Board
attempted to obtain information about the quality of
the past training and checking performance of the
flight crew of AAL 102 from American Airlines, but
was unable to do so because of the lack of detailed
information in the records. The FAA-approved record-
keeping system only provided information on when
pilots completed required actions such as flight checks.
Their performance on those checks, or even the num-
ber of unsuccessful checks, was not included. As a
result, the Safety Board was unable to determine if
the quality of the performance of the flight crew on
AAL 102 was an aberration or was consistent with a
performance decrement.

“At the time of the accident, Ameri-

his authority to take the airplane from
the first officer after the first officer
had amnounced, without prior wamn-
ing, that he was going around. The
Lfact that the captain was able to land
the airplane on centerline provides.
evidence that he was in control of
the airplane through the touchdown.
No clear evidence exists that there
was any fault in the captain’s
decision-making throughout
the initiation or continuation of the
approach to [Runway] 17L, or in his
decision to take control of the air-
plane from the first officer and land
on the intended runway. The depar-
ture from the runway resulied from

The NTSB report
concluded that the cap_tain
of AAL 102 was “well
within his authority to take
the airplane from the first
officer after the first
officer haJ ahnounced,
without prior warning, that

he was going around.”

can [Airlines] employed over 9,000
pilots based at several domiciles
throughout the United States. Given
the extent of -supervision possible
by one chief pilot over several hun-
dred pilots, the Safety Board believes
that American’s record-keeping sys-
tems for its pilots did not provide
sufficient information to allow the
airline, or the FAA, to determine if
trends existed to suggest changes in
flight crew performance over time,
or 10 evaluate the effectiveness of
the overall training program. Such
information could be easily obtained
and recorded by the airline and would
enable the airline to assist a flight

the captain’s failure to maintain
directional control of the airplane after .
touchdown rather than from events or decisions made prior
to touchdown.

“Finally, in light of the captain’s improper aircraft con-
trol during the landing roll, the relatively long duration
of his overnight flight, and the fact that the captain’s
sleep periods were disrupted in the 48 hours prior to the
accident, the Safety Board considered the possibility
that fatigue adversely affected his performance. These factors
and the captain’s age of 59 years led the Safety Board to
believe that the captain might have been fatigued to
some extent. Even though the circumstances surround-
ing the flight crew’s activities from April 12 through 14
could have led to a deterioration of his judgment and
piloting skills, there is no information available regarding
the captain’s ability to perform under cither long-term
or short-term fatigue. Therefore, a finding that his

crew member who might be experi-
encing performance difficulties. Such
a program would enhance safety by allowing the airline
to undertake a performance enhancement before a prob-
lem developed outside of the training environment.”

The NTSB recommended that the FAA “review record-
keeping systems of airlines operating uader FAR
[Federal Aviation Regulations] Parts 12} and 135 to de-
termine the quality of information contained therein and,
if necessary, require the airlines to.maintain information
on the quality of pslot performance in training and
checking programs.”

In addition, investigalors examined the condition of the
landing runway used by AAL 102: “The investigation
found a buildup of rubber at the approach end of [Runway]
17L that showed a coefficient of friction below the FAA
minimum standard. According to airport records, for the

N -
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¢ pilot knowledge related to the avoidance of wake vortices; and

¢ the lack of available data to analyze the history of wake vortex
encounters in the United States.

Asa result of this special investigation, 19 recommendations were issued
to the Federal Aviation Administration, U.S. Department of Transportation.

#
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Table 1—Five airplane encounters with the wake vortex of
the preceding airplane on visual approach to landing
since December 1992 :

Date

{

Location

Leading
aircraft

Trailing

Comments

12/18/1992

3/1/1993

4/24/1993

11/10/1993

12/15/1993

Billings, MT

QOrlandoe, FL

Denver, CO

Salt Lake
City, UT

Santa Ana,
CA

B-757

B-757.

B-757

B-757

B-757

aircraft

Cessna
Citation 550

MD-88

B.737

Cessna 182

Westwind

Cessna rapidly rolled left and
contacted ground in a near
vertical dive when about 2.8
nm behind and about 300 feet
below the flight path of
leading aircraft. :

At about 110 ft AGL,* MD-88
suddenly rolled right about
15°; crew regained control and
approach continued.

_About 1,000 ft AGL, B-737

rolled left violently, pitch
decreased §°, and the airplane
lost 200 feet altitude; a go-
around was initiated, and the
airplane landed without
further incident.

On final approach, girplane
rolled 90° to the right; as pilot
attemnpted to level airplane, it
crashed short of ranway.

About 2.1 nm behind and 400
feet below the flight path of

Jeading airplane, Westwind
rolled suddenly and contacted -
the ground with a 45° nose

- down pitch attitude.

¢ Above ground level.

W LS
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B-757. The clearance was issued to the pilot about 4.5 minutes prior to the
accident while following the B-757 at a distance of 4.2 nm. After the visual
approach clearance was acknowledged, the speed of the Citation increased
while the speed of the B-757 decreased in preparation for landing. The
cantroller informed the pilot of the Citation that the B-757 was slowing and
advised the pilot that a right turn could be executed to increase separation.
Although the pilot never asked the controller about his distance from the
B-757, a statement recorded on the cockpit voice recorder (CVR) indicates that
the pilot recognized the separation had decreased because he stated, “Almost
ran over a seven fifty-seven,” about 40 seconds prior to the upset.

The Citation’s rapid and extreme departure from controlled flight
occurred when the airplane was about 2.78 nm (about 74 seconds) behind the
B-757. Calculations indicate that an additional 0.22 nm (about 6 seconds)
would have provided the required 3 nm of longitudinal IFR separation had the
pilot not requested the visual approach clearance. However, available data
show that under the existing atmospheric conditions, a vortex would not likely
have diminished an appreciable amount in the next 6 seconds. Consequently,
this accident indicates that lighter weight airplanes in the large category, such
as the Cessna Citation, require a separation distance greater than 3 nm when
following heavier airplanes in the large category, such as a B-757.

Although radar data indicate that, at any instant, the Citation was at
least 600 feet higher than the leading B-757 during the last 4 miles of the
approach, the flight path of the Citation was actually at least 300 feet below
that of the B-757.

The only cue available to the Citation pilot to determine his flight path
relative to the flight path of the B-757 would have been the Citation pilot's
visual alignment of the B-757 and objects on the ground. For example,
assuming that the B-757 was on a relatively constant flight path, the Citation
fiight path would have been similar to that of the B-757 if the Citation pilot
had observed that the B-757 was aligned with the runway touchdown zone.
1f the B-757 were aligned with the far end of the runway, the flight path of the -
Citation would have been lower than the flight path of the B-757. If the B-757
were aligned with the approach lights, the flight path of the Citation would
have been above the flight path of the B-757.

The failure of the Citation pilot to prevent the decrease in separatlon
distance strongly suggests that the pilot failed to realize that he was
the airplane in a dangerous position relative to the wake of the B-757.
Although the Airman’s Information Manual (ATM) suggests that the pilot of the
following sirplane should remain above the flight path of the preceding
airplane, the Safety Board is not aware of existing training material that

W46
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wind was from the north at about 10 knots gusting to 16 knots. The flight
path angle of both‘airplanes was about 3°.

Runway 26L is parallel to, and displaced 900 feet south of runway 26R.
The threshold of runway 26L is offset about 1,300 feet to the east of the
threshold of runway 26R, resulting in a flight path to 26R thatis about 70 feet
higher than the flight path to 26L. Under the existing wind conditions, a wake
vortex from the B-757 would descend and move to the south, toward a
standard flight path to runway 26L.

Air traffic controllers are required to provide standard separation to IFR
airplanes that are approaching 26L and 26R because the runways are
separated by less than 2,500 feet. If the flightcrew of the B-737 had not
accepted a visual approach, the controller would have been required to provide
3-nm separation. During the early portions of the approach, ATC provided
vectors to the B-737, which resulted in S-turns for spacing (see appendix D).
Subsequently, the B-737 and B-757 were on converging courses within 12 nm
of the runway. Upon completion of the S-turns, the actual separation between
the airplanes was about 4.6 nm. However, the separation was predominately
lateral, not in-trail or longitudinal. The lateral component of the separation
was about 4.55 nm, and the longitudinal component was only about 0.65 nm
along the intended approach path. The B-757 was 1.6 nm to the right of its
final approach path, and the B-737 was 2.8 nm to the left of its final approach
path. The final approach paths were separated by 0.15 nm. Radar data show
that the B-757 was on a 15° intercept from the right side to align for the
approach to runway 26R. The B-737 was on an 8° intercept from the left side
to align with the approach to runway 26L. Both airplanes converged to their
respective runway alignments, which resulted in a 900-foot lateral (left-right)
separation. The longitudinal component of the separation increased from
about 0.65 nm to an in-trail separation of about 1.35 nm. The controller -
should have recognized that the relative spacing, in conjunction with the
converging courses, would result in less than a 3-nm separation when the
B-737 was in-trail behind the B-767. To maintain a 3-nm separation after the
acceptance of a visual approach clearance, the pilot of the B-737 would have
had to continue to execute S-turns.

[ 7
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. Santa Ana, California.—On December 15, 1923, an Israel Aircraft
Industries Westwind, operating under 14 CFR 135 at night, crashed while on
a visual agproach to runway 19R at the John Wayne Airport, Santa Ana,
California.” The two crewmembers and three passengers were killed,
Witnesses reported that the airplane rolled, and CVR data indicate that the
onset of the event was sudden. The airplane pitch attitude was about 45° nose
down at ground contact. Recorded radar data show that at the point of upset,
the Westwind was about 1,200 feet mean sea level (MSL) and 3.5 nm from the
end of runway 19R. The Westwind was about 2.1 nm (60 seconds) behind a
B-757 and on a flight path that was about 400 feet below the flight path of the
B-757. The flight path angle of the Westwind was 3°, and the flight path angle
of the B-757 was 5.6° (see appendix G, altitude profile). CVR data indicate
that the Westwind pilots were aware they were close to a Boeing airplane and
that the airplane appeared high. They anticipated encountering a Little wake
and intended to fly one dot high on the glide slope (about 3.1° instead of 3.0°).
There is no evidence that the crew were advised specifically that they were
following a B-757.

While receiving radar vectors to the airport, the crews of both airplanes
were flying generally toward the east and would have to make right turns to
land to the south. Radar data and ATC voice transcripts show that the
Westwind was 3.8 nm northeast of the B-757 when cleared for a visual
approach (see appendix G, ground track). The Westwind started its right turn
from a ground track of 120° while the B-757 ground track remained at about
90°. The resultant closure angles started at 30° and became greater as the

53

Westwind continued its turn. About 23 seconds later, the B-757 was cleared

for the visual approach. The average ground speeds of the Westwind and
B-757 were about 200 and 150 knots, respectively. The Westwind was
established on course 37 seconds prior to the B-757. Although the combination
of the closure angle and the faster speed of the Westwind reduced the
separation distance from about 3.8 nm to about 2.1 nm in 46 seconds, the
primary factor in the decreased separation was the converging ground tracks.
The only way the pilot of the Westwind could have maintained adequata
separation was to execute significant maneuvers.

Based on radar data, at the time the visual approach clearance was
issued, the separation distance was rapidly approaching the 8 nm required for
IFR separation. To prevent compromise of the separation requirement, the
controller would bhave had to take positive action to change the Westwind’s
track, or to issue the visual approach clearance and receive confirmation t.hat
the pilot accepted the visual approach within 29 seconds.

? NTSB accident LAX 94-F-AQ73.
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ground-based systems to monitor wake vortex movements and believes that the
FAA should continue funding research in these areas.

Data on Wake Vortex Encounters

Data are not available to analyze the wake vortex incident history in the
United States because the FAA does not require pilots to report wake vortex
encounters. The only existing U.S. data on wake vortex encounters of which
the Safety Board is aware are the Board’s own accident and incident reports
and reports filed through the Aviation Safety Reporting System (ASRS).
Despite the limitations of the ASRS data,’? the report narratives provide
insight into specific safety issues, such as wake vortex encounters, Appendix H
contains incident reports derived from the ASRS data base. Although the
airplane models are not identified in the ASRS data base, on the basis of ASRS
reporting categories, it can be inferred that most pilot reports defining a large
(LRG) airplane (150,000 to 300,000 pounds) were referring to a B-757.

Unlike the FAA, the Civil Aviation Authority of Great Britain (CAA), in
1972, established a voluntary reporting system to gather.data on wake vortex
encounters. In 1982, using data from the reporting system, the CAA changed
from a three-group airplane weight category to a four-group weight category.
(See table 2 for a comparison of the weight categories used by the CAA, the
FAA, and the International Civil Aviation Organization (ICAQ).) According to
a paper presented at the FAA-sponsored international conference of aircraft
wake vortices held in Washington, D.C., in October 1991, “The four group
scheme (weight categories) introduced in 1982 was divided as a result of
incident data gathered in earlier years, and was designed to provide exira
protection for some types of aircraft found to suffer partmﬂarly severe
d1sturbance behind heavy group aircraft.*1?

- 11 Because all ASRS reports are voluntarily submitted, they sannot be considered a
measured random sample of the fall population of like events. 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. Consequently, the data reflect reporting biases., -

12 proceedings of the Aireraft Wake Vortices Canference, October 29, 1991, DOT/FAA/SD-

82/1.1, p. 6.2. |
N2
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371,000 Kg) is a likely explanation for its higher incident rates.
However, the cause of the higher B-757 incident rates is
uncertain,?®

The B-737 was cited as being most involved as the following airplane. Of note,
the CAA requires a 3-nm separation when a B-737 is following a B-757, and
the B-757 is the largest airplane in its category.

The CAA Wake Vortex Reporting Programme (WVRP) was transferred
to the Air Traffic Control Evaluation Unit (ATCEU) in 1989.}4 The ATCEU
collects data from various parties on each wake vortex encounter and enters
the data into the wake vortex data base. The notification usually comes from
the affected airplane crew or ATC. Formal procedures for the reporting of
wake vortex incidents by ATC are in operation only at London City and
Heathrow airports. Additional data are collected from the pilot of the airplane
causing the vortices, the Meteorological Office, London Air Traffic Control
Center (for recorded radar data provided to ATCEU by data link), and from the
airlines (flight data recorder data). One airline has agreed to extract FDR data
for all reported wake vortex incidents. The data are analyzed to determine if
the cause of the reported incident is, in fact, an encounter with a wake vortex.
A total of 86 incidents were reported in 1990, and 87 incidents were reported
in 199115 -

The Safety Board believes that the FAA should also require reporting
of wake vortex encounters and establish a system to collect and analyze
pertinent information, such as recorded radar data (including wind and
temperature data recorded on many of the newer airplanes), atmospheric data,
and operational information, including selected flight data recorder data. The
Safety Board acknowledges the difficulty in developing clearly usable
definitions and suggests that the CAA program could be an excellent source in
developing this reporting system. Because pilots may be reluctant to report
wake vortex encounters as a result of concerns of enforcement actions, the FAA
will need to address the issue of enforcement when developing the reporting
procedures.

13 Proceedings of the Aircraft Wake Vortices Conference, October 29, 1991, DOTIFA.A)SD-
92/1.1, p.8.2.

14 National Air Traffic Services. Civil Aviation Authority, ATCEU Memorandum No. 177.
15 ATCEU Memorandum No. 184.
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the Board also believes, as discussed in more detail later in this report, that
the accident at Billings, Montana, provides sufficient evidence fo warrant
increasing the separatmn distance behind the B-757.

The Safety Board is concerned that the design of fumre airplanes could
result in wake vortices that are unusually strong or persistent for the weight
of the airplane. Flight testing would provide data about the vortex decay,
transport, residual strength, effects of atmospheric eonditions, and unusual or
unique characteristics of the airplane’s vortex. Accordingly, the Board believes
that the FAA should require manufacturers of turbojet, transport category
airplanes to determine, by flight test or other suitable means, the
charactensucs of the airplanes’ wake vortnces durmg certification.

Until the FAA has developed the knowledge and systems that will
permoit a significant reduction in the probability of wake vortex encounters,
there will be a need to visually determine adequate separation distances.
Further, the five vortex encounters described earlier and the CAA data
demonstrate the need to increase the IFR separation distances for small and
large airplanes on approach and in-trail behind the B-757 and other airplanes
of similar weight if they are introduced into service. The accident at Billings
and the incident at Orlando show that an encounter with a B-757 vortex at
3 nm can be dangerous to most large airplanes. In addition, greater ATC
separauon standards may have reduced or prevented the excessive closures
noted in the other three encounters.

The FAA requires less radar separation for wake vortex considerations
for IFR airplanes under positive air traffic control than that recommended by
the ICAO and required by the CAA (see table 3). A Citation or Westwind
following an airplane such as a B-757 would require a 5-nm separation based

on ICAQ recommendations and a 6-nm separation based on CAA standards,

rather than the 3-nm separation required by the FAA,

One method to achieve increased separatxon behind a B-757 would be to
reclassify the B-757 as a heavy airplane.}® Large airplanes would benefit from
& 5-nm separation and small airplanes would benefit from a 6-nm separation
when executing an instrument approach in-trail behind a B-757. However, the
reclassification would reduce the required radar separation of a B-757 in-trail
behind a B-747 (maximum gross weight of 820,000 pounds) from § nm to 4 nm,
increasing the risk of a wake vortex upset for the B-757. The FAA and Boeing
have expressed concern about increasing the risk of a wake vortex eneountzr
if a B-757 followed a heavy airplane more closely |

13 Canada has reclassified the B-757 as a heavy sirplane when it is the leading airplane.

6l
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Safety Board staff used the maximum landing weights to represent the -
roll inertia of B-757s and Citations. The vortex strengths of B-747s and B-757s

were also calculated using maximum landing weights. The combination of the
B-747 vortex strength and the B-757 landing weight was compared to the
combination of the B-757 vortex strength and the Citation landing weight. The
comparisons show that, at equal separation distances, the risk of loss of control
when a Citation encounters the wake vortex of an airplane similar in weight
to a B-757 is 8 times greater than the risk associated with a B-757
encountering the wake vortex of a B-747 (see appendix I for calculations). In
practice, however, the B-757/B-747 pair would be separated by 4 nm if both
were classified as heavy airplanes, thus lessening the risk for that pair
(because 3 nm was used in the risk calculations). Therefore, the relative risk
of the two pairs is greater than a factor of 8. In addition, the determination
of the relative risk does not reflect the CAA data, which suggest that the wake
vortex of a2 B-757 may last longer than would be expected for its weight.
Clearly, therefore, if the risk associated with reclassifying the B-757 as a heavy
category airplane is unacceptable, the current risk to a Citation at 3 nm
behind a B-757 is also unacceptable.

The Safety Board shares the concern of the FAA and Boeing about
reclassifying airplanes such as the B-757 as heavy airplanes. The Safety
Board believes it would be preferrable to maintain the current separation
distance of 5 nm when such airplanes are following a heavy airplane and to
increase the separation distances for other airplanes when they are following
a B-757 or other airplanes of similar weight. The accident in Bﬂlings,
Montana, for example, clearly demonstrates that lighter weight airplanes in
the large airplane category require a separation distance greater than 3 nm
when following a B-757. Further, the CAA wake vortex incident data raise
concern about airplanes of the size of B-737s following only 3 nm behind
airplanes of the size of the B-757. Accordingly, the Board believes that the
FAA should immediately establish the following interim wake vortex
separation requirements for IFR airplanes following a Boeing 757 and other
airplanes of similar weight: 4 nm for airplanes such as the B-737, MD-80, and
DC-9; 5 nm for airplanes such as the Westwind or Citation; and 6 nm for small
airplanes. The current separation requirement of 5 nm when a B-757 or other
airplane of a similar weight is following a heavy category airplane should be

63
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Air Traffic Control Procedures
Related to Visual Approaches
and VFR Operations

Behind Heavier Airplanes

The Safety Board believes that one common element to the five wake
vortex encounters described earlier is that a combination of ATC procedures
and pilot actions resulted in separation distances that were too small for the
airplane trailing behind a B-757 while on a visual approach to landing.
Currently, controllers are required'to ensure that airplanes have the proper
radar separation prior to the issuance of a visual approach clearance.
However, the incident at Denver-and the accident at Santa Ana illustrate that
controllers sometimes issue visual approach clearances when the separation
distance and closure rate preclude the pilot from maintaining a safe separation
distance without excessive maneuvering. During peak traffic periods,
controllers rely on the use of visual approaches to increase traffic capacity and -
to reduce delays. Pilots may try to accommodate the controller by accepting

- a visual approach even though they may be unable to maintain adequate
separation from the preceding traffic without excessive maneuvering, excessive
reconfiguration of the airplanes, or drastic reduction of their airspeed. When
this situation occurs, a compression effect can be created, increasing the
exposure of each successive arrival to a wake turbulence encounter.

The Safet; Board believes that the FAA should amend 7110.65H, Air
Traffic Control,?! to prohibit controllers from issuing a visual approach
clearance to an IFR airplane operating behind a heavier airplane (in the large
or heavy airplane category) until the controller has determined that the in-trail
airplane should not have to execute S-turns, make abrupt configuration
changes, or make excessive speed changes while maintaining a separation
distance that would be required for IFR approaches. If the airplane is in-trail
or on a converging course at the time the visual clearance is issued, closure
rate should be consistent with the required separation distance. That is, if the
separation distance is slightly greater than the required separation distance,
the closure rate should be minimal. However, if the separation distance is
large, a greater closure rate may be tolerated. The controller should set up the
in-trail situation in a manner in which both airplanes can continue the
approach in a reasonable manner.

21 This document is the air traffic control handbook that prescribes air traffic control
procedures and phraseology for use by personnel providing air traffic control services.

w-34 .
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pilots inyolved in these accidents and incidents known the manufacturer and
model of the other aircraft, they might have been able to maintain adequate
separation distances. Therefore, the Safety Board believes that the FAA should
amend handbook 7110.65H, Air Traffic Control, to require that controllers
issue both the manufacturer and model of airplane when i issuing information
about air carrier traffic.

The Safety Board recognizes that the proposed changes will be an
additional burden for air traffic controllers. However, until more reliable
systems are in place to predict and detect wake votices, these measures should
further reduce the likelihood of wake vortex encounters.

Pilot Knowledge Related to
the Avoidance of W&_ake Vortices

The accident and incident data suggest that a combination of pilots’ lack
of understanding of the hazards of wake vortices and the difficulty of knowing
the movements of wake vortices are major contributors to wake vortex
encounters. A pilot’s visual estimate of range is not sufficiently accurate to
ensure safe separation. It is especially difficult to-estimate separation
distances at night. In addition, Safety Board accident and incident data show
that student pilots and pilots operating under 14 CFR 91 rules continue to
encounter wake vortices at an unacceptable rate. The Safety Board notes that
many pilots involved in accidents and incidents had instrument ratings, had
been given wake vortex precautions, and yet continued on, either ignoring the
caution, or mistakenly believing that they were above the vortex. To help
pilots avoid wake vortex encounters, the Board urges the FAA to develop
comprehensive training programs related to wake turbulence avmdanee and to
publish the information in the Airman’s Information Manual®® and other
training materials. This information should include techniques for
determining relative flight paths and separation distances. The accident at
Billings, Montana, for example, clearly demonstrated the need for techniques
to help pilots maintain a flight path that is higher than that of the leading
airplane. In that accident, the flight path of the Citation was at least 300 feet
below that of the B-757. Further, the information should define the vertical

% The Airman’s Information Manual provides information on wake vortices and instructs
pilots to maintain a flight path that is higher than that of the leading airplane. The manual,
however, does not provide guidance on how to aveid wake vortices or to maintain the proper
fiight path.

W-3S
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Use of Traffic Collision
and Avoidance Systems

. As discussed above, the investigations show that pilots typically do not
possess the skills to accurately determine the flight paths of airplanes they are
following nor can they accurately estimate the distance to those airplanes. The
Safety Board believes that training can improve those skills but cannot
eliminate the problem. One possible remedy would be to develop technology
to help the pilots determine their position relative to a preceding airplane.
Currently, ground-based radar is the only operational tool designed for that
purpose. With radar, air traffic controllers can determine separation but
cannot easily determine relative flight paths. However, radar separation
requires the constant attention of the controller and the controller’s
communication with the following airplane.

Another possibility would be to use Traffic Collision and Avoidance
Systems (TCAS) to provide range information to a pilot following another
airplane. Although TCAS was designed only for warning of pending collisions,
certain models provide position data of other airplanes. The Safety Board
understands that some pilots are currently using the range information
provided by TCAS to corroborate range information provided by ATC. In
addition, the FAA and some airlines are currently evaluating the feasibility of
using TCAS to provide separation information over the Atlantic Ocean when
radar coverage is not available. According to the FAA, TCAS manufacturers
have determined that the systems are sufficiently accurate for use over the
Atlantic when the range is within 10 to 15 miles.

However, various concerns have been raised about the use of TCAS for
separation during a visual operation in the terminal environment. Among
these concerns are: that TCAS was not designed to provide separation
information; the pilot’s attention may be diverted into the cockpit; the pilot will
have more tasks to perform; the display of some TCAS systems are not
adequate for use as a separation aid; and the systems have had problems with
reliability and false alarms. Also, the smaller general aviation and corporate
airplanes that would benefit the most from accurate range information are less
likely to have TCAS installed.
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Findings

1. The Safety Board’s investigations of five recent accidents in which an
airplane on approach to landing encountered the wake vortex of a
preceding Boeing 757 indicated that the following factors were more
important than any specific characteristic of the B-757 wake vortex:
(1) inadequacies in the current airplane weight classification scheme to
establish separation criteria, (2) inadequacies in air traffic control
procedures related to visual approaches and visual flight rules operations
behind heavier airplanes, and (3) insufficient pilot knowledge and training
related to the avoidance of wake vortices.

2. Because of the large weight differences between the high and low end of
the large airplane category, lighter weight airplanes are at high risk of
upset from the vortices generated by the heavier weight airplanes.

3. Current air traffic control procedures and pilot reactions can result in
airplanes following too closely behind larger airplanes while on a visual
approach to landing.

4. Pilots of arriving visual flight rules airplanes and instrument flight rules
airplanes cleared for visual approach often do not have sufficient

information to maintain adequate separation distances or to determine
relative flight paths.

5. Pilots are not provided adequate training related to the movement and
avoidance of wake vortices or for determining relative flight paths and
separation distances.

6. Data are not available to analyze the wake vortex incident history in the
United States because the Federal Aviation Administration does not
require pilots to report wake vortex encounters.

7. The wake vortex characteristics of transport category. airplanes are not
required to be determined at the time of airplane certification; airplane
separation requirements to avoid wake vortex encounters are based solely
on weight.

8. New technology being developed may find application in future airborne
and ground-based systems to monitor wake vortex movements. -

N3
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Amend FAA Handbook 7110.65H, Air Traffic Control, to prohibit
the issuance of a visual approach clearance to an instrument
flight rules airplane operating behind a larger airplane (in the
large or heavy airplane category) until the airplane is in-irail and
the closure rate is such that the pilot can maintain the minimum
instrument flight rules separation without excessive
maneuvering. (Class I, Priority Action) (A-94-46)

Amend FAA Handbook 7110.65H, Air Traffic Control, to require
that instrument flight rules airplanes cleared for a visual
approach behind a heavier turbojet atrplane be advised of the

- airplane manufacturer and model, be provided a wake turbulence

cautionary advisory, and be provided other information relevant
to the avoidance of wake turbulence, such as separation distance
and the existence of an overtaking situation. (Class II, Priority
Action) (A-94-47) :

Amend FAA Handbook 7110.65H, Air Traffic Control, to require
that arriving visual flight rules airplanes that have been
sequenced for approach behind a heavier turbojet airplane be
advised of the airplane manufacturer and model, be provided a
wake turbulence cautionary advisory, and be provided other
information relevant to the avoidance of wake turbulence, such as
separation distance and the existence of an overta]n.ng situation.
(Class II, Priority Action) (A-94-48)

Amend FAA Handbook 7110.65H, Air Traffic Control, to require
that controllers issue both the manufacturer and model of
airplane when issuing information about air carrier traffic.
(Class II, Priority Action) (A-94-49)

Develop annual refresher training for air traffic controllers
regarding wake turbulence separation and advisory criteria. The
training should emphasize the need for controllers to avoid using
phrases or terminology that would encourage pilots of visual
flight rules or instrument flight rules (IFR) airplanes to reduce
separation to less than that required during IFR operation,
thereby increasing the chance for a wake turbulence encounter
when operating behind a turbojet airplane. (Class II, Pnonty
Action) (A-94-50)

73
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Determine if the Traffic Collision and Avoidance System (TCAS)
is appropriate for providing pilots with the separation distance to
the preceding airplane during visual approaches to landing. If
appropriate, develop procedures to allow the use of TCAS for that
purpose. (Class II, Priority Action) (A-94-59)

Encourage operators of smaller general aviation and corporate
airplanes to install and use the Traffic Collision and Avoidance
System (TCAS), if procedures to allow the use of TCAS to confirm
separation distances during visual approaches are developed.
(Class 11, Priority Action) (A-94-60)

By the National Transportation Safety Board

Carl W. Vogt John K. Lauber

Chairman _ Member
Susan M. Coughlin John A. Hammerschmidt
Vice Chairman Member

James E. Hall

Member

Adopted: February 15, 1994

N-39



USAir FLIGHT CREW VIEW Page
Tuly, August, 1994 . 77
Table 4—Accidents and incidents investigated by the National .
Transportation Safety Board from 1983 to 1993 that resulted
from probable encounters with wake vortices (continued)
Leading Phase of File
Date Location aircraft Trailing aircraft .| operation | No.
03/04/87 Miami, FL B-737 Piper PA-34-200 Landing 0253
07/14/87 Raleigh, NC B-727 Cessna 172M Descent 1041
09/08/87 Monterey, CA BAE-146 Beech 95 Descent 2519
12/08/87 Anchorage, AK B-727 Cessna 402B Approach 2213
01/09/88 Colorado Springs,  C-141- Rotorway Executive  Taxi 0043
CO
01/26/88 El Toro, CA C-130 Cessna 152 Landing 1722
11/01/88  Nashville, TN B-727 Cessna 210D Descent 1122
11/09/88  Gainesville, FL Navy P-3 Cessnza 152 Takeoff 1744
11/19/88 Van Nuys, CA King Air Piper PA-28R-201T Landing 2067
12/31/88  Grand Rapids, MI B-727 Cessna 15211 Landing 2404
05/23/89 Phoenix, AZ B-737 Piper PA-32RT-300T Descent 9667
06/14/89 Columbus, OH B-737 Grumman American  Approach 1343
AA-5
06/18/89 Port Huron, M1 Junker JU-52 - Cessna 150 Approach 0846
09/06/89 Santa Ana, CA B.737 Cessna 180 Landing 1615
09/14/89 Santa Paula, CA UNK Cessna 152 Approach 0802
09/26/83 Portland, OR Large Piper PA-32-260 Landing 1987
: girplane®
10/05/89 Palm Springs, CA  B-727 Piper PA-28RT-201T  Approach 1536
04/01/90 Westfield, MA UNK Walter Huodson Takeoff 2344
: Mustang 2
05/31/90 Anchorage, AK B-757 Cessna 195 Landing - 0284
06/20/90 Rialto, CA Bell Helicopter Cessna 15211 Takeoff - 1054 -
, 412
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Stow Down and Back Cif!

Pilots had best keep their distance when following behind

' Ff e. as pilots with any measur-
1 F able level of experience. are

' aware of the wake turbulence
generated by aircraft inflight. It doesn’t
matter if the machine is rag-winged
and small, with a putt-putt for an
engine; it disturbs the air and creates
bumps and grinds for following air-
craft.

Under certain conditions, the inter-
ference is minor and brings no cause
for alarm. The little “speed bumps in
the sky" do nothing to prevent the
following machine from being flown
under proper control, albeit with extra
muscling and heightened caution.

Pllots know these things. We also
know that the big airplanes flying in
today's airspace are monstrous winged
augers that transform the sky into
violent rapids of induced turbulence
with horizontal tornados that can and
have broken up trajling airplanes or

a landgng Boeing 757.
By Martin Caldin

gripped their control surfaces with
loads so great that they are sentintoa
violent rolling motion and smacked
down as if by a giant, invisible hand.

Wake turbulence. Vortices. Horizon-
tal toinados. Wake signature. Wake

TREND ANALYSIS

vortices. Wing tp vortices. A real dan-
ger comes in all these names and oth-
ers, They can all be dumped into the
indigestible cauldron which tells us
that under certain conditions guite
prevalent today, flying behind other
aircraft can be exiremely dangerous.

Okay, so what's new? The AIM is
chock-full of information, examples
and warnings. Instraction books and
videos leave little to the imagination.

On the Record

A review of NTSB's findings
and recommendations
concerning recent accidents
and incidents related to
wake turbulence from
Boeing 757s. Page 5

Preliminary Reports
Accidents cuwrrently under
investigation. Page 10

And any instructor worth his or her
sait makes certain thefr students are
informed and. hopefully. well-versed
in what to aveid, how to stay out of
trouble and what to do in the event
they get into trouble and must safely
extricate themselves from the whirl-

. wind. {Hopefully, that is. Sometimes,

the pilot just doesn’t have a chance.)

After so many years. thousands of
tests, hundreds of atrplanes and un-
known millions of dollars to jocate and
identify the problem of turbulence fol-
lowing an aircraft, what's the ruckus
all about now?

Cocked Hat
Color the answer Boeing 757.

The problem is that despite all the
mountains of material on the subject.
the twinjet beauty from Boeing is send-
ing much of what pilots are warned
about into a cocked hat. The airplane

INSIDE

Medical Matters
Staying safe at altitude:
what type of axygen should
you use? How children react
to the pressures of flight.
Page 8

Eagle's Nest
Bill Kelly on hidden hazards
of automation. Page 12

Squawk Box
Explosions prompt NTSB to
call for action on cabin
heaters; TCM engine mount
cracks; Ercoupe wing rust;
transponder glitch. Page 14

Unicom

Readers relate experiences
with problem passengers.
thunderstorms. Page 15
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dangerous to get too close to a B-757
as ft retums to Mother Earth.

The issue here is that the existing
rules of separation distance may not
be {and mostly likely are not} sufficient
to avoid disaster. Here's the warning
code and edict:

“When Air Traffic {s providing wake
turbulence separations, controllers are
required to apply no less than speci-
fied minimum separation for aircraft
operating behind a heavy jet and. in
certain instances, behind large
nonheavy aircraft. When a small or
large aircraft is operating directly be-
hind a heavy jet at the same altitude or
less than 1,000 feet below it, five or six
miles separation is provided.”

That “nonheavy aircraft™ is the B-
757. It is not a "heavy™ aircraft by FAA
standards: it is a "large” aircraft. The
757 produces wake turbulence that
does not fit the standard formulas for
safe separation. It is producing wake
turbulence characteristic of a “heavy™
aircraft.

Nevertheless, NOAA (the National
Oceanicand Atmospheric Administra-
tion) judges the FAA's wamings and
advisories as neediess hysteria. NOAA

~msists B-757 wake turbulence isn't a
bit stronger than other afreraft in its
weight class {about 250,000 pounds
for an average flight operation). NOAA
says the pilots involved in the crashes
simply weren't paying attention to their
distance behind the 757s.

NTSB isn't quite that emphatic, but
it sure is shuflling from one foot to the
other. It has stated that “there are no
speclal problems with the Boelng 757's
wake vortex.” But. NTSB admits that
the existing (IFR) three-mile separa-
tion rule is “inadeguate™ if you're flying
VFR.

Let's try that again. According to
FAA and NTSB, and certainly NOAA,
there’s noneed to change existing sepa-
ration distance for [FR traffic following
a landing 757. That distance is three
miles. But, since the accidents were all
VFR. there is a need, according to the
FAA, to make some changes in VFR
separation distances.

Absolute Minimum
The 757 is a splendid machine, but it
seems to be throwing back wake tur-
bulence way out of proportion to its
size, wingspan and weight. The vorti-
ces it creates are catching following
pilots by surprise.

The key. according to the FAA, is

the airplane’s size, wingspan and weight.

that VFR traffic needs to be kept back
when followinga descending 757. They
recommend a minimum separation
distance of four nautical miles for so-
called medium-weight jets such as the
DC-9and MD-80series. and the Boeing
737.The call now is that any jetliner in
this class should increase its following
distance behind a 757 from three to
four miles. as the absolute minimum.
when on z visual approach.

If you're in a bizjet (Sabreliner. Fal-
con, DH-125, Lear, Citation, Westwind.
etc.), safety calls for a separation of five
miles behind a 757. You're flving a-
piston job? Then, make that an abso-
lute mintmum of six miles and stay
well above the descent path of the 757.
Like, at least 1.000 feet above that
path.

{The rules even say a large jet, such
asa 757, following a heavy jet, suchas
a767,A300,DC-10,1-1011, 747, etc.,
needs at least five nautical miles to be
safe. If you're flying a machine gross-
ing under 300,000 pounds. keep your
loved ones happy by staying back six
miles—or, preferably, eight miles.)

The airline crowd (and everyone else
flying these aircraft types) tell the FAA
that the 757 is spewing wake turbu-
lence so powerful that it should be put
into the heavy class. The FAA, accord-
fng to an NTSB spokesman, doesn't
want to do that. It might only increase
the danger because then the rules
would allow a 757 to close in to only
four miles behind another heavy dur-
ing its jet-down.

'So, why not simply require the 757
to remain at least five or six miles
behind 2 descending heavy? Well, that
would be breaking the classification
rules, it seems, and require pilots and
controllers to remember another little
detail.

Now, if that doesn't have your head
shaking, get this: The government—
and this seems to include FAA, NOAA
and NTSB—has made urgent recom-
mendations to “advise™ all IFR and
VFR traffic behind either a large or
heavy aircraft of the specific make and
model of the aircraft. and to be careful
of wake turbulence ... and to have
controllers watch their radar carefully
to be sure the following traffic deesn't
speed up and reduce its separation
from the lead aireraft.

The rule-makers. who insist that
757 wake turbulence is not a problem,
are also recommending new studies,
tests. update training for controliers.
AIM modifications, etc., etc., all for an
aircraft that “doesn’t present any prob-
lems.”

New W ,

Cut of all this shuffling of paper and
issuing of edicts comes some things
likely not to be ih the forefront of pilot
thinking. Such as the ramifications of
when you're flying IFR and request a
VFR clearance.

Atthe moment ATC isSues that clear-
ance, you, the pilot, assume all re-
sponsibility for continued safe flying.

Meanwhile. the FAA reminds every-
body within earshot that it’s obvious
some pilets tailgate the bigger air-
planes they're following. This, FAA in-
sists, was the cause of the accident
that sent the Citation vertically into a
city street when dumped by the vortex
of a 757. .

Advisories and warnings about wake
turbulence have been with us for de-
cades, but new warnings are being
sounded—among them. the need to
modify old procedures.

In earlier days of flight. anything
with decent climb performance could

w
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ON THE RECORD

a3

ke in the Walke

A rash of recent accidents illustrates the hazards of tangling
with vortices from a B-757.

ces, particularly behind the
Boeing 757. has been highlighted
by scveral recent accidents and inci-
dents. Although there is activity in the
FAA at this time to study the wake
turbulence characteristics of the 757,
there is no disagreement within the
scientific community thai it will be
some time before any definitive results
are avallable.
In the July issuc of Aviation Safety.
wve deseribed somie of the factors which
influcnce wake vorlex development.
strength and movement. From a scien-
tific standpoint, much more is 10 be
lcamed about the very fundamcntal
processes that occur within a vortex.
Even state-of-the-art computer mod-
eling is not able to predict vortex mo-
tion with sufficien! accuracy. Several
recent NOAA reporis have emphasized
that trafling vortex systems differ
greatly among afrcraft.
Wake vortex encounters tend to be
under-reported, and the NTSB has

T he hazard created by wake vorti-

recommended that the FAA establisha

mmandalory reporting requirement so
that we may gain a beiter understand-
ing of the hazard.

Scveral general aviation and air car-
rier pilots have informed us of their
wake voriex encounters. In some in-
stances, the wings of their aircrafi
came within inches or feet of striking
the ground. One B-767 crewman de-
scribed just such an encounter. Many
of the pilots belleved they were salely
above the preceding atrcraft's wake.

Several pllots learned that the wake
vortices from a slightly larger aircraft.
such as a light twin, could upset their
single-engine alrcraft. Some pilots de-
scribed encounters with wake from

By Patrick R, Velllette
and Rand Decker, Ph.D.

helicopters hovering in ground effect.

All of the-pilots considered them-
sches extremely lucky to have sur-
vived their encounters. But. as we
shall se¢, some pilots have not been so
lucky. Please keep in mind that the
accidents and incidents we'll review
are only the ~tip of the iceberg™: we can
onlv guess how many near-accidents
have resulted from wake encounters.

Cessna Citation, 12/18/92
The Citation 550 was on a IFR flight
pian 1o Billings. Mom. with two pilots
and six passengers aboard. The
weather at Billings was reporied as
10.000 scattered. 25.000 scattered.
visibility 40 miles and wind from 350
degrees at five knots. (Note the wind
direction and velocity.)

The Citation began its descent at
1626 MST. sequenced behind a United
Parcel Service Boeing 757. At 1636.
the Citation was advised that the 757
was at 12 o'clock and six miles ahead.
The UPS jet was then cleared out of
11.00C fect 105,700 feet and instructed
to maintain 250 knots. The Citation
was descending through 16,000 feet.

At 1638, the 757 reported the air-
port in sight and was cleared for a
visual approach to Runway 27R{which
had an aimost direct crosswind). The
Citation was maintaining a very high
speed {which continued throughout
its descent). so the approach contro)-

‘Jer asked the 757 to maintain its maxd-

mum forward speed.

The controller then advised the Ci-
tation that the 757 was at 12 o'clock
and four miles. descending through
8.000 feet. {Note that the Citatton had
closed the separation distance from
six 1o four miles in a very short time.)

The Cilation's {irst officer replied that
they were looking for the traffic.

At this point. the distance between
the two aircraft had stabilized at 4.2
nautical miles. The 757 crew requested
permission to slow down. but the con-
troller asked them to keep their speed
up as much as they could.

Ten seconds later. the Citation re-
poried the 757 in sight and was cleared
to follow that aircraft for a visual ap-
proach te the same runway. The
Cliation’s speed then increased from
215 to 250 knots. As the 757 slowed.
the speed differential grew from 30 to
70 knots. The controller warned the
Citation that the 757 was slowing and
cleared the 757 to resume normal
speed.

After contacting the tower. the Cita-
tion again was wamned that the 757
was slowing down and advised that if
they needed to turn for spacing. they
could tumn 10 the right. At this point,
the afrcrafi were less than 2.5 miles
apart.

The 757 flew a relatively constant
4.7-degree glide path. staying above
the electronic glide slope by several
hundred feet. until 1.2 miles from the
threshold. However, the Citation had a
greater descent rate and stabilized 200
1o 300 feet below the 757's glide path.
principally tracking the glide slopeuntil
the wake encounter. (Note: When a
visual approach clearance fs accepted.
the crew acknowledges that they are

- accepling responsibility for wake clear-

ance from the preceding aircraft.)

At the point of upset. the Citation
was about 2.78 nm (about 74 seconds)
behind the 757 and about 300 feet
below its glide path, The ground con-
troller saw the Citation roll from a
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737 crew accepted clearance for a vi-
sual approach, the controller was no
longer required to provide three miles’
separation.

Cessna 182R, 11/9/93

The Civil Air Patrol airplane was on a
night, VFR approach to Salt Lake City
International Airport and was cleared
1o land on Runway 32.

The tower warned the Cessna pilot
about a Boeing 727 on short final to
Runway 35, with additional trafficona
three-mile final. (Winds were reported
out of the south at five knots.) The pilot
reported that he was uncertain of the
location of the traffic and was asked by
the controller to execute a left. 360-
degree tum.

The Cessna was three-quarters of
the way through the turn when the
pilot again was cleared to land on
Runway 32 and advised of “Boeing”™
traffic on short final to Runway 35 (the
controller did not identify the Boeing
as a 757). The threshold of Runway 32
is adjacent to the threshold of 35.

The pilot reported that he was flying
the approach “a litde higher so we
would miss ... any turbulence™ and
had just crossed behind Runway 35in
a shallow turn to final when the 182
encountered a “slight bump™ and then
pitched up and rolled into a 90-degree
right bank.

Radar data shows that the 182 was
at less than 100 feet AGL when it
crossed the flight path of the 757. The
pilot said he immediately applied full
left rudder and aileron, and full nose-
down elevator. He was able to level the
wings before the airplane struck the
pavement short of Runway 32's thresh-
old.

The pilot and his two passengers
survived with minor injuries. (This once
again bears witness to the importance
of maintaining aircraft control. Pliots
who maintain control even to the point
of impact have a much better chance of
surviving that those who lose or relin-
quish control.)

Winds at the time were from 180
degrees at five knots: so. in effect. the
757 landing on Runway 35 had a
taflwind. This may be significant; the
taflwind would Hkely have caused the
wake vortices to drift further into the
Cessna’s flight path. The tailwind also
might have moved the wake higher
into the Cessna's glide pathor, at the
very least, partially canceled out some
of the downward drift of the vortices.

The Boeing 757 passed the crossing
position about 38 seconds prior to the
Cessna 182, Trends in the recorded
radar data suggest that the Cessna
was slightly above the flight path of the

‘757 at the crossing point.

The accident points out the impor-
tance of accurately predicting the be-
havior of vortices in ground effect. The
vortex may have “bounced”—a phe-
nomenon which has been observed on
many occasions by researchers in the
U.S. and Germany.

Additionally, the flow field of a vor-
tex is usually about equal to the wing-
span of the generating airplane. There-
fore. the Cessna 182 could have been
affected by the vortex at any altitude
between ground level and 200 feet. The
NTSBnotes that aithoughthe Cessna’s
flight path was above that of the 757.
the pilot did not adequately compen-
sate for the height of the vortex.

. (The AIM recommends flying above
the wake, but it does not state how far
to {ly above it. Also. the AIM does not
warn pilots of the bouncing behavior of
vortices in ground effect. though this
information has been published in ar-
ticles and had been presented at con-
ferences by the FAA for several years
preceding this accident.}

IAI Westwind, 12/15/93

At 1734 hours local time. an Israel
Aircraft Industries Westwind was
cleared for a visual approach to Run-
way 19R at John Wayne Airport in
Santa Ana. Calif. The wind was calm.

The Westwind's flight path converged
with that of a Boeing 757 which- aiso
was receiving radar vectors to the air-
port. When the distance between the
757 and the following Westwind was
rapidly closing to the required mini-
mum of three miles, the controller
issued a visual approach clearance to
the Westwind crew.

The NTSB said the only way the
Westwind crew could have maintained
adequate separation from the 757 at
this point was by executing “signifi-
cant maneuvers.”

The 757 fiew a 5.6-degree glide path
(for reasons unstated in the NTSB's
report). whereas the Westwind flew a

standard three-degree glide path ini-.

tially. However, anticipating that they
would encounter a “little” wake turbu-
lence, they began to fly the approach
one dot high on the glide slope.

CVR information indicates that the
Westwind pilots were aware that they

were close to the Boeing and that the
preceding airplane appeared high.

When control was lost. the Westwind
was 2.1 miles (60 seconds) behind the
757 and 400 feet below its glide path.
All five occupants were killed when the
aircraft hit the ground.

NTSB's Recommendations

In its report on these accidents and
incidents, the NTSB made a number of
excellent recommendations for interim
and long-term solutions to the hazard.
Among the recornmendations which
specifically address pilots and flight
operations were the following:

1. Establish the following separa-
tion requirements for IFR airplanes
following a Boeing 757 and compa-
rable aircraft: five'nm for airplanes
such as the Westwind and Citation.
and six nm for small airplanes.

2. Establish ATC procedures that
would resuit in approaches being con-
ducted. when available, on a standard
flight path angle of three degrees. In-
form operators of B-757s (and other
cornparable aircraft) of the importance
of maintaining this standard flight path
angle on approach.

3. Amend ATC procedures to pro-
hibit the issuance of a visual approach
clearance until the closure rate is such
that the pilot can maintain separation
without excessive maneuvering.

4. Amend ATC procedures to advise
pilots sequenced behind a jet airplane
{or a heavier jet) of the preceding
aircraft’s make and model. and pro-
vide "information relevant to the avoid-
ance of wake turbulence.” such as
separation distance and whether an
overtaking sthiation exists.

5. Expand current guidance in the
AIM to help pilots determine that their
flight path remains above the flight
path of the leading afrplane-and that
their separation remains consistent
with that required for IFR operations.

6. Expand the information in the

AIM to define the vertical movement of

wake vortices in ground effect, such as
core height, upper and lower limits of
the vortex flow field, and the potential
tobouncetwlceashighasthesteady
state. . . FCY .

An active pilot examiner and charter
pilot. Pat Veillette is a 7.500-hour ATP
and Gold Sea! CFIl. Rand Decker, @
private pilot with 1,300 hours. (s a
professor of civil engineering at the
University of Utah.
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6. REF. Fataf Commutes Crash Blamed on Mumerous Causes.
Was the Capfain’s inexperience f2ying into a "black hole" cited ?

A. He had noi neceived "bfLack hofe" training.

B. In addition to the inexperdence, the caplain's seat position was
named as a facton (including Lack of nequined night trainingl.

C. The Captain had §Lown into that alaport numenous Ltimes but had no
familianity with "black hole" itlusion. He was not cited fon that.

7. REF. _DC-10 Destroyed Aften Veening Off Landing Runway.

A. The Finst Officer was flying the appnc;ach, decided to go around.

B. The Captain took over contrnol and Landed. NTSB concluded he was
within his authority to Ja s0. Howeven, the plane was destroyed.

C. The Captain fook over control and Landed. NTSB considened whethen
the 39 yean old Captain might have been fatigued, agfecting his
Landing penformance.

The value 20 us of digesting this neport does not Lie in conrectly
answerding a test question, and s0 each one 48 connect. The repoat
L5 Long, detailed, and thought-provoking. Much of it could be nead -
a éecond Lime. : :

We think the Lengthy, detailed NTSB Repont, éent Zo us by FLight Safety, is
even more thought-provoking. 1f would intenest us forn all its thoughtful
detail, even {{ we weren't especially intenested because of the Boeing 757
{nvolvement. '

Then, the two timely anticles - somewhat easdien neading, countesy of Aviation
Safety magazine, sont of put the §rosting on the 757 size cake.

Timely also {s the 'Black Hofe' article §rom the BOEING Ainliner. Aftex
suffening with the commuten Captain on his lack of knowlfedge about §Lying
the "hole', TWA Captain Schiff does a good job of explaining all about Li%.
Test question! What L8 the 'black hole'? -

FOOuN00 7Y L ‘) 9 ‘8 S ‘D 4 ‘O € ‘8 °2 ‘8 1 :SYIMSNY
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Despite claims 2o the contrany, night operations are s1iff mone hazandous
fon us than daylight §Lying. This is because the horizon 4is offen. noi
visible, optical Liflusions are more prevalent, and fatigue Ls oflen more
of a facton. ALso, obstnuctions and clouds may be difficull on impossible
fo see. 20 see. Regarnding 2this fast point, consider that hundreds-if noi
thousands-of pilois and passengens have coflided with Zerrain that was
neven seen, even though visibility was unbimited.

NIGHT VISIBILITY

Such mishaps occun because night visibility is deteamined by the greatest
distance at which prominent Lighted objects can be seen and identified.
Seeing a distant Light, however, does not mean that the pilol can see
niaz'ng teraain dinectly in fnont of the aircraft on a moonfess, overcasl
night. "
Executing visual annivals and depantunes over certain areas and unden
centain conditions is much Bike instrument §Lying and nequines the same
attention 1o minimum safe altitudes. Obviously, zthe crew is nedponsible
forn ensuning that the aincrnaft is8 always at a high enough altifude Lo keep
fnom §Lying headfong dinto unseen obstructions.Avoiding obstnuctions,
howeven, can be easdler 4said than done, particularly durning a £ong,
stnaight-in approach 2o an aizpont at night. A subile dangen associated
with some night visual appnoaches can Lead ainline crews fo 48y at
dangenously land sometimes fatally) Low approach altitudes.

When descending towand an airpont duning the day, a pilot uses depth
penception o estimate distance to and aftitude above an airport. The
pilot can fainly easily descend along an approximately 3 degnee visual
approach path to a distant aunway.

On a moonless on ovencast night, however, the pilot has Litile on no depth
penception because the necessany visual clues (colon variations, shadows
and Zopoghaphical nefenences) are absent. This Lack of depth percepiion
makes estimating altitude and distance mone difficult.

For example, a pilot §Eying &ix miles {rom and 2000 feet above a runway
that {8 12,000 feet Long and 300 feet wide sees the same picture through
the windshield as when the aireraft is onty thnee mifes grom and 1000 {eel
above above a nunway that is only 6000 feet Lomg and 150 feet wide.
Remember that 2his 4s 2twe either day on night; making consistent
approaches assunes consistent Landings. - _ ‘

APPROACHES OVER WATER

The problem 4£s exacerbated when 8tnaight-in approaches arne made over waten
on dank, featuneless tenrain on an ovencast on moonless night. The onby
visual o&timuli ane distant sounces of Light 4in the vicinity of the
destination ainpont. Such situations ane often neferred 2o as 'black-hole
approaches. The'black hole' nefens not o the airpont, but 2o 2he
jeatuneless darnkness oven which the approach s being conducted. Ovemwater
approaches arne notable examples.

- to
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[Angies exaggerated for clariication

Figure 2. Distance and altitude from an airport effect the pflot’s perspective. Ifa constant
altitude is rnaintained, the airport wili subtend a greater visual angle, and therefore appear
larger, as the airplane zpproaches the airport.

Angies axapoeraied for ciariication

Figure 3, Assuming that an airplane could descend vertically at a constant distance from
an girport, the visual angle would decresse, making the airport appear to move farther

away.

becomes smaller. Finally at position B,
the visual angle is only 5°. In other
words, the visual angle decreases as
altitude decreases.

-

Because the visual angle becomes larger
as a pilot nears the airport and becomes
smaller as the aircraft loses altimude, a
pilot can descend toward an airport in

91

such a way that the resultant visual
angle remains constant.

Notonly cana pilot approach an airport
in this manner, but this is exactly what
pilots tend to do-without realizing it-
while executing black-hole approaches.
The problem is shown in Figure 4. The
flightpath during which the visual angle
remzins constant consists of the arc of
a circle centered high above the light
pattern toward which the pilot is
descending.

Note that flying such an arc places the
aircraft well below the 3* descent profile
normnally used when a pilot has benter
depth perception. Also, the
circumference of this arc is sufficienty
large that the pilot has no way of
detecting that he is flying along an arc
instead of a straight line.

LOW APPROACH SHORT OF
RUNWAY

The pilotactually makesalowapproach
10 a point about two to three miles from
the runway. Upon arriving at this point,
the efror starts to become apparent and
the pilot takes corrective action (unless
the airmaft’s striking an intervening
obiject interrupts the process).

Some may wonder how a pilot can
possibly crash during a straight-in
approach withowut first losing sight of
the airport. A pilot about to collide with
the terrain or an obstruction does begin
to lose sight of the airport, but this can
occurafteritistoolate toeffectatimely
recovery.

LIGHTS AT SMAIL CITIES

The Boeing researchers also discovered
thatif the airport is at the edge of a small
city, the additional lighting cues do not
provide improved reference information
10 the pilot-as long as the approach is
made over dark terrain or water.

Curiously, their experiments suggested

-4
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hole. Pilots seldom are victimized by
illusions when the final approach is less
than two-to-three miles long.

A pilot can use cenain precautions to
increase altirude and distance awareness
during long, straight-in approaches at
nightwhen an ILS or VASlis unavailable
for descent guidance. (Although a VAST
may be visible for 30 miles at night, safe
obstruction clearance is guaranieed only
within four miles of the runway
threshold.)

DME (¥ avzilable and appropriate) can
help establish a safe descent profile
using the principle that a2 3' descent
profile can be maintzined by being 300
feet above the ground (AGL) for each
nautical mile from the runway. (For
example, an aircraft that is three miles

from the runway should be at 900 feet
AGL) A 4 descent is established by
maintaining 400 feet per nautical mile,
and so forth.

Always maintain a watchful eye on
airspeed, altitude and sink rate. An
excessive sink rate (for the aispeed
being flown) indicates either a strong
tailwind oran abnormally steep descent
profile. Remain alert!

Although stating this might seem silly,
be certain that you are descending
toward an aifport. Pilots have been
deceived by highway lights that-from a
distance-give the illusion of being

runway lights.

Maintain a safe akitude until the zirpont
and its associated lighting are distinctly

93

visible and identifiable,

Like most people, pilots usually believe
whatthey see. In bleck-boleapproaches,
however, pilots should have compelling
reasons 1o not do so.

Airliner References -

+ Night Visual Approachﬁa} Apr 1969

* The Last Two Minutes- Jan-Mar 1991

o Stopping on the Runwa
V‘gggl Agpproachs - Y‘xpr-Jun 1991

The facts and opinions contained in
thisarticleare presented by theauthor
and are not necessarily concurred in
norendorsed by The Boeing Comparny.
Questions regarding the contents of

the article may be directed to the
author. :
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