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Abstract: This report expiains the crash of United Express flight 6291, a Jetstream 4i 01
airplane, while on approach to runway 28t at Port Columbus International Airpor,
Columbus, Ohio, on January 7, 1884. The safety issues in the report focused or aircraft
szfety Dbelts, training programs for Part 135 pilots that emphasize stall warning
racognition and recovery technigues, and that lead 10 proficiency in both high sped and
coupled approaches. Safety recommendations concerning these issues were made to
the Federal Aviation Administraticn.
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EXECUTIVESUMMARY

On January 7, 1994, about 2321 eastern standard time, a Jetstream
4101, registration N204UE, operated by Atlantic Coast Airlines, Sterling, Virginia,
and doing business as United Express flight 6291, crashed 1.2 nautical miles east of
runway 28L at Port Columbus International Airport, Columbus, Ohio. The airplane
was being operated as a regularly scheduled commcter flight under 14Code of
Federal Regulations, Part 135, from Washington Dulles International Airport,
Chantilly, Virgiria, to Columbus, Ohio. The flight had been cleared for an
instrument landing system approach to runway 28L and was in contact with the
local tower controller when it crashed into a storage warehouse. The pilot, copilot,
flight attendant, and two passengers were fatally in, -ed. Two of the other three
passernigers received minor injuries, while the third was not injured. The airplane
was destroyed. Instrument meteorological conditions prevailed at the time, and the
airplane was on an instrument flight rules flight plan.

The National Transportation Safety Board determines the probable
causes of this accidentto be:

(1) An aerodynamic stail that occurred when the flightcrew allowed
the airspeed to decay to stall speed following a very poorly planned
and executed approach characterized by an absence of procedural
discipline;

(2) Improper pilot response to the stall warning, including failure to
advance the power levers t0 maximum, and inappropriately raising
the flaps;

(3) Flightcrew inexperience in “giass cockpit” automated aircraft,
aircraft type, and in seat position, a situation exacerbated by & side
ietter of agreement between the company and its pilots; and

{(4) The company’s failure 10 provide adequate stabilized approach
criteria, and the Federal Aviation Administration’s failure to require
such criteria.

Member Vogt concluded that the last factor was contributory but not
causal to the accident. Additionally, for the following two factors, Chairman Hail
and Member Lauber concluded that they were causal to the acc.’=nt, while



Members Vogt and Hammerschmidt concluded that they were contributory to the
accident:

(5) The company’s failure to provide adequate crew resource
management mining, and the FAA’s failure to q u i r e such training;
and

(6) The unavailability of suitable training simulators that precluded
fully effective flightcrew training.

Safety issues discussed in the report include aircraft safety belts, and
training programs for Rt 135 pilots that place more emphasis on stall warning
recognition and recovery techniques, and that train pilots to proficiency for both
high speed approach profiles and coupled approach profiles. Safety
recommendations concerning these issues were made to the Federal Aviatim
Administration. Also, the Safety Board reiterated safety recommendations to the

Federal Aviation Administration concerning stabilized approaches and aircraft
safety belts.

vi
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WASHINGTON, D.C. 20594

AIRCRAFT ACCIDENT REPCRT
STALL AND LOSS OF CONTROL ON FINAL APPROACH

ATLANTIC COAST AIRLINES, INC/UNITED EXPRESS FLIGHT 6291
JETSTREAM 4101, N304UE
COLUMBUS, OHIO
JANUARY 7,1994

1. FACTUAL INFORMATION
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On January 7, 1994, about 2321 eastern standar! time (EST),! a

Jetstream 4101 (1—4101),2 registration N304UE, operated by Atlantic Coast Airlines
(ACA), Sterling, Virginia, doing business as (d/b/a) United Express flight 6291, call

sign Blue Ridge flight 291,3 crashed 1.2 nautical miles east. of runway 28L at Port
Columbus International Airport (CMH), Coiumbus, (hio. The airplane was being
operated as a regularly scheduled commuter flight under 14 Code of Federal
Regulations (CFR), Rt 135, from Washington Dulles International Airport (IAD),
Chantilly, Virginia, to Columbus, Ohio. The flight had been cleared for an
instrumer? 1= Frg system (ILS) approach to runway 28L and was in contact with
the local tower controller when it crashed inio a storage warehouse. The pilot,
copilot, flight attendant and two passengers were fataily injured. Two of the other
three passengers received minor injuries, while the third was not injured. The
airplane was destroyed. Instrument meteorological conditions prevailed at the time,
and the flight was on an instrument fiight ruies (IFR) flight plan.

LAl times are eastern standard time (EST) based on the 24-hour clock, unless otherwise
indicated.
2The 1-4101 may be referred to as a J-4100, J-4101, BA-4100, or BA-4101 in this report since

the manufacturer has changed names from British Aerospace (BAe) to Jetstream Aircraf: Limited
The "1™ or "3" suffix at the end of the model number refers to an airplane flown in the United

States or the United Kingdom, respectively.
3United Express Flight 6291 wused the call sign of Blue Ridge 291 for air traffic control
communicaions.
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According to ACA system control, the captain and first officer reported
for duty at 2021 at the ACA operations area at IAD. The captain was given
departure papers for the Blue Ridge flight 291 from IAD to CMH. The departure
papers consisted of a weather bricfing package, notices to airmen (NOTAMs), flight
pian, aircraft number, and passenger load information.

Company records indicated that the accident airplane arrived at IAD
from CMH at 2105. The terminating crew stated that the airplane had flovm six
flights that day for 2 8 hours of block time. tight icing was experienced cn all Six
flights. The terminating crew reported that the airplane had performed satisfactorily.
The anti-ice and deice systems were tested and operated properly several times
during the day. No discrepancieswere recorded in the airplane logbook.

The captain of flight 291 requested that the airplane be loaded with
4,100 pounds of fuel, and he selected Dayton, Ohio (DAY), as the altemate
destination. He proceeded to ths airplane where he met briefly with the first officer
who had flown the inbound fligiis frem CMH.

After the passenger boarding was completed, the crew performed
weight and balance calculations. The flightcrew moved four passengers from
Section A to seats in Section C to achieve the proper balance for the airplane. This
was refiected on the completed weight and balance caiculations for the accident

flight

The airplane departed the gate at 2158 (as reported by ACA flight
following) with five passengers on board, The flight was planned to cruise at an
altitude of 14,000 feet above mean sea level (mi)with an en route flight time of
Lhour and 30 minutes.

While en route, at 2259:30, the radar controller at the Indianapolis Alr
Route Traffic Control Center (ARTCC), staled, “Blue Ridge 291, be advised, ah,
just had a report of some icing at 14,600, 10 o‘clock to you and, ah, 2bout 25 -
30 miles." The captain, who was flying the airplane, replied, “You said that was
some light rime?” The controller then transmitted, “404CK, what kind of icing were
you getcing?” The pilot of the aircraft responded, "Moderate, moderate rime on up
to 14,000 and we’re, ah, we’re in the clear, ah, in the clear above uS up here at
15,000." After receiving the report and thanking the pilot, the controller relayed,
"Blue Ridge 291, he said it was moderate rime icing up to 14,600." At 2302:28, the
flightcrew of Blue Ridge 291 inquired, “And Indiznapolis Center, Blue Ridge 291,
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can we get, ah, 15,000 for a little while?” The request was granted. At 23035:42,
the radar controller transmitted, “And Blue Ridge 291, pilots discretion maintain
11,000," to which the flightcrew repeated the clearance, acknowledgingthe call.

About 2310, flight 291 contacted CMH approach control and advised
the controllerthat they were descending through 13,200 feet for 11,000 feet and that
they had Automatic Terminal Information Service (ATIS) information Alpha. ATIS
information Alpha was as follows:

Measured 1,100 overcast, visibility 6, light snow, fog, temperature
23, dew point 22, winds 330 at 4, altimeter 29.97, ILS Runway
28 1.eft approach in use, also landing runway 28 right.

Right 291 was assigned a 285-degree heading to intercept the IS for

=:mars 781 at CMH and was cleared to descend t0 10,000 feet At 2315, flight
291 was advised of the updated weather report at CMH (A1IS Bravo), which the

crew acknowledged. It read as follows:

Special weather 0410 Zulu [23101 measured ceiling 800 overcast,
visibility 2 17z, light snow, fog, wind 300 at 4, altimeter 29.97.

At 2216:28, flight 291 was advised of their position, 10 miles from

SUMIE,? to maintain 3,000 until established on the localizer, and was cieared for
the ILS approach to runway 28L ai CMH. (See figure 1). The flight acknowledged
the clearance. About 1 minute later, air traffic control (ATC) instructed flight 291 to
reduce its speedto 170bots and to contact the CMH tower controller.

At 231,758, sounds similar to a reduction in propeller/engine noise
ampiitade 1S noted ON the cockpit voice recorder (CVR) transcript. The full CVR
transcript, including all ATC transmissicns within that period of time, is included in
appendix B.

At 2318:20, the crew contacted the CMH local tower controller. The
controller cleared flight 291 to land on runway 281L.. The last transmission to ATC
received from the airplane before the accident was the acknowledgment of that
clearance.

*The initial approach fix (1AF) for the IL3 approachto runway 28L at CMH.
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Relevant comments and sounds recorded on the CVR during the last
portion ofthe flight were:

2318:44 First Officer  ref is 112, | gotta plug that (too)

2318:46 Captain 1did it foryou

2318:53 First Officer  here comes the glideslope

2319:14 sounds similar to altitude or gear
warning alerts

2319:30 Captain and we're marker inbound

2319:36.8  Captain don't forger to give me my caiis 1,014 is
DH

2320:01.3  First Officer  athousand above

2320:02.3  captain okay flaps nine

2320:08.5 Captain gear down

232025.6  First Officer  flaps riften landing gear down three

reen

232031.6  Firstofficer gondition levers a hund- condition
levers a hundred percent

232036.1  Captain okay give me a hundreA percent please

232035.1  First Officer  ahundred percent flows at three

232039.8 sounds of increase in propeller/engine
pm

2320.41.1  Captain three

232041.6  First Officer ~ yaw damper

232042.7  Captain and autopilotto go don'ttouch

2320:44.5  First Officer  don't touch

2320:46.2  First Officer  holding on the yaw damper

2320:46.6 sounds Similar to that of a stick shaker
Start

232047.2 sound of seven tones similar to that of
autopilot disconnect alert

2320:48.1  Captain Tony

232049.5 sounds similarto a stick shaker stop

2320:56.2  captain what did you do?

2320:50.8  First Officer | didn't do nothing

2320:51 sound similar to that of stick shaker
starts

2320:52.3 sounds similar to that of an increase in

prop/engine noise amplitude



232052.5
232053.7

232053.7
232054.0
2320:54.3

232055.3
2322:57.5

2320.58.7
2321:00.2

captain

Captain

Captain

Captain

gimme flapsup

sounds simular to that of stick shaker
stop

no no hold it

the GPWS transmits"Put”

sounds similar to that of stick shaker
starting again and continuingto the end
of recording

gimme flapsup

sounds similar to that Of change in Or
addition 10 stick shaker

whoa

sound of impact

Tke crash occurred about 2321 during the hours of darkness. The
airplane came to rest about 1.2 miles east of the threshold of CMH’s runway 28L at

39° 59' 31.8" north latitude and 82" 50' 49.8" west longitude. The accident site
elevation was 866 feet msi.

1.2 Injuriesto Persons

Iniuries

Fatal
Serious
Minor
None
Total

ND OO N

i3 Damage to Aircraft

Elightcrew Cabincrew Passengers  Other Total

=D O O -
b DO
el~NoleNo)
Ok DO W

The airplane was partially destroyed by the impact with tress and a
concrete block structure. It was then consumed by a postcrash fire. The airplane's
value was estimated at $7 million.

1.4 Othei: Damage

Numerous trees, the highest of which was approximately 50 feet tall,
were destroyed. A storage warehouse, built n 1989, was destroyed when the
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airplane came to rest in it and then caught fire. The owner stated that the building
contained heavy mechanical equipment, and a 1952 Nissan NX 1600 automobile,
which contained some gasoline in its fuel tank.

1.3 Personrel Information
151 The Captain

The captain, age 35, had been hired by ACA on April 13, 1992, as a
first officer on the Jetstream 3201 (3-3201). He completed transition training and
upgraded to captain inthe J-4101 on October 26, 1993. He held an airline transport
piiot (ATP) certificate with ratings and limitations for airplane multiengine land,
BA-4100, and commercial pilot privileges for single-engine land airplanes. He also
possessed a flight instructor certificate with ratings and limitations for airplane
single and multiengine, instrument airplane. His total pilot time was 3,660.4 hours,
of which 1,373.4 hours were _: turboprop airplanes. He had accumulated
191.9 hours Inthe J-4101, of which 150.8 was logged as line pilot flight time (pilot-
in-command (PIC) rime), 39.1 hours night experience, and 23.5 hours instrument
experience. The captain possessed a first class medical certificate issued orn
September20,1993. It contained no limitations.

The captain earned a Bachelor's degree in urban systems and had
previously been employed as a computer programmer. He began his aviation career
in 1985, and had worked as a flight instructor In1987. He worked periodically as a
Zessna 206 charter pilot in the northeastern United States €or about 4 years until he
was hired by ACA and entered Jetstream 3200 first officer training. He completed
training but failed His initial second-&command (SIC) 14 CFR Part 135.293
simulator check on May 7, 1992, as a result of difficuliles with instrument

approaches and holding procedures. After 3.0 hours of additional simulator training,

he successfully completed the simulator check on May 12, 1992. He was assigned
J-3201 SICduties on June 1,1992.

ACA Jetstream 4100 training was conducted under contract with
Reflectone Training Center (RTC), Sterling, Yirginia, and included ground school
and flight training for the -41G1.

The captain's RTC J-4101 instructors described him as an average
student. After completing 13.2 hours in J-4101 upgrade/transition training, which
~:as his first XpOosure to a "glass cockpit” type aircraft, the captain failed his initial



J-4101 type ratirg check ride on September 30, 1993, because of difficulties with
instrumentapproaches, emergency procedures, and judgment. The Federal Aviation
Administration (FAA) examiner who adminisiercd the failed check ride reported
that the captain entered a pilot-induced oscillation while conducting an ILS
approach on standby instruments during which the stick shaker activated. He
observed that the captain was "unusually nervous" during the check ride.

The captain subsequently received 2 hours and 20 minutes of additional
flighi training on October 6, 1993. He successfully passed a follow-up check ride
given by the same FAA examiner and received a type rating in the J-4100 OR
October 7, 1993. He was assigned J-4i91 PIC duties as a reserve cgptain OR
October 26, 1993, after completing 21.2 hours and 11 landings during initial
operating experience (I0E). Prior to his assignment as a 34101 reserve captain, he
had not served as 2 PIC in air carrier line operations.

According to a first officer, who had flown with the captain for i5 days
during the wmonth prior to the accident, it was the capiain's practice to fly autopilot-
coupled approacies, and he did so for most of the approaches that they flew
together. The first officer reported that they always used the flight director on
approach.

At the request of the Safety Board, ACA provided a list of all flights
the captain undertook within the 90 day period before the accident and the time of
day the flights were made. This period included all fights he commanded as PIC of
the J-4100. Meteorological information for the conditions existing at the times, and
the locations of those flightswas dotained to determine the nature of the weather the
captain likely encountered at the time.

The results indicate that during the previous 90-day period, the captain
flew a total of 24 approaches to ten airports. Columbus, Ohio, was not one of these
airports. Omne approach was flom when frozen precipitation was reported with
temperatures below freezing. None of the 24 approaches were performed during
darkness, with frozen precipitation, in instrumentmeteorological conditions (IMC).

The captain had been off duty and at home during the 3 days prior to
the accident. His activities and meals, according to his spouse, were normal. His
rest was aiso normal: he received appreximately 2 hours of sleep each night.
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‘The captain resided in Stamford, Connecticut. He commuted on other
airlines 1o the Washington, D.C., area for flight assignments when he was notified
5y ACA crew scheduling. Asa I-4101 reserve pilot, he was snbiect to being calied
for duty when notified by ACA and did not work according to an established
schedule. While at home on January 7, 1994, the captain was in an assigned "B"
reserve status that required him to be able to report for duty within 6 hours of
notification.

About 02000n january 7,1994, the captain was natified by ACA crew
scheduling that his reserve status was being elevated to " A reserve status, which
required him to report for duty within 90 minutes of notification to facilitate
anticipated crew requirements. Asaresult, he took a taxi to Stamford and then flew
to Washington early on the morning of January 7, 1994, to fulfill that requirement.
While in the Washington, D.C., area during that day, he shared a hotel room near
IAD with the first officer of flight 201 and was later notified to report for the
accident flight The captain reported for the flight at 2021. No witnesses were
located that could describe the captains activities while at the hotel, or indicate the
time that the captain went to bed on the night of January 6,1994.

The first officer of ACA flight 6163, tne flight prior to the accident
flight, reported that after arriving at IAD, he secured the accident aircraft and was
preparing to g0 off duty when he encountered the captain on the ramp and spoke
with him concerning the weather. Th« first officer stated that the captain appeared
normal in all respects, that his dermeanor was calm and professional, and that he was
“concerned” about the weather.

A search of the FAA records showed that the captain had no accident
or violation history. A search of the captain's FAA cerntification records showed that
on October 19, 1987, he failed in his first attempt to obtain his flight instructor
certificate. These records indicate that he failed both the fiight and oral poriions of
the test because of "analysis and performance of flight maneuvers.” On
November 8. 1987, he passed his flight instructor oral and flight test and was issued
z flight instructor certificate.

1.5.2 The First Officer
The first officer, age 29, was hired by ACA on June 1, 1993. He held

a commercial pilot certificate with ratings and lmitations for airplane single and
muitiengine land and insttument airplane. He also possessed a flight instructor
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certificate with ratings and limitations for airplane single-engine and instrument
airplane. His total pilot time was 2,422.9 hours of which 110 hours were m
turboprop airplanes. At the time of the accident, the first officer »ad accrued a total
of 32.1 hours Inthe #4101, of which 4 hours (including 1.5 hours on the accident
flight) were line experience, and 28.1 hours were in flight training, 10E, and
checking. He had a total of 16.3 hours night experience, and 115 heurs instrument
experience in the J-4101. The first officer field a first class medical certificate
issued on February 15, 1993 (second class medical certificate privileges after
August 1993), that contzined no limiatias.

The first officer had nct previously been employed as an air carrier
pilot. He had been hired by ACA as a first officer 3 months before the accident He
had completed 34101 second-in-command {SIC) ground school and flight training
administered by RTC one month prior to the accident.

The first officer, wno had a Bachelor's degree in aviation business,
began his aviailon career in 1983, then attended college and worked as a carpenter

Aeodemr ot oo o =

umiil 1990 whien hic begai wuiking as & (ignt instructer. He worked prmasily s 2
flight instructor for about 2 vears in New York and briefly in Jamaicu: until June 1,
1993, when he was hired by ACA as a customer service representative, He entered
J-4101 pilot training at RTC m Sterling, Virginia, on October 18, 1993, which was
his first exposure to a "glass cockpit” aircraft. His ACA employment applications
listed the captain, whom he had known for 3 years, as a reference.

The first officer's RTC instructors described him as an above average
student. He was given an oral examination by ACA on November 9, 1993, and a
SIC fiight check on November 22, 1993, and he passed them both. On
December 9,1993, he completed 11 hours and 10 landings of IOE training in the
J-4101 and was assigned J-4101 SIC duties as a reserve first officer.

The first officer had been off duty at his home in Brookiyn, New York,
for 3 days prior to the accident. According to his spouse, he ate and rested normalily
during this period.

On the evening of January 6, 1994, the night before the accident, the
first officer traveled (0 Washington, and, about 2330, he checked into a hotel near
1AD and left 2 wake-up call for 0500 the next day. According to his spouse, he
remzined at the hotwel relaxing and watching television during the day of the
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accident. He shared the hotel room with the captain until he reported for the flight
at 2022 EST on January 7,1994.

A search of FAA records showed that the first officer had no accident
or violation history. A search of the first officer's FAA certification records showed
that on February 2,1990, he was unsuccessful in his first attempt to obtain his flight
instructor's instrument certificate after failing the flight portion of the test. On
February 5, 1990, he passed his flight instructor's instrument flight test and was
issued a flight instructor's instrument certificate.

16 Aireraft Information

The airplane was manufactured on June 30,1993, by Jetstream Aircraft
Limited, Prestwick, Scotland, as a model J-410Q, Serial Number 41016. On that
date, it was given an export certificate of airworthiness. British Aerospace, Inc.,
was restructured In 1992. and, as of January 1, 1993, the portion of the company
that manufactured turbepropeller aircraftwes renamed Jetstream Aircraft Limited.

The airplanewas acguired by ACA nJuly 1993. It was certificated as
aJ-4101 in the United Siates as a transport-category airplane and was approved for
gperation In icing conditions. day and night visual flight rules (VFR), instrument
flight rules (IFR), and reverse thrust taxi. The airplane was configured to carry 29
passengers, two pilots, and one flight attendant. The airplane was equipped with an
autopilot, ground proximity waming system (GPWS), CVR, and a digital flight data
recorder (FDR).

The airplane had been maintained in accordance with an
FAA-approved block inspection program ("A" and "C" checks performed at 300-
and 3,000-hour intervals, respectively). Al periodic and nonroutine inspections had
been completed. There were no "open” discrepancies, and no problems were
reported on the last three flights.

1.6.1 The Auntopilot

N304UE had a 3-axis autopilot with an approach coupler installed.
Autothrottles were not installed on the airplane. According to the flight manual,
sither crewmember could ccuple the autopiiot during the approach phase of flight.
The autopilot ceuld become disconnected by:



12

Use of the autopilot disconnect switch on either control yoke;
Pressing the Engage switch on the autopilot control panel;
Operating the electric trim switch on either yoke;

Operating the master autopilot switch on the glare shield;
Pressing the go-around button;

Activation of either stick shaker,

Pressing either FCS control switch;

Selecting reversion of any EFIS component.

NP WNpE

The Jetstream series 4100 Manufacturer's Operating Manual, Volume 4
{(MOM 4), section 10, Autopilot, subsection F Captions (1) AP DISC [autopilot
disconnect], statesthe following:

0 Disconnection Of the autopilot causes the AP DISC (red)
caption ko come on.

0 An output to the Audio Waming System (AWS) causes a
hormn to sound following an autopilot disconnect. The horn
sounds for two seconds irrespective of ihe cause of
disconnection.

o The AP DISC caption comes on for two seconds following a
pilot induced disconnection (e.g. stick shaker operation, GA
[go around] selection or deliberate disconnection) and is on
continuously follewing an autopilot sensed failure condition
or AHRS [attitude and heading reference system] failure. A
continuous warning is canceled by pushing the A/P OUT
switch.

On March 4,1934, Jetstream Aircraft, Ltd., determined that portions of
the preceding information excerpted from the ~:OM 4 were incorrect. Jetstream
issued a change on July 15, 1994, to correct the inaccuracies in the MOM 4
regarding the autopilot audio waning system following a disconnect. According to
Jetstream, the audio warning system sounds for 2 seconds following an intentional
disconnect by the pilot (I, 2, or 5 from the above autopilot disconnect list). Any
other type autopilot disconnect(3, 4, 6, 7, 8) activates the audio and visual warnings
continuously until canceledby the pilot.
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1/ Meteorological Information

The 2200 National Weather Service INWS) surface analysis chart for
January 7, 1994, depicted a low pressure area in southern Norii Carolina, central
Virginia and southem: New Jersey. A cald front extended southwest into the Gulf of
Mexico fram the low pressure area in Virginia, while a warm front extended to the
east-northeast into the Atlantic. A trough of low pressure was located from
northwest Pennsylvania and extended northwest into Minnesota. A westerly flow
with high pressure was moving into Ohio. The 0100 surface analysis for January 8,
1994, showed a low pressure area in approximately eastern Maryland with a cold
frontextending to the southwestinto the Gulf of Mexicoand a warm front extending
to the east into the Atlantic. A surface trough extended from the low pressure center
in Maryland northwest into Minnesota. High pressure continued to build into Ohio.

The 2300 NWS weather depiction chart showed IFR> and marginai visual flight
rules' (MVFR)® conditions with snow: throughout Ohio.

Airman's meteorological information (AIRMET) advisories for the
CMH area were issued at 2045 and were valid until 03¢0 on January 8, 1994, €or
occasional: IFK conditions aiz precipitation and/or fog; mc.€faic iurbuicnos
between 8,000 and 20,000 feet with isolated severe turbulence; and light to
moderate rime/mixed icing In clouds and precipitation between 2,000 and
19,000 feet. There were no SIGMETs [si-gnificant meteorological information] in
effect for the time and location of the accident.

The NWS terminal weather forecast for Columbus, issued about 1945
and valid for the time of the accident, was:

2000 to midnight: Ceiling--800 feet ¢ "ercast (visibility greaie:r than
6 miles); winds 330 degrees at 8 hots; occasional ceiling
1,200feet overcast; visibility 4 miles; light snow, fog.

Amendment 1, issued at 2308, wes as follows:

5(Zei,‘ting less than 1,000 feet and for visibility less than 3 miles.

6Ceiﬁng greater than or egual to 1,000 feet to less than or equal to 3,000 feet and/or visibility
greater then or equal 1o 3 miles to less than or equal to § miles.
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2308 to 0100: Ceiling--800 feet overcast; visibility 6 miles; fight
snow, fog; occasional ceiling 1,200 feet overcast; visibility 2 miles;
light sncw, fog.

Amendment 2, issued at 2354, was as follows:

2354 tc 0200: Ceiling--500 feet overcast; visibility 2 miles; fight
snow; winds 300G degrees at 10 knots; occasional ceiling 900 feet
overcast; visibility 5 miles; light snow, fog.

The NWS area forecast (FA) for Ohio, issued at 2045 and valid until
January 8, 1994, at 0900 was as follows:

Northwest of a Cincinnati, Ohio (CVG) - Cleveland, Ohio (CLE)
line: Clouds 2,000 to 3,000 feet breken to scattered, 5,000 feet
overcast, tops 8,000 feet, with widely scattered visibilities 3 toO
5miles in light snow showers.

Southeast of a CVG-CLE line: Clouds 2,000 feet overcast, layered
to 10,000 feet, with visibilities 3 10 5 miies Inlighi SNOW, fog.

The surface weather observations forColumbus are made by the NWS.
The NWS office is located about | 1/4 miles northwest of the approach end of
runway 28L. The following observatior:s were recorded

Time—2250; type—record; ceiling—measured 1,100 feet overcast;
visibility—6 miles: weather--light snow, fog; termperature--23° F;
dew point—22° FE -wind--310 degrees 6 knots; altimeter—
29.97 inches. (This observation was transmitted to outside aviation
weather communicadon circuits at 2251, transmitted on the
Autcmated Weather Information System (AWIS), and received in

the CMH Air Traffic Control tower at 2249).”

Time--2306; type--special; ceiling--measured 800 feet overcast;
visibility--6 miles; weather--light snow, fog; wind--290 degrees

TThe time stamp 0N the AWIS transmissions was slower than the actual time of the recorded
observation.
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6 hots; altimeter—29.96 inches. (This observation was transmitted
on AWIS at 2306 and was reczived inthe CMH tower at 2305).

Time--23 10; type--special; ceiling--measured 800 feet overcast;
visibility—2 1/2 miles; weather—light snow, fog; wind--300 degrees
6 knots; altimeter--29.96 inches. (This observation was transmitted
on AWIS at 2310 and was received in the tower at 2310).
Time--2328; type--special; ceiling--measured 700 feet overcast;
visibility—~2 1/2 miles; weather--light snow grains, fog; wind—
230 degrees 5 knots; altimeter—29.96 inches. The snow grains
began at2315. (This observationwas transmitted on £ WIS at 2329
and received in the tower at 2329).

Time—2340; type—special; ceiling--measured 500 feet overcast;
visibility—!  1/2 miles; weather--light snow grains, fog; wind—
290 degrees 10 knots; altimeter—29.96 inches. (The observation
was transmitted on AWIS at 2343 and received in the tower at
2333).

Time--2350; type--record; ceiling-measured 500 feet owvercast:
visibility-2  1/2  miles; weather—light snow grains, fog;
temperature--23°F.; dew point--22° F; wind--290 degrees 11 knots;
altimeter--29.96 Inches. (The observation was transmit{ed¢ on
AWIS at 2352 and received in the tower at 2352).

Freezing drizzle was reported between G005 and 0033 on January 8,
1994,

The CMH NWS wind gust recorder record showed ward speeds
varving from 4 to 6 knots between 2300 and 2330. The maximum wind speed
during this period was about & knots. Wind speeds increased to 14 knots about
2337. The wind speed at 2315 was about 5 knots; ai 2320 about 4 hots; and at
2325 about 4 hots. The wind sensor is located about 115 feet north of the weather
serviceoffice at a height of about 30 feet above ground levei.

Upper air data for 1600, recorded at Dayton, Ohio, about 62 nautical
miles west of CMH, showed a temperature of about -5 degrees C at the surface.
The temperarure decreased to about -12 degrees C at around 8,000 feet. The wind
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6 knots; altimeter--29.96 inches. (This observation was transmitted
on AWIS at 2306 and was reeived in the CMH tower at 2305).

Time--2310; type--special; ceiling--measured 800 feet overcast;
visibility--2 1/2 miles; weather--light snow, fog; wind--300 degrees
6 knots; altimeter--29.96 inches. (This observation was transmitted
onn AWIS at 2310 and was received in the tower at 2310).
Time--2328; type--special; ceiling—measured 700 feet overcast;
visibility--2 1/2 miles; weather—light snow grains, fog; wind—
270degrees 5 knots; altimeter--29.96 inches. The snow grains
began at 2315. (This observation was transmitted on £ WIS ~t 2329
and received in the tower at 2329).

Time--2340; type--special; ceiling--measured 500 feet overcast;
visibility—  1/2 miles; weather--light snow grains, fog: wind—
290 degrees 10 knots; altimeter—29.96 inches. (The observation
was transmitted oR AWIS at 2343 and received in the tower at
2343).

Time--2350; type--record; ceiling--measured 500 feet overcast,
visibility—-2  1/2 miles; weather—light snow grains, fog;
temperature--23°F.; dew point--22° F, wind--290 degrees 11 knots;
altimeter--29.96 inches. (The observation was fransmiite¢ on
AWIS at 2352 and received in the tower at 2352).

Freezing drizzle was reported between G005 and 0033 on January 8.
1994,

The CMH NWS wind gust recorder record showed wind speeds
varying from 4 to 6 knots between 2300 and 232C. The maximum wind speed
during this period was about 5 knots. Wind speeds increased to 14knots about
2337. The wind speed at 2315 was about 5 knots; at 2320 about 4knots; and at
2323 about 4 knots. The wind sensor is located about 115 feet north of the weather
service office at a height of about 30 feet above ground level.

Upper air data for 1900, recorded at Dayton, Ohio, about 62 nautical
miles west of CMH, showed a temperature of about -5 degrees C at the surface.
The temperature decreased to about -12 degrees C at around 8,000 feet. The wind
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direction at the surface was northwesterly with a wind speed of about 3 knots. The
wind speeds increased to about 18 knots at 8,000 feet. The wind direction at
8,60 feet was westerly. Moisture was evident from the surface up to aboui
5,000 feet.

The weather information provided to the crew of N304UE included
departure and destination weather, winds aloft, alternate weather, en route weather,
and AIRMETs and SIGMETs. The information included the 1950 CMH
observation of 900 feet overcast, visibility S miles; the CMH terminal forecast
indicating a forecast of 800 feet overcast, winds 330 degrees at 8 knois, occasional
1,200 feet overcast, visibility 4niles in light snow and fog, which was valid for the
time of arrival; AIRMETs for 1FR,turbulence, and icing; and a pilot report at 1911
indicating moderate rime icing at a FL (flight level) of 4,000 feet from CVG to
CMIHL

The captain and first officer of an America Eagle flight, a
SAAB/Fairchild SF-340. which landed at CMH about 2308, reported that during
their ILS approach io runway 28L., they encountered light-to-moderate rime/mixed
ice. They werc provided a PIREP [pilot report] by air traffic control of moderate
icing below 2,700 feet, and they entered clouds descending between 6,000 and
5,000 feet  They cycled the deicing boots three times during the approach, and they
noted, during a postflight inspection, about 1/2 to 3f4 inch of ice on the unprotected
surfaces of the airplane and nio ice on the leading edges of the wings.

The pilot of a Hawker Siddeley HS-1000 landed on runway 281, about
2320, just before the accident airplane. He reported that during descent, the
airplane entered clouds between 8,000 and 7,000 feet. He said that he encountered
light freezing drizzle, light freezing rain, and ice fes, and that the airplane
accumulated rime ice during the approach. The airplane has a fluid anti-ice system.
He estimated a rate of accumulation of 1/4 inck for every 5 ininutes of flight time.
Because Of the ice, he added 10 knots to his airspeed. He siid that there were no
significant wind. during the approach. The pilot stated that he broke out of the
clouds at 500 feet and that the ILS approach was noma! with ne warning flags. He
reported NO ice accumulation on the leading edge surfaces of the wing; however,
during postflight inspection he noted 1/4 to 1/2 inches of ice on the nose of the
airplane,

Two individuals reported encountering freezing mist whiie driving near
the accident site. One of them reported driving roughly paraliel to the approach
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ccurse near t:e outer marker about 3 minutes before the accident, anid the other was
driving to the accident site about 2340. Both of them indicated difficulty in driving
because of the freezing mist sticking to their windshields.

18 Aids to Navigation

There were no reported difficulties withthe navigation aids used by the
fixght at the time of the accident. A postaccidentflight test on January 9, 1994, and
a ground check of the navigation aids, found no malfunctions with the equipment.

19 Communications

At 2303:22, the flightcrew of United Airlines flight 660 that landed at
CMH advised the local controller of moderate ic¢ between 2,500 and 3,000 feet.
The local controller then advised the radar controller cf the pilot report so that this
information could be passed to subsequent arrivals. The radar controlier wrote s
report on the back of a flightstrip and indicated the time of the receipt as 2336
Although he provided this information, as required, to other alraaft that were
ianding at CMH, when the crew o flight 291 made initial contact with him at
2310:16, <he report was not passed to them.

At 2314:36, the radar controller wes relieved from the position, and he
briefed the relieving controller of the pilot report; however, he neglected t& advise
her that this information haa not been given to the flightcrew of flight Z91.

There were no other known air-to-ground communications difficulties.
1.1¢ Aeredrome Information

The Port Columbus Intemational alrport is 6 miles east of Columbus,
Ohio. at an elevation of 815 feet. The airport has three runways: two parallel
runways oriented 10R-28L and 10L-28R; and 2 third munway, 5-23, intersects and
crosses the Z8L approach end. Runway 28L is 10,250 feet in length and 150feet in
widih. Runway 28R is 6,000 feet in length and 150 feet in width. Runway 5-23 is
4,483 feet in fength and 130 feet in width. Runway 28R is the preferred runway for
United Express due to the close proximity to its operations.

There are seven approved instrument approaches for the CMH airport.
Runwayvs I0L, iOR, and 28L have both ILS and NDE [nondirectional beacon]
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approaches. Runway 28R has a localizer back course. Runway 5-23 does not have
an approved instrumernt approach.

The airport has a fuli-time operational contrc! tower, ground contrei,
clearance delivery, and ATIS. Airtreffic instrument approach servicesto the airport
zre provided by Columbus approach control. The airport ab:, Las a UNICOM
frequency.

No reports or NOTAMs [notice to airmen], verbal or writtea, were
Issued to the flightcrew regarding maifunctions or improper equipment cn the
aitport. The pilot who landed just prior to the accident airplane reported that the
runway 28L runway lights were operating normally, although they w zre not on the
highest intensity.

1.11 Flight Recorders
1.11.1 Cockpit Voice Recorder

The airplane was equipped with a CVR that recorded cockpit area
sounds. It was found about 2 feet from the separated empennage of the airplane and
was sent to the Safety Board‘s lahoratory in Washington, D.C., ior readoult.

The majority of the CVR, a Universal solid-state digital type recorder,
sustained severe fire damage, but impact damage was gereraily confiied to the front
side. Although all electronic components external to the crash case and thermal
protection jacket were desiroyed by fire, N0 damage to the memory module was
observed. The playback time of the recording was approximately 30 minuies and 1
second (30:01). The recording was of excellent quality enhanced by the use of the
intracockpit intercom system by the two crewmembers.

1.11.2 Flight Data Recorder

The postaccident fire was very intense, burning out of control for
nearly 1 hour, consuming a large portion of the airplane. As a result, the limits of
the solid state digital FDR’s ability to protect against fie were exceeded, and the
memory module suffered some thermal damage.

The FDR, a Loral Fairchild Model Fi0v0, was removed from the
airplane wreckage and was brought to the Safety Boards laboratory in Wsshington,
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D.C., for readout and evaluation. Because of the thermal damage, the recorder was
subsequently taken to the Fairchild facility in Sarasota, Fiorida, for a further
evaluarion, repair, and readout.

While at the manufacturer's facility. the crash-survivable storage unit
(CSSU) was disassembled and inspested down to the internal flash memory storage
module. Repairs were made to she memory module, allowing the recovery of ail
recorded daia.

Section 1.16.1. Flightpath Reconstruction, contains piots and further
descripions of the FDR data.

1.12 Wreckage and Impact Information

The airplane collided with a stand of trees and came to rest uprightina
commercial building. Ground and tree impact marks were consisteni with the
airplane being in a relatively high nose-up, and near wings-level attitude when it hit
the trees. An intense postcrash fire consumed most of the airpiane and the building.
The wreckage path revealed no evidence of i-fiight fire or separation of any
atrplane part before the collision with the trees. The airplane’s wing tips, nose, tail,
control surfaces. and engines were found along the wreckage rath.

The wrackage path was oriented 2lcng a heading of 285°. The initial
impact was with 2 tree thar was found broken off 16.5 feet above the ground. The
tree was located approximately 20 feet to the right of the wreckage path centerline
and gbout 176 feet east of where the cenier of the fuselage came to rest. Evidence
simniler 1o propelier sirike mark. was found on the branches from this tree.

Pieces of the airplane that were found scattered among the trees and
were not damaged by fire included the right elevator homn balance, sections of the
ieft and right outbeard wings, the vertical stabilizer ventral fin. and an empennage
serve. The aft tzil cone structure. right main landing ge~ - wheel disc. outboard tire
and gezr door segment, right atleron trim rod mechanism, refueling receptacle, and
door structure were also found outside the fire area near the trees.

A pair of 12-inch-wide muts, similar in width 10 the main gear tires of
the aimplane, was found on the ground starting about 99 feet from the fuselage and
I8 i{eet to the right of the wreckage path centerlme. These ruts continued for
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approximately 16 feet toward the wreckige SIe.. A pair of similar rus, that
extended about 3 feet, was fourd approximately 83 feet from the fuselage and 2 feet
to the left of the wreckage path centerline. Tae lateral distance between the first
pair of ruts and the second pair of ruts was about 20 feet. A third pair of ruts,
8 inches wide. started about 74 feet from the fuselage and was found in the middie
of the two above-mentioned IUS. These ruts continued for approximately 20 feet
and terminated near +he wall oOf the building. The aft tail cone structure was found
where these ruts siarted.

On January 8, 1994, Safety Beard investigators observed a Diece of
airfoit-shaped ice, about 1 172 inches long and 1/4 inch thick, on the tip of the left
wing aileron hom balance, which was attached to the outboard section of the left
wing. The maximum temperature at CMY during that day was 23° F. This portion
of the left wing was found about 97 feet from the main wreckage, about 18 feet left
of the wreckage path cenierline. The ice was about 75 percent opaque and
25 percent clear and had 2 rough surface. A small amount of ice was found on the
ouiboard end of the deice boot.

Two arcas of airfoil-shaped ice were also observed by Safety Board
investigators on the outboard section of the right wing, which was found about
S1 feet from the mein wreckage and 45 feet to the right of the wreckage path
centerime. The first accumulation of ice, approximately 2 inches wide by 1/4 inch
thick, was found 8 feet inboard of the right wing fip and the leading edge flow fence,
which is used as an ice detector depth gavuge. This ice had formed over the
nonirtlatable porton of the leading edge boot. The other accumulation of ice was
found on the wing leading edge splice piate, adjacent to the flow fence. This ice
was 1/4 inch thick and abowt { inch wide (about the width of the splice plate) and
about 2 inches from the upper to iower surface. The ice was about €90 percent
opaque and 40 percent clear with a smooth surface.

The fire-damaged empennage weas found 44 feet from the main
wreckage and on the wreckage path centerline, The vertical stabilizer aad the
rudder assembiy remained attached to the empennage. The vertical siabilizer had
separaied at the root. The ait spar was bent stightly aft, and there was evidence of
overload fracture. The front spar was tom at the root with nc bending or ¢longation.
The left side of the vertical stabiiizer had moderate fire damage. Thick black
residue rovered the entire left surface.
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the fAA Civil Aeromedical Institute (CAMI). The blood tesied negative for
carboxyhemogliobin and cyanide. The urine tested negative for ethanol and drugs.

Blood, and other specimens were obizined posthumously from the first
officer and were tested by CAML The blood tested negative for

carboxyhemoglobin, ethanol, and drugs and 0.45 ug/m! for hydrogen cyarﬂide.8
1.14 Fire

There was no evidence of an in-flight fire. The airplane was consumed
by postcrash fire, and no seats, interior Tumishings, fuselage walls or ceiling
remained. Cockpit instrument panels, conirol pedestal and overhead panels were
heavily darmnaged by impact and postcrash fire.

The CMH fire depariment station 25, located on the airport, was
dispatched by the Columbus Fire Depariment Dispatch Center at 2328, Station 25
was equipped with one quick response vehicle, two Walter's pumpers, each with
1,560 gallons of water and 25 gallons of 3 percent aqueous film-forming foam
(AFFF) agent, and one QOshkosh 3000 vehicle, with 3,000 gallons of water and
50 gallons of AFFF agent. The airport also has one structural engine and one
stractural ladder truck.

The fire department captain, who was at station 23, located about
& miles north of the accident site, was notified of the accident by Port Columbus and
given instructions to stand by for assignment. He dispaiched ladder 23 and engine
25 immediately. Ladder 23 provided ventilation, rescue, and salvage, and carried no
water. The captain was in charge of ladder 23, which was staffed with a driver,
niddieman, and tiilerman. He recalled their arrival time af the accident site as 2339,
When ladder 23 amrived, engine 25 was on scene, engine 131 was in the property
driveway, and the v-arehouse building was coliapsed and fully involved with fire.
The north portion of the building was 30 to 60 percent involved with fire, The
captain noted that the wind was blowing due east and that blue flames were coming
from the corner of the building, He estimated that they returned to the station at
(300 on January 8, 1994,

8Elevated bicod cyanide is consistent with postmortem and/or inhalation of the by-products of
combustion.
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115 Survival Aspects

Three of the five passengers were able to exii the airplane before the
posterash fire enveloped the fuselage. Twe of them sustained minor injuries, while
the third reporied no injuries. The other twe passengers died of smoke and soot
inhalation.

Two of the surviving passengers had difficuliy removing their seatbelts

after the airpiane came to rest (the third, the 5-vear old daughter of the couple, stid

nder her belt (o get out). The surviving male passenger siated that the plastic

reicase iever on the safety belt's release buckle was difficult to spen becanse it had
to be pulled farther back than other metal-type release levers,

Because of the difficulty the two surviving passengers experienced
with removing their safety belis, the Safety Board examined the safety belts in three
+-4101 airplanes operated by Adantic Coast Airlines. The examination revealed that
when the safety belis were tightened firmly around an occupant’s waist, the seat
vuckles would not release consisiently. Also, when the release levers were pulled
to their fuil open positions, the safety belts would not release.

The Safety Board examined the safety belt release buckles at the
menufacturer’s facilities at Yorba Linda, California. During this examination, the
manufacturer demonstrated that the safety beits and release buckies met the
requircinents contained in the FAA’s TSO-C22f. Once it was demonstrated that the
safety belt complied with the TSO, a li-inch piece of dense foam was placed
between the body block and the safety belt to represent the seat cccupant’s soft
abdominal tissue. It was found that with the foam pad in place and with the belt
loaded to the requirements of the TSO, the buckie would not release when its lever
was opened.

A3 a resuit of this investigation, on March 14, 1994, the Safety Board
1ssued three safety recommendations that urged the FAA to:

A-94-67

Irmmediately notify all operators of the Safety Board’s finding,
including the U.S. Department of Defense and foreign govemments,
and require all operators whose aircraft have the affected Pacific
Scientific safety belt buckles to informn passengers and
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crewmembers about the need to align the buckie insert to assure
easy release of the safety belts.

A-9468

Issue an Airworthiness Directive to quire the removal and
replacement of all safety belts manuiacturcd by Pacific Scientific for

Rt Number 1108435 buckles, with the 45° lift levers, and Part
Number 1108460buckles with the 90° lift ievers, with belts having

buckles of a different design as expeditiously as possible, consistent
with the availability of replacement buckles.

A-94-69

Amend TSO-C22f to incorporate procedures which would place
material representative of soft abdominai tissue between the test
apparatus and the release Uuackle to ensure that safety belts can be
released when subjected to loads specified in the TSO.

On June 5, 1994, the FAA responded to the Safety Board concerning
Safety Recommendations A-94-67 through -69. In its reply to the FAA In a letter
dated September 1, 1994, the Safety Board classified these three recommendations
as follows:

Safety recommendation A-84€% was ~mecimea as  "(pen—
Unacceptable Response™ due to the failure of the FAA to address
the need for operators to warn passengers of the possibility of in-
service buckles not operating properly. Safety recommendation A-
83-68 was classified as "Open--Acceptable Response™ based on the
FAA's actions of issuing an Airworthiness Dictive to require the
removal and replacement of all safety belts manufactured by Pacific
Scientific with specific part numbers. Safety recommendation A-
94-69 was classified as "Open—Unacceptable Response," because
the actions takes by the FAA have not incorporated procedures
which would place material representative of Soft abdominal tissue
between the test apparatus and the release buckle.

One ofike two passengers who was overcome by smoke and soot was
observed after the airplane came to rest by the male passenger of the family of three
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who survived. He stated that the passenger appeared to be looking for something on
the floor after he and the surviving male were unsuccessful in hiying o open the
emergency latch at seat 6C. The investigation did not disclose what had capturec
the nensurviving passenger's attention during the evacuation, nor why he failed to

exit the airplane.
1.16 Tests and Research
1.16.1 Flightpath Reconstruction

Port Columbus International Airport has an automated radar terminal
system (ARTS) operated by the FAA. An FAA-supplied magnetic tape containing
recorded data from the fecility’s computer was read out in the Safety Board's
laboratory. The radar ground track for the accident airplane was plotted starting
about 7 minutes before the crash, when we airplane was about 25 miles from the
runway, until loss of contact at 232057.

The location of selectedevents from the CVR and FDR are overlaid on
the radar data plots In figures 2, 3, and 4. Each event location (dot) was
interpolated from the nearest radar data (circles). Radar altitudes were increased
75 feetto reflect actual altitude in feet msi.

Starting at the outer marker, the profile view of the approach is plotted
in figures Sand 6. The local time, processed recorded radar altitude, FDR indicated
airspeed, and dialogue from the CVR are also shown on thr.se plots. The ILS
glidesiope deviation recorded by the FDR is shown with the ¢ angle symbol on the
plot. Because only selected events are show, some FDR events or CVR sounds in
the cockpit are not shown on these plots.

The following is 2 brief description of the final minutes of flight data
recorder information:

At 2318:55, the "approach capture mode" indicated a transition to
"capture" as the ILS glideslope (G/S) value indicated iess than
1/2 dot low. The altitude was 2,988 feet and the airspeed was
180 knots. The autopilot was "on." The data indicate passing the
center Of the outer marker 14 seconds late: at an airspeed of
178hotsas the altitude decreased through 2,784 feet, and the
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Figure 2.--Selected events from the CVR and FDR.
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airplane remained on the localizer and G/S with the gear and flaps
in the up position.

During the next 45 seconds, the parameters remained generally
sicady wiih the airplane on the localizer and G/S. The airspeed

decreased 4.5 knots as the altitude decreased to 2,070 feet.

At 2320:02, engine torque values decreased from a previously
steady value of 25 percent t~ ¥stween 6 and 11 percent, while the
propeller rpm values rerr ained Steady at 97 percent. The airspeed
was 174 knots and d.creasing. The flaps began to move from the

full-up position 4 seconds later, reaching 15° at 232025.

At 2320:38, the torque reduced to nearly "0" as the propeller rpm
values increased to 100 percent. The airspeed had decreased to
125 knots, and the radio altitude was 525 feet. The airplane was on
ihe localizer and GfS. The angle of attack (AOA) and pitch values
began to increase.

At 2320:42, the airplane started to descend below glideslope
1.7 miles fran the runway at an airspeed of 115 knots. CVR and/or
FDR data show that the landing gear were down, and wing flaps

were at 15°. Further, the altitude was approximately 637 feet abave
runway elevation, and airspeed was 115 hots indicated airspeed
(KIAS) at 2320:42.

At 2320:45, the autopilot and yaw damper transitioned to "off" as
the airspeed decreased to 194 knots, and the radio altitude indicated
410 feet. The G/S data indicated that the airplane was less than
1/2 dot low, as the AOA and pitch attitude values increased to

14.6' and 3.7°, respectively.

At 232046.6, the airplane was about 2/3 of a dot below glideslope
when the stall warning system (stick shaker) activated. According
to company procedures, the mirimum ILS approach speed at this
stage of the approach should have been 130 KIAS. The stick shaker
activated at 104.5 KIAS and remained on for 2.9 seconds, util
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2320:49.59 The stick shaker activated for the second time at
2320:51.0, 101.5 KIAS, and 315 feet above the ground. FDR vane
angle-of-attack (AOA) values exceeded the stick pusher activation

threshoid 0.410 of a second after the stick shaker activated. The
FDR shows that engine toques began to rise above idle thrust at
232052.0, or 5.4 seconds after the stick shaker first activated. At
232054.9, FDR data show that the flap angle had started a steady

decrease that reached 0% by ground impact. Vane AOA values
repeatedly exceeded the stick shaker and stick pusher thresholds
during the firall descent, until the airplane crashed at 2321:00. The
evidence indicates that pitch attitude and wing AOA were
increasing and decreasing in response to nose-up and nose-down
elevator deflections, respectively.

During the remaining 15 seconds of recorded data, the airplane
entered a series of pitch and roll oscillations, the power was
increased and the flaps were raised. The peak vertica! acceleration
recorded during this period was 1.52 “G,” and lowest and highest
airspeeds were 994 and 124 knots, respectively. The peak torque
value was 84 percent recorded for the right engine 2 seconds before
the end of data. The end of data was recorded at 2321:01, as the

pitch attitude indicated 22° nose up, and roli attitude indicated 1.4°
right wing down

Flight Tests

Under the supervision of the Safety Board, Jetstream Aircraft Limited
performed several flight tests to examine the high speed approach techniques and

stail handling characteristics of the J-4100. The tests were carried out to:

1} Determine the stall warning speed appropriate to the
configuration of the accident aircraft.

Times are reported to the nearest tenth of a second from 2319:32 uitdl the end of the recording
at2321:01.

mStraight tine interpolation between data points was used to determine FDR values to the nearest

tenth of a second.
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2)  Demonstrate recovery from autopilot disconnect at stall
waning during an ILS coupled approach.

The flight tests were conducted at the Jetstream facilities, Prestwick
Airport, Ayshire, Scotland, in February 1994. The airplane used for the flight tests
was a current production J-4100. The only nonstandard itemns in the airplane were
two video cameras fitted to record a general cockpitview and a close-up view of the
captain’s electronic attitude director {or display) indicator (EADI). All relevant
parameters were recorded on the FDR to enable a direct comparison with the
accidentairplane. The airplane was loaded similarly to the accidentairplane.

Various stall approaches were flown to establish the effect of engine
anti-ice bleed and accelerated approach rate on stall warning and stall identification
speeds. Flight tests included: approaches flown that were similar to that of the
accident airplane; a demonstration of the free response of the airplane following
autopilot disconnect; and the effect of higher appreach rates and lower flight idle
torques on stall speeds. The results were. then compared with the information
available on the accidentairplane.

Recoveries from stick shaker were demonstrated I flight from both
conventional stall approaches and coupled ILS approaches. Recoveries from stick
pusher were also demonstrated i flight from conventional stall approaches, but ILS
approaches were simulated to maintain safe altitedes. ILS approaches were
simulated by placing the autopilot in vertical speed mode and allcwing airspeed to
decrease until stick shaker activated and disconnected the autopilot.

The airplane recovered without difficulty in each of the flight tests.
When recovery action (described in the J41 MOM) was taken immediately after
stick shaker, a further height loss of approximately 20 feet was experienced. The
height loss when recovery action was not initiated until stick pus* . was
approximately 250 feet. Airplane response was also analyzed by flyi.g to the
autopilot disconnect (stick shaker) and allowing the airplane to respond “hands
free” for approximately 5 seconds. Data from the flight tests was then compared
with that of the accidect aircraft which showed similar decreases in normal
acceleration, and nose-down pitch rates of approximately 2 to 3 degrees per second.
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Allowing for the effect of low flight idle (FM) torques, high
deceleration rate, ice AOA!! on, and center of gravity corrections consistent with
the accident scenario, the estimated stall warning speed would be 97.5 knots.
However, the stick shaker {stali waming) activated on the accident flight at 104.5
hots. According to the flight test report by Jetstream, the 7 knots had two
components--zbont 3.5 knots due to aerodvnamic lift degradation from ice, and
3.5knots due to the high (2to 3 knots per second) decelerationrate.

1.16.3 Systems Teardown and Examination
1.16.3.1  Ice and Rain Protection System

The J4101 ice and rain protection system is designed to keep the
airpiane surfaces and the main windshields clear of ice and rain in all weather
conditions. The ice and rain protection system consists of:

1)  Wing and stabilizer leading edge de-icing (boots)
2y  Stall and AOA sensor z:.i-icing (heat)

3) Elevator hern anti-icing (heat)

4)  Total airtemperature (TAT) probe anti-icing (heat)
5)  Engine air intakes anti-icing (heat)

6)  Pitot and static port anti-icing (heat)

7)  Windshield anti-icing and rain removal (heat)

8)  Propelleranti-icing (boots)

The wing, horizontal and vertical stabilizers are fitted with rubber
boots that inflate to break off accumulated ice. The boots operate from engine bleed
alr pressure that has been regulated to approximately 25 pounds per sguare inch
{(psi) and controlled by either a manual switch or auiomaticaily via a imed circuit.
An ejector valve provides negative pressure to hold the boots along the leading
edges when not in use.

The stall AOA sensor is electrically heated and controlied by the left
and right air data switches. The case heaters, which ensure that the stall AOA
sensors move freely in freezing conditions, are powered continuously, and the AOA
sensors are activated concurrent with the air data switches.

Hgee sections1.16.3.1 and 1.16.3.2 for an explanation of the AOA system.
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The elevator horn anti-icing systems are electrically powered and
controlled by the engine air intake switches (ENG/ELEV ANTI-ICE). The system
receives inputs from the landing gear position and the engine-inlet anti-ice system.

The total air temperature (TAT) probe anti-ice System is electrically
powered and controlled by the left air data switch. The system receives input from
the landing gear position and waming system.

The air intake anti-ice systems on the left and right engines utilize a
combination of hot engine oil and bieed air from the engine. The left engine system
and right engine system are controlledby separate switches.

The three pitot tubes and two static ports are provided anti-ice
protection by electrical power controlled by the left and right air data switches.

The main windshield anti-ice system is electrically powered by
separate inverters and controlled by separate switches for the left and right
windshields. The liquid accumulation is removed from. the windshields using left
and right windshield wipers. Contamination is removed by washing fluid pumped
through spray bars mounted on the wiper arzs.

The propellers are provided anti-ice protection by electrical power
controlled by switches ziid a timer. The timer mon**~rs and cycles the electrical
current to specific areas of the propeller anti-ice bocs.

The airplane is equipped with an «ce detection system. The system
gives a visual and audible waming of icing conditions. The system operates
continuousty and includes a vibrating rod which is exposed to the airflow. As ice

activatesvisual and aural alarms in the cockpit.

The airplane ice protection systems were extensively damaged. The
wing deicing timer was found crushed and severely bumed in the debris. No
information could be obtained from the iimer. The pneumatic deicing, and electricai
and bleed air anti-icing systems were examined €or failures. malfunctions or
evidence of preimpact anomalies. The airplane’s ice control switches could not be
found. Mo pneumatic distribution valves were found. The left stabilizer pneumatic
deice boot was attached but was extensively heat damaged with jarge areas melted.
Most of the right stabilizer pneumatic deice boor was consumed by fwe. Only
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remnants of melted rubber and small areas of boot material attached at the
peripheries of the stabilizer remained. The stabilizer surfaces, where the boot had
been attached, exhibited scorching and extreme heat discoloration of the metal, with
some melted aluminum areas. The vertical stabilizer pneumatic deice boot was
almost completely burned away with some boot material adhering to the top and
sides of the stabilizer.

The windshieid wiper controls were not found. The windshield wiper
arms were found fire damaged and separated from their mounting shafts.

The elevator horn heated mats, the ice detector probe, and one of the
pitot tubes were examined. All of these parts were extremely fire and impact
damaged. No anomalics were noted.

1.16.3.2  Stall Warning Systems

A ground test procedure was performed on a sister airplane stall
warning system that activated the left (No. 1) system. The left stall warning light
laminated on the coaming panels of both pilots, and the stick shaker activated on
the captain's control column. A similar rest was performed on the right (vo. 2) stall
warning system. When tested, the right-hand light on the coaming panels of both
pilots illuminated, and the stick shaker on the copilot’s control column activated.

When both systems were simultaneously tested, the left and right lights
on the coaming panels of both pilots illuminated, both stick shakers activated, and
the stick pusher was enabled. The control column moved forward in response to the
stick pusher. A 65-pound force was required on the control column to override the
stick pusher.

The autopilot was engaged in both the basic mode and in the coupled
mode. During either stall warning test, the autopilot became disconnected when the
stick shaker activated. Indications included an aural tone and the red AP DISC
warning light.

During the air mode of operation, the ground test features were
disabled and the stali warning identification functions were enabled, according to
the Jetstream 4100 Manutacturer's Operating Manual, Volume 4. The ice mode of
the AOA system could only be enabled in the air when either the left or right
engine/elevaior anti-ice system was activated and the airplane had exceeded
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145hots. When the two conditions were met, a green "ICING AOA" light
illuminated on the center instrument panel. When the indicator light was
illuminated, the system was in the ice mode, and the AOA at which stick shaker and
stick pusher occurred were reduced. To compensate for the reduced AQA inputs,
additional speed was added to the approach reference speeds for 15-degree and
25-degree flap landing reference speeds: 12 knots was added for the icing AOA
15-degree flap speeds, and 7 knots was added for the 25-degree fiap Eierence
speeds, according to the ACA V-speed reference cards. The ice mode was disabled
if the engine/elevator anti-ice switches were tumed off and the STALL ICE MODE
PUSH TO CANCEL was depressed.

The examination of the burned wreckage failed tu disclose the
condition and/or operation of the stall warning system at the time of the acciden?.

1.16.3.3  Ground Proximity Warning System (GPWS)

The airplane was equipped with a GPWS that used the MK-V1 Ground
Proximity Warning Computer (GPWC) to provige alerts and warnings for
inadvertent flight into terrain. On Jeistream 4181 airplanes, the stick shaker inhibits
the aural warning given by the GPWS, alihough the GPWS alert lamps are not
inhibited and will itluminate.

At radio altitndes between 150 and 925 feet, a GPWS "glideslope™
callout will be heard when the airplane is o:n an ILS approach and descends
approximately 1.3 dots below the glideslope. At 232050.2, linearly interpolated
FDR data show that the radio altitude on the accident flight was approximately
339 fezt as the ILS gilidesiope deviation reached approximately 1.3 dots low.
However, the stick shaker started less than 1 second later, which would inhibit all
GPWS callouts. The glideslope callout was not heard on the CVR.

A "pull up" callout is generated by the GPWS to wam pilots of high
descent rates near terrain. FDR data from the accident flight show a radio altitude
df approximately 208 feet and a barometric descent rare of approximately 2,500 feet
per minute when the sound of stick shaker ceased for approximately 0.6 second,
from 2320:53.7 until 2320:54.3. During this period, a "'pull" callout from the GPWS
was heard, starting at 2320:54.0 on the CVR. According to the GPWS
manufacturer, after the warning envelope has been entered, the GPWC will
start/stop the voice callout rapidly with stick shaker deactivation/activation. There
is a 0.3-second delay for the MK-VI GPWC (as installed on the accident airplane)
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to recognize that stick shaker has deactivated, and a 0.065-second delay needed to
recognize that stick shaker has activated. The appropriate voice caliout will
start/stop immediately after stick shaker offfon recognition takes place. Further,
GPWS voice callouts always start at the beginning of the statement, but zre cut Off
whenever the stick shaker inhibit is recognized.

According to the CVR transcript, the "pull”’ callout started 0.3 seconds
after the sound of stick shaker ceased, which is consistent with the delay specified
by the GPWS manufacturer. The CVR indicated that the "pull’ callout lasted
slightly less than 0.3 second. Therefore, the "pull" callout by the GPWS is
consistentwith an abbreviated "pull up“ when the stick shaker activated for the third
time at 2320:54.3 and 109 KIAS. The sound of stick shaker continued, and no other
GPWS callouts were heard from 232054.3 until the en¢: of the CVR recording.

The GPWS on a sister airplane was ground tested. Uporn activation,
the audible glideslope warning was heard followed by the audible "puli up," and att
lights illuminated inthe GPWS panel. g

A subsequer: test was conducted to include coupling the autopilot to
an ILS frequency on the ground at the airport, activating both stali waming system
tests and subsequently activating the GPWS test. The results included the
autopilot disconnecting; both stick shakers and the stick pusher activating; and the
GPWS panel lights and stali identification lights itluminating. The audible warming
of “glideslope” and “pull up™ were silent.

117 Additional Information
1.17.1 Corporate History and Organizaticn

On December 13, 1989, ACA started as an east coast divisicn of
Westair Airlines, Inc. ACA was located at Dulles International Airport. In 1991,
the division was sold and began to operate as Atlantic Coast Airlines. The purchase
included 22 BA-3201s and 12EMB-120s. BA-3101s previously operated at Dulles
Air;ort by Westair's East Coast division were exchanged for BA-3201s. The
certification process of the new company was completed by the Washington Flight
Standards District Office (FSDO) (EA-271, and ACA was certificated oOnN
December 17, 1991, as a 14 CFR Part 135 air carrier. On January 1, 1992,
operations began as United Express and served 35 cities.
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‘The new President of ACA was the former President of the east coast
division of Westair Airlines, Inc. The positions of Senior Vice President of
Operations and Maintenance and the Director of Technical Services were added.
The Director of Operations was a former Vice President and Director of Operations
for Precision Airlines, Inc. He also served as the Assistant Director of Operations
and Regional Flight Manager (IAD) for Vestair Airlines, Inc., pricr 10 the
incorporation of ACA. The Chief Pilot of ACA was a formgr pilot and Regional
Right Manager for Westair Airlines, Inc.

In October 1992, ACA began preparation to qualify for a 14 CFR
Part 121 certificate to become effective April 1, 1993. The acquisition of 12
DeHavilland DHC-8 airplanes from Air Wisconsin required a Part 121 operation.
The company submitted its request for certification under Part 121 to the
Washington FSDO in January 1993. The certification to operate as a combined
Part 121/135 air came- was approved on April 1, 1993. The airline operated the
GHC-8 airplanes to destinations previously served by £ir Wisconsin and to
destinations on the east coast.

During 1992, routes were extended into New England and Canada.
Service into Toronto was subsequently terminated by the company. In 1993, ACA
expanded as a United Express carrier into Florida and operated Six BA-3201 aircraft
in that market. A pilot domicile was established at Orlando (MCO), Florida.

In January 1993, ACA notified the Washington FSDO of its intention
to place BA-4101 (7-4101) airplanes on its certificate. A training department was
established specific to the BA-4101, and a Supervisor of Tram®yg position was
established for the BA-4101. Tramwyg materials were provided by British
Aerospace, Ltd., (BAe). The first aircraft arrived N May 1993, and deliveries
occurred at approximately 1 per month. A total of eight airplanes, including the
accident airpiane, were delivered. At that time, the fleet consisted of 13 EMB-120s,
12DHC-8s, 8 BA-4101s, and 29 BA-3201s.

The company owned one EMB-120 airplane; all other aircraft were
lcased. At the time of the zccident, the compmy employed 312 captains, 265 first
officers, 153 flight attendants, 126 licensed mechanics, znd © maintenance
Inspectors.
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The bases of operation were TAD and MCO. A Regional Flight
Manager supervised the MCO base and reported to ihe Chief Pilot. All aircras
types were operated out of LAD, and six BA-3201s were operated out of MCO.

The company had maintenance tases in Melbourne (MLB), Florida, for
BA-3201's, Lynchburg (LYH), Virginia, for all Jetstream equipment, and Nesvbu.gh
(SWEF), New York for DHC-8s and EMB-120s. SWF also served as a repair
facility. Line maintenance was performed for all aircraft at IAD. The route
structure was primarily east coast, north to south, serving aboug 50 cities.

According to the Director of Operations, the ccmpany had a Supervisor
of Training for each type of airplane. Each Supervisor of Training had a flight
standards instructor for the particular type of equipment. The Director of
Operations served as the Director of Safety for both air and ground operations. All
safety issues were brought befere the Flight Standards Advisory Board, which met
quarterly. The Flight Standards Advisory Board consisted of the Director of
Operations. Chief Pilct, Supervisor of Training, Flight Standards Instructors, and
company check airmen. Irregularity reports and a safety suggestion box were the
means by which safety-related issues could be communicated. At the time of the
accidesit, there were no pilot reports regarding safety issues on the BA-4101,

ACA system control was a 24-hour operation. System control
providad a dual function: Flight dispatch for the Part 121 operations; and flight
following for the Rart 135 operations. According to the ACA Flight Operations
Manual, Chapter VI, page 1, system contro! (flight dispatch) was operational
whenever an ACA revenue fight was airborne and maintainied by at least one
licensed dispatcher. Crew pairings were monitored by a computer system used by
crew scheduling. Inexperienced crews, each with fewer then 100 hours (not
including 10OE) were considered "green on green." According to the manager of
system control, these pairings were sent to the Director of Operations or the Chief
Pilot for approval or disapproval. He indicated that there had been no pilot
complaints of "gren™" crew pairings. Since the accident crew was not flying unde;
the "'greenon green" constraints, there was not a requirement for specific approval.

The Air Line Pilots Association (ALPA) represented the pilots of
ACA. The company and the association had a Basic Employment Agreement, dated
October 24, 1390. On October 15, 1992, the contract was amended by Letter of
Agreement with regard to Sections 3, 4, 7, 8, 9, 10, 13, and 27. According to
section 13, the bidding and the filling of vacancies was based on the Pilots System
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Seniority List subject to the basic agreement and the amendments. According to the
contract, cace a pilot was trained, he or she incurred a revenue service period (a
specific amount of time the crewmember must fly in that position for passenger
service). This period was based cn seat position and airplane type. As a result,
more senior pilots were “locked " into the captain and first officer seat positions on
the. 3-3201 and this provided the upportunity €or mare “junior” pilots to fill the
captain and first officer seats on the J-4101. Such was the case for the accident
crew.

1.17.2 EA-4180 Training
1.17.2.3  Ground Training

ACA Jetstream BA-4100 training was conducted under contract with
Reflectone Traiting Center (RTC), Sterling, Virginia. The training division was
formerly a division of BAe and was sold to RTC as part of a corporate restructuring.
RTC was still affiliated with BAe and provided all Jetstream trainirig.  This training
included ground school, simulator, and flight training for the BA-3201 and ground
school and flight training for the BA-4101. ACA used the center for both the
BA-4101 and BA-3201 training. New hire pilots for ACA contract with RTC for
their training and pay the costs associated with the training directly to RTC.

According to RTC instructors, ACA conducted new hire, basic
indoctrination and Rart 135 indoctrination. RTC conducted all aircraft ground and
flight training N a modular form. initial ground training phases consisted of
64 hours. Forty-eight hours were aircraft ground training (Phase 1)and consisted of
airplane systems training. The information was taught from the Jetstream 4130
Manufacturer’s Operating Manuals {MOM) 1, 2, and 4. Aircraft grourd training
(Phase 2), was also conducted by RTC. General operational subjects were covered
in Phase 2 from the MOMs, ACA Flight Qperations arnd Flight Standards Manual,
and iasted 8 hours. Aircraft ground training (Phase 3) consisted of four cockpit
procedure training (CPT) sessions, each lasting 2 houss. The mockups consisted of
paper/photographs of the BA-4101 cockpit. The trainers were used for cockpit
orientation, profiles, flow patterns and checklist practice.

The captain and first officer of flight 6291 attended a 1-hour class
during J-4101 ground .raining that addressed previous accidents/incidents, human
factors/considerations, and the National Aeronautics and Safety Administration
(NASA) aviation safety reporting system. All human factors topics, including crew
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resource management (CRM), were taught within this 1-hour class at the time the
captain and first officer underwent training. The captain had previously experienced
Line Oriented Flight Training (LOFT) during his J-3201 simulator training.

In February 1994, ACA began presenting a 1-day CRM training course
to its line pilots. The development of this course began prior to the accident. In
December €993, the first officer participated for 1 day in a test class during the
development of the training course.

The syllabus RTC used was the BAe BA-4100 Training Manual,
Chapter 4. The manual was used as a guide for ground, fight and CPT training at
the center and in all phases of training: initial, transition ang recurrent.

Additional training conducted by RTC included 2 hours of airplane
emergency training for the pilots. Four hours of gereral emergency training was
accomplished by ACA. The training consisted of the interaction between pilots and
flight attendants while in simulated emergency situations.

1.17.22  Flight Training

ACA was the launch customer, and, at the time of the accident, it was
the only operator of the 3-4101 In the United States. The airplane was newly
manufactured, and a simulator has not been approved for pilot training purposes.
The first simulator is scheduled for delivery to RTC inDecentver 1994.

All traininz operations were conducted in the airplane fc . PICs and
SICs. The flight training consisted of 10hours and a check ride for the .%Cs, and
12hours and a check ride for the SICs. The additional 2 hours of training yor the
SICs provided additional training for nonflying pilot duties. Al flight instruction
was administered by RTC instructors for ACA. Initial type rating checkrides were
administered by the FAA to the PICs, whereas RTC and ACA administersd the
checkrides for the SICs. At the time of the accident, there were only two gualified
FAA J-4101 check pilots in the United States. One was vi-2d IN the Washington
FSDO at IAD, and the other was based I Seattle, Washington. Upon successiu}
completion of flight training, the pilots' training records were returned to ACA, and
the pilots were.give? IOE by the airline.

According to the ACA Training Manual, SICs must receive 5 hours of
IOE In a pilot seat under the supervision of a designated IOE check airman. The
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PICs must reseive 20 hours, which can be reduced to 11 hours and 10 landings, in
accordance with FAR 135.244. IOE training is nct conducted in the cockpit jump
seal.

Figure 7 contains a graphic depiction of a J-4101 in landing
configuration encountering a stail condition. It contains the procedure used to
recover from such a situation,

i.17.3 Altitude and Airspeed Awareness

ACA’'s Flight Operations Manual defined altitude awareness
procedures, in part, as "maintaining an altitude that provides proper clearance from
terrain and obstacles.” During the investigation, the company-provided Flight
Operations Manual did not contain any description of altitede callouts, airspeed
awareness, or a definition of "stabilized approach” criteria. According to company
personnel, a program o revise and standardize the manuals had been undertaken
prior to the accident. A section on altitude caliouts had been removed from the
- nual as a result of a revision dated September 14, 1993, and was inteaded to be
piaced in the airplane-specific Flight Standards Manuai. That action was not
completed at the time of the accident.

A review of the manual prior to the change and removal of the section
on altitude callouts revealed the following:

Altitude Callouts

1. The pilot not flving would cail out [approaching] 1600" and
500" to any assigned altitude as a reminder to the pilot flying.

The pilot not flying wouid cail ocut any deviation of 100" from
any assigned altitude.

=

3. Altitude calls during instrument appruaches will be specified
in the a2ppropriate Flight Standards Manual.

An inspection of the night Standards Manual revealed no altitude
cailout information.



Atlantic Coast Airlines J41 PROFILES 34-1-18

1 RAINING MANUAL REVISION # 6
Date: March 75.7893

Approach to Stall - Landing Configuration

Apply max power,

PF - "MANEUVERING CHECK™  Mazintain altitude. : adust pitch attiude 140 KIAS
Ta 20% Bo rot trim beiow : as required. PF - "CRUISE POWER"
1 20 KIAS. : PF - "MAX POWER, FLAPS 9" 15 50%
\ : PNF - "POSITIVE RATE"
mo N : PF - G_A Up~ I
e~
PF-"FLAPS 8, : 130 KIAS
GEAR DOWN, PF.-FLAPS UP,
FLAPS 15, Recover (@ first indicaton of stait: CLiMB POWER"
FLAPS 257 stall hom, figit, loss of controf effeciiveness.

ABANDON MANEUVER IF:
® no ham/ light 5 kis below caiculated
warning speed &/ or,
* no pusher 2 k15 below calculated speed 8/or
° no pusher 2 kis below ilfumination
bf STALL fight

Figure 7.- J-4101 approach to stall -- landing configuration



Airspeed Call Outs

No infermation was incorporated into the ACA Flight Operations
Manual or the ACA Flight Standards Mamnual that referred to airspeed callouts by
pilots.

Subsequent to the accident, an ACA Operations Balletin, dated
Jane 13, 1994, was issued that defined stabilized approach criteria, required altitude
cailouts, and aliitude/airspeed deviations.

Figure 8 contains a graphic depiction of a normal, two-engine ILS
approach procedure for the J-4101. It contains specific criteria for airspesds,
configuration, and power settings for each phase of the approach.

1.17.4 FAA Surveiilance

The FSDO at JAD (EA-FSDO-27) was the office responsible for ACA
operations ang cerfificate management. A principal operations inspector {(PQOI),
assistant PO, and principal maintenance inspector (PMI) were assigned full time (o
the carrier. The POI described the relationship with the carrier as very cooperative.

ACA had not received a National Aviation Safety Inspection Prograrn (NASIP) or
Regional Aviation Safefy Imspection Program (RASIP) inspection by the FAA
before the accident. The POI stated that the carrier had undergone a series of major
inspecticns that included initial certification from September 5, 1951, to December
17, 1991, a FAR Part 121 certification, accomplished in January 1393, because of
the acquisition of the DHC-R airplanes, and the certification from January 26, 1993,
to June 1, 1993, for the Jetstream BA-4100 to be added to the carrier certificate.

A main base inspection took place from Jamuary 29 to February 3,
1993. All deficiencies were corrected at that time, and no letters of corrective
action were sent to the company. Similariy, a main base inspection was
accomplished on August 3 and 4,1993, with, simiilar conclusions and outcomes.

Subsequent o the accident, on March 18, 1994, a RASIP was
cenducted. 'the results of that report, as stated in the report’s executive summary,
are as follows:

No direct violations of Federal Aviation Regulations were
discovered during this inspection.
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Atiantic Coast Airlines 341 PROFILES 3617

TRAINING AMANUAL REVISION # 8
Date: March 15, 1883

Single / All Engines Operative ILS Approach

Approach Check complete,
Tq 30%, 180 KIAS, (2 &ngines)
Tq 558%, 180 KIAS, (1 Engine)

160 KIAS

FAF/FAP INBOUND, ESTABLISHED ON
GLIDESLOPE:

BE - "FLAPS 257

Minimum Speed 130 KIAS

Tq 30% {2 Engire), Tg 55% {1 Engine)

s

i
First indication of G/S
PF-"FLAPS 9
sinimum Speed 140 KIAS

Appeopriate Vref a3 50°

Half dot abeve Glide Siope %
interscept:
PF - "GEAF DOWN,

FLAPS 18,

LANDING CHECK"

{iF APPROACH NOT STABILIZED BY 1000° HAA IMC OR 500" HAA VMC - GO AROUND)

On a precision approach, the inftial procedure should be flown at 160 KIAS, no flaps. When established
inbound and within 3 N of the FAF (DME available) or when first indication of glide slope movement is
called {DME not availgble), fiaps are Kwer 10 8 degrees. Yhen the glide slope is intercepteg, selecy
landing geardown, flaps 15 degrees. FAF inbound established onthe glida siope select flzps 25 degrees,
call for Landing checklist. At DA, reduce speed io obtain the approgriate Vref at 50 feet.

Fat B s 4
1

Figure 8.--J-4101 ILS approach procedure.
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ATLANTIC COAST AIRLINES, INC. was found to have deviated
from its approved or accepted procedures in the areas of required
maintenance signoffs on aonroutine work cards.

Potential problems with ATLANTIC COAST AIPLINES, INC.’s
systems for assuring compliance with FAR requirements were
identified in the procedures for records keeping. and Major Repair
and Alteration Conformity.

Compliance issues raised during inspection were discussed with
company personnel and the principal inspectors. Those issues that
could not be satisfactorily resolved, became findings in the body of
the report. In the case of findings where enforcement action is
anticipated, physical evidence and supporting documentation has
been provided to the Certificate Holding District Office.

No findings pertained to operations training, crew qualifications, flight
control, flight operations, and operations records.

An il Department of Defense (DOD) survey far ACA to enter into
the DOD Air Transportation Program was conducted between July 6 and 9, 1943.
ACA failed the survey primarily because of maintenance issues. The airline had
expanded from 30 to 59 airplanes, and there was little or no increase in maintenance
supervisors for the increased number of flights. The airline was recvaluated on a
follow-up survey conducted between October 12 and 15, 1993, and all areas were
reported as average to above average.

Adr Carrier Operations Bulletin (ACOB) 8-93-4 was issued by +&eFAA
on October 19, 1993, regarding "Flight into Potential Icing Conditions and the
Avoidance, Recognition, and Response to Tailplane Ice." The ACOB incorporated
several Safety Board safety recomimendations. (See appendix C). The POI for
ACA stated that he had received the ACOB and that he had a copy of it on file. He
said that he believed the ACOB pertained to J-3100 airplanes and tha: he did not
issue the bulletin to the carrier since ACA did not operate this type of airplane.
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As the result of this investigation and the mnvestigation of an accident

involving Express If Airlincs,12 on March 17, 1994, the Safety Board issued three
safety recornmendations that urged the FAA to:

A-94-70

Conduct an in-depth review of its policies and procedures for the
processing of ACORBs, and develop a System to ensure that the
safety information contained therein is acted on in a timely and
accurate manner. The system shouid include a process to verify
that the actions contemplated by the ACOR are effectively
implemented.

A-94-71

Issue immediate guidance to all PCIs to verify that the intended
s«.ety-related actions contained in ACOB 8-93-4 have been
accomplished for air carriers under their jurisdiction.

A-94-72

Take the appropriate actions to verify that ACOBs issued in the
past few yezrs have been implemented as intended.

In general, the recommendations were issued as the result of findings
during this investigation and the Hibbing investigation that revealed that PGI actions
specified In ACOB 8-93-4 had not been taken.

On May 25, 1594, the FAA responded to the Safety Board concemning
Safety Recommendations A-94-70 through -72. The response o A-94-70 indicated
that the FAA will issue a handbook bulletin to establish a process by which all flight
standards field offices will accomplish and document surveiliance, inspection, or
certificate management actions required by ACQEs, flight standards imformation
bulletins, and handbook bulietins. The response 10 A-94-71 stated that the FAA will
issue a notice directing its POIs to verify that the actions contained in ACOB 8934
have been accomplished for tne air carriers under thejr jurisdiction. The response o

125ee Aircraft Accident Report--"Express I Airlines, inc./MNorthwest Airfink Flight 5719,
Jetstreara BA-3100, N334PX, Hibbing, Minnesota, December 1, 1993" (NTSB/AAR-94/05)
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A-94-72 stated that the FAA will issue a notice directing its FSDO managers to
verify that the actions contained in all ACOBs issued since January 1, 1992, have
been accomplished. Inits reply to the FAA in a letter dated August 3, 1994, the
Safety Board classified these three recommendations *“Open--Acceptable
Response.*

See appendix C for correspondence concerning these safety
recommendations.
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2. ANALYSIS
2.1 General

The flightcrew was properly certified and qualified in accordance with
applicable Federal Aviation Regulations and company requirements to conduct the
flight,

The airplane was properly certified and had been mainiined i
accordance with company and FAA requirements. There was no evidence of
preexisting discrepancies or preimpact mechanical failures of the structure, systems,
flight controls, or engines that contributed to the accident.

The forecast weather conditions provided to the flightcrew before
departure and during the flight were correct. The conditions called for IMC at the
time of the flight's arrival at CMH. About 6 minute.. prior to the accident, CMH
approach control advised the flight about revised ATIS information "Brave." The
ceiling (8C0 feet) and visibility (2 1/2 miles) in light snow and fog contained in
Bravo was reduced from the ceiling (1,100 feet) and visibility {6 miles) contained m
ATIS information "Aipha."

Before departing IAD, the flightcrew was given a PEEP indicating
moderate rime icing at 4,000 feet from CVG tc CMH. The CVR transcript
indicates that the flightcrew also received an icing report about 2300, approximately
21 minutes before the accident, from an airplane 25 to 30 miles ahead of them. The
flightcrew of that airplane. indicated that they were experiencing moderate rime ice
up to 14,G00 feet and were in the clear at 15,000 feet. About 2 minutes later, the
flightcrew of flight 291 requested and received 15,000 feet as a cruise altitude.

Although air traffic control services at CMH failed to pass along a
PIREP of icing made by another aircraft that landed at CMH, that breakdown in air
traffic procedures was not a factor in the accident. Consequently, air traffic services
provided te the flight, although not complete, did not contribute to the cause of the
accident.

Conversations on the CVR indicate that the tlightcrew was aware that
they were accumulating ice during their descent for the approach and that they used
the deice system to clear ice from the wings about 7 minuigs prior to impact. They
discussed the accumuiation of a small amount of nme ice on the wings before using
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the "boots" to dear it off. About 35 seconds after boot activation the first officer
stated "...little rime it never took nothing off this side here," to which the captain
agreed. The captain appropriately elected to conduct a “flaps 25 ice AGA on"
approach and Sanding. The flightcrew should not have experienced any significant
difficulties with the weather conditions during the approach and landing at CMH.

The evidence indicates that the captain of flight 291 foliowed company
procedures until the point at which he initiated the IS approach to runway 28L at
CMH. However, he did not slow the airplane in sufficient time to be able to
configure the airplane in a timely manner. After reducing power to fight idle to
slow to approach speed, the pilots failed to monitor airspeed, and the captain failed
to add power as the airspeed approached 130 knots. The airspeed decreased
through the minimum of 130 knots for the approach until the stick shaker activated
because the airplane was approaching stall sped. The captain failed to execute a
proper stall recovery, and the airplane descended into the ground. Consequently,
the investigation focused on why the flightcrew failed to monitor the airspeed and
why the stall recovery procedure was not successful. Flightcrew training and
experience, company procedures, and FAA oversight of the operator were also
examined.

2.2 Flightcrew and Aircraft Performance

Although the ACA manuals did ne¢t contain a definition of a stabilized
approach, the ACA MiNiNg manual did depict an approved ILS approach procedure
for the J-4101. The procedure depicts the airplane with engine torque at 30 percent
and airspeed at 180knots before reaching the miti approach fix JAF) and after the
approach checklist is complete. It suggests a speed of 160 knots during the initial
procedure with no flaps. The procedure calls for the flaps to be extended to
9 degrees when the airplane is established inbound on the localizer and within
3miles of the final approach fix (FAF) [distance measuring equipment (DME)
available], or when tte first indication of glideslope movement is calied (DME not
available). The procedure depicts the airplane as configured with the landing gear
down and flaps Set 10 1§ dagfees Lufinv the final approach fX/point rAR/EAP) 13
At the FAF/FAP, the flaps should be lowered to 25 degrees with & minimum speed
of 130knots and engine torque at 30 percent. The procedure states that, at decision

3 he procedure states that the flying pilot (captain in this case) should call for “gear down, flaps
15, landing check,” just prior to crossing the FAF.



52

altitude {DA), reduce sped to obtain the appropriate Vs at 50 feet above the
runway.

The accident flighi attained neither the configuration nor the other
guidelines specified in the chart. About 10miles from the airport, the airplane was
at a speed of 248 knots when the approach controller advised the flightcrew 1 stow
to 170 knots. At this point, the captain reduced the power to flight idie and began to
slow the airplane. The airplane crossed SUMIE, the compass locator at the outer
marker (LOM) and FAF, at 178 knots with the airplane in a clean (flaps retracted
and gear up) configuration. The high speed preventea the crew {¥oiin iowering the
flaps to 9 degrees upon intercepting the glideslope and lowering the iarding gear at
the LOM. This was contrary to ACA procedures and constituted an unstabilized
approach.

In addition, the power was reduced to flight idle in a belated attempt to
lower the airspeed while descendizig On the glideslope. The low power seiting
resulted in a rapid deceleration, and without adequate monitoring by the crew, the
airspeed decreased beiow the 130 knots minimum required speed and below the
112knots reference speed. Those speeds were based on the assumption that the
flaps would have been lowered to 25 degrees, rather than the 15 degrees of flaps
that was actually achieved.

The autopilot was coupled for the approach, and the FDR data show
proper localizer and glideslope tracking. However, the airplane was not eqaipped
with an autothrottle system. Therefore, the pilot had to monitor airspeed and set
power accordingly to maintain the proper airspeeds during the approach. The stick
shaker and stick pusher act as backup safety systems for pilots if they fail to
properly monitor airspeed.

The Safety Board believes that the captain <was aware of his airspeed,
initially, because his call for "flaps 9 degrees™ was commer:surate with the maximum
airspeed of 170knots. Similarly, the landing gear was placed down, and the call for
“flaps 15, landing checks" was accomplished at appropriate airspeeds. However,
these cails and actions occurred 2 miles-or 40 seconds after crossing the LOM.

ACA. does not have an approved high speed ILS/VFR approach for the
1-4101. However, the training manual does contain a high speed ILS/VFR approach
published for the J-3201. It states that the airplane should be slowed to 160 knots
approximately 3 nautical miles from the point where the descent is initiated, as
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opposed to 130 knots for the standard ILS approach. The CVR recorded the
captain staiing, "..keep her as dry as long as possible. WE'll just..bring her down
real quick." The Safety Board believes that the captain probably wanted the
airplane to pass through the icing conditions rapidly, with the airplane in a clean

nfiguration. The clean configuration would allow minimum ice accretion while
passing through the icing layers. The captzin's flying experience during the
preceding year was on the J-3201 as a first officer. As such, the Safety Board
kelieves that the captain would have been familiar with high speed approaches to
the FAF. Although it was not an approved procedure on the J-4101, it is possible
that the captain reverted to a modified J-3201 procedure to penetrate the icing
layers. The investigation determined that ¥-4101 pilots do fly high speed
approaches for air traffic control considerations. However, this procedure is neither
published nor approved.

The ILS profile depicted in the flight manual alsc cemntained a caution
that, "if approach not stabilized by 1000' HAA [height above airport] IMC or 500'
HAA VMC--Go around." Other then being established on the localizer and
glideslope, none of the depicted stabilized apyroach criteria regarding airspeed and
configuration were met when the airplane passed through 1,000 feet HAA in IMC.
The captain did not begin to configure the airplane for landing until 48 seconds after
crossing the ST** ™= outer marker. At that time, the position of the airplane was
about 3 miles fran the approach end of runway 28L. The final landing checklist
was not completed until the airplane was atout 600 feet HAA, and the airplane was
not configured for landing until that time,

The autopilot repeatedly trimmed the airplane nose up to stay on the
ILS glideslope, which, in conjuniction with the low thrust, caused the airspeed to
decay well below the minimum approach speed of 130 knots. The CVR indicates
that less than 4 seconds after the captain stated, "and autopilot to go ...don't touch,"”
the sound of the stick shaker began, followed by the tone for the autopilot
gisconnect. The airplane decelerated to 104 knots, which was 26 hots below the
minimum approach airspeed specified by airline procedures, at which point the stick
shaker activated for 3.1 seconds. Immediately after the stick shaker warning, the
autopilot disconnected, and the airplane started to pitch down at approximately
3 degrees per second. Warning tones (presumably from the autcopilot disconnect)
started about 0.6 of a second after stick shaker. There was no dialogue heard on the
CVR until the stick shaker deactivated.
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The evidence suggests that ihe captain was distracted by these events
and that he attempted to determine what the first eificer had done to cause the stick
shaker to activate and/or the autopilot to disconnect. During that short intervai,
when the captain Was trying to determine what had happened, the stick shaker wes
silent. There was Nno indication on the CVR or FDR data that the captain was aware
of the extremely low airspeed and impending stall because he did not begin the
proper stall recovery procedure. The captain asked the first officer, "what did you
da?" The first officerrespended, "4didn't do nothing." Commensurate with the first
actuation of the stick pusber, the power was partially applied to the engines.

FDR data indicate that the captain appiied Nnose-up elevaior wiussue
adding power. The airplane pitched up in response to the nose-up elevator
command, but the airspeed was tco low o arrest the descent rate, and ine AOA
increased to the point that the stick pusher activated. The stick pusher quickly
moved the elevate: nose down, which caused the airplane to pitch down, preventing
a stall. However, FDR data. indicate that the captain fought the stick pusher with
large aft (nose-up elevator) control columz inputs.

Engine power did not rise above idle until 5 seconds after stick shaker
activation and .6 seconds after the stick posher activated. It fien increased only
about one-half as fast as would be expected from a full throttle argpiication. The
engine torque reached 50 percent 10 seconds after the f i t stick shaker activation.
The captain then made a very serious error calling for the flaps to be raised to zero
degrees. The stall speed for zero flaps is abeut 11 hots above the Caps 15 degrees
stall speed. Thus, the captain's action of raising the fiaps and the failure to apply
maximum power placed the sirplane within the aerodynamic stall region.

The initial response of the J-4101 flying pilot for missed approaches,
go arounds, and all approaches to stall in cruise, takeoff, or landing configuration is
maximum power, flaps 9 degrees. In contrast to the approved procedure, about
1 second after stick pusher activation, the captain called for "flaps up." There was
no further dialogue heard on the CVR until about 1/2 second after the stick pusher
deactivated, when the captain stated "'no no hold it," possibly in reference to the
previous flaps-up command. About 1 second after the stick pusher activated for the
second time, the captain again stated “gimme flaps up."

The investigation revealed no procedure in either the J-3201 or the
¥-4101 in which stall recoveries or go-around procedures would require a flaps-up
response. [If the captain had reverted to previous J-3201 training for stall recovery
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and misstated the command, the response would have been flaps 10 degrees (flaps
9 degrees for the J-4101). Similarly, a flap setting of 10 degrees would have been
required for go-around procedures on the J-3201. ‘The delayed and insufficient
power application revealed by the FDR is inconsistent with the stall recovery
procedure.

The Safety Board corsidered the "flaps up" call by the captain in
connection with tailplane stall from icing. The vast majority of the captain's airline
experience was in the Jetstream 3101/3201 that previously had been involved in
tailplane stail accidents. Those accidents and their circumstances should have been
widely known by the pilots of these airplanes. The captain was obviously confused
by the stick shaker and autopilot warmings. It iS also possible that the captain
believed the airplane was experiencing a tail stall. Such confusion and pcssible
misidentification of the problem could have prevented the captain fron
accomplishingthe proper stall recovery procedure.

However, the Safety Board discounted tailplane stall due to ice
accretion, and the captain's actions as being related to an attempt to recover fraon
tailplane stall, for several reasons. The J-4101 horizontal stabilizer is designed with
negative camber on the upper surface to reduce the effects of ice accretion. In
addition, the boots have been extended farther back on the horizontal stabilizer to
ensure that any potential runback of ice can adequately be removed. Further,
tailplane stall occurs as a result of a high speed with flaps extended rather tkan at
the lower speed at which the stick shaker actuates. Additionally, the proper
procedure to recover from tailplane stall nthe J-3100 and J-3200 was to add power
and retract the flaps to the mid-range position. If the captainhad perceived, in error,
a tailplane stall condition due to icing, the reduction of the flap setting to a lower
angle would have beer, appropriate. However, the proper flap callout should have
been "flaps 9 degrees,"” rather then the call €or “flaps up.” Fiily, the airplane’s
pitch attitude time history obtained from FDR data was inconsistent with a tailplane
stall caused by ice. Consequently, the Safety Board concludes that the captain's
actions were not in response to recovering from a perceived tailplane stall. The
Safety Board was unable to determine why the captain called for flaps up.

The Safety Board believes that the first officer was confronted with an
increased workload for several reasons: the delay by the captain to configure the
airplane for landing; tasks associated with checklist completion; and interaction With
the captain. These activities sufficiently distracted the inexperienced first officer
and prevented him from maintaining awareness of the deteriorating pregress of the
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ﬂiaht; The Safety Board believes' that the first officer raised the flaps as-a direct

- response to-the capiain's command thhout consxdenng the appropnateness of such
- an actlcm S

FDR data show that !he vemcal acceleratlon decreased sharply as the -

stick pusher activated for the second time. Engine power and airspeed persisted at

— ey

| low levels, but eventually began to increase. However, the stall speed was also
increasing as the wing flaps approached zero deflection, and the captain continued. -
i0 apply large nose-up elevator inputs that caused wing ACA to remain above the =

stick pusher activation angle. The captain failed to apply full power and maintain

the nose-down pitch attitude that was necessaiy to allow the airplane to accelerate. . -
The descent rate could have been arrested without difficulty it additional airspeed
~ had been obtained. The failure of the captain to accomplish the stall recovery

‘procedure caused the high descent rates, about 2,400 feet per mmut\,, that cannnuedl :

until impact.

The certification stall speed data contained In an a.rp}anc ﬁight marual '
(AFM) assumes a slow deceleration to the stall and an uncontaminated wing. On

the accident airplane, the stall warning system (stick shaker) activated at the proper

wing AOA, but at a speed that was about 7 knots higher (104.5 knots} than the stall

speed obtained from the AFM (97.5 knots) for the existing conditions. The

comparison of flight test data to accident data showed that the accident zmplanes
performance was consistent with reduced aerodynamic lift of the wing due to ice

accretion and to deceleration greater than that used to determine the certification -
stall speeds. The Safety Board believes that the stail wammg system operated :

correctly and gave an appropriate wammg of impending stall.

A pilot would not be expected to know stall speeds for different "

| weights and AOA ice modes. Therefore, the captain was probably not aware of the

7-knot speed difference between the AFM stall data and the actual stall warning. In
anty event, at stick shaker activation, the airplane was already 26 knots below the
minimum prescribed airspeed for the approach.

With the stall identification system ice AOA on, the stall warning
system triggered at lower vane angles and correspondingly higher speeds. FDR
vane angle data indicate that the stick shaker and stick pusher both activated 3 times
during the accident sequence. In each case, the evidence shows that the system
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operated correctly, as designed. The following is from Jetstream's flight test
report:14

The stall identification system is designed to provide warning of
approach to the stall and stall identification through stick shake and
stick push at pre-determined stall vane trigger angles. For an
aircraft with reduced lift curve slope such as that of the accident
aircraft, these pre-determined trigger angles would result in lower

CL’s [lift coefficients] and therefore higher stick shake and push
speeds. This would ensure that the pilot is warned and the stall is
identified and the required margins between the warning and the

PR R YL L Y

The Safety Board concurs with the conclusion reached in the flight test
report, which suminzrizes the role of the stall protection systemin this accident:

The stall protection system operated correctly and gave an earlier
(higher speed) warning of the impending stall throug: the operation
of the stick shaker appropriate to the loss of lift. The eariics
waming was correct and appropriate to an aircraft with an amount
of accreted ice.

Flight tests showed that recovery was not difficult if power was added
promptly after stick shaker activation. The stall warning system provided a timely
waming to the flightcrew that the airplane was about to stall. In this case, the stick
shaker activated 4.8 seconds before the stick pusher. This lead time was sufficient
to permit pilot intervention to prevent the <"1l when the stick pusher activated for
the first time.

Prompt application of power and a small aircraft-nose-down elevator
deflection would have resulted in a timely recovery from the low speed situation,
wiiiout activation of the stick pusher. However, no action was taken by the captain,
and FDR data show that the accident airplane was only about 300 feet above the
ground when the stick pusher activated. A. successful recovery after stick pusher
activation at night and so close to the ground would have been difficult, although
flight testing conducted at safe altitudes show that it was not impossible. From a
human performance standpoint, it would have been very difficult to maintain a nose-

145yetstream Aircraft Limited Flight Test Report, FTR 531/1M41, May 20, 1994.



58

down pitch attitude at night when the airplane was So close to the ground. In that
regard, the captain's overriding of the stick pusher at that point, although ill-advised,
IS understandable.

The Safety Board attempted €0 determine the manner in which two air
carrier pilots committed the fundamental errors that ied to the accident. These
include the: 1) failure to monitor airspeed, 2) misinterpretation of pronounced and
unambiguous cues of an imminent stall, and 3) improper stall recovery.

The evidence suggests that each crewmember possessed nnigue
deficiencies that affected his performance during the flight. The Safety Board
believes that these deficiencies, alone or in combination, likely contributed to the
errorsnoted. These include the captain's:

0 documented history of poor execution of precision instrument
approaches,

0 inexperience In nighttime, icing and restricted visibility
conditions in the J-4100,

0 inexperience with autopilot coupled approaches, and
0 inexperience asa PIC.

The first officer, who was considered an above average pilot,
nevertheless, was:

0 inexperienced as a first officer in schedule 14 CFR Part 135
operations, and

0 inexperienced in the J-4100.

The captain was concerned before departure about the weather
conditions en route and in the vicinity of Columbus. Evidence obtained by the
Safety Board indicates that he had not flown either as PIC for ACA or as a
crewmember on the J-4100 in the unique meteorological conditions present at the
time of the accident (darkness, low ceiling and visibility, fog, freezing temperatures,
and frozen precipitation). Further, according to the CVR during the execution of the
approach, the captain manifested apprehension about the performance of the first
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officer. Perhaps it was these concerns that led to the tension illustzated by the minor
incidents recorded on the CVR, For example, at 2309:06, (e captain accused the
first officer of giving him incorrect altimeter information, At 2309:44, the captain
vacillated on whether to direct the first officer tc obtain V¢ with or without ACA
speeds for the approach. At 2312:29, the fist officer misinterpreted the purpose of
the captain’s readback of the assigned altitude. Finally, seconds before impact, the
captain’s response to the stick skaker alert was to ask the firs: officer, “What did you
do?”

Aithough it IS not unusual for pilots to become apprehensive in
challenging flight conditions, air iransport pilots are expected to execute their
wiioting skills and to display judgment independent of whatever stress or tension
they may be experiencing. By contrast, the report of the examiner Who administered
and failed the captain on his initial type rating ride on the J-4101, for inadequately
executing an ILS approach, indicates that this captain's performance deteriorated
when he became nervous. The nature of his piloting errors on the night of the
accident, especially his failure to monitor airspeed, is consistent with findings of
human factors research indicating that excessive tension can predictably degrade the
ability of human monitors to obtain and integrate information from multiple sources,
a phenomenon referred to as "attentional narrowing."}>

The Safety Board examined the display of airspeed within the
airplane’s electronic attitude director indicator, a catliode ray tube or CRT, to
determine if the m e r in which the information was presented could have
hampered the ability of either pilot to perceive and integrate the critical information.
Airspeed data on the J-4100 is presented digitally on a vertical moving display, wish
the airplane’s indicated airspeed centered within the display. As the airspeed
increases or decreases, the displayed airspeeds move up or down correspondingly..
(Seefigure 9).

This format is similar to that of electronic displays of newer generation
“glass cockpit” aircraft that have Seen introduced into service within the last 8
years. Pilot acceptance of the displays has generally been favorable, and, more
important, they have not been suggested as contributory to accidents. Moreover,
their presentation format across aircraft types has generally been consistent with
human factors principles of presenting visual information. For example, in the

15Hancock P.A., and Warm, 1.S. (1989) A dynamic model of stress and sustained attention.
Human Factors, 26,519 - 537.
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Figure 9.--Electronic attitude director indicator.
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J-4100, the moving vertical display presents trend information, and, as the airspeed
approaches the stail speed, the color of the dispiay changes to red, the common
color of waning. Therefore, because the airspsed display on the J-410G was
consistent with these principles, the Safety Board does not consider their format or
mode of presentation tc be a factor in this accident.

Nevertheless, the circumstances of this flight shocid not have been
especially anxiety provoking. Nighttime flight in icing IMT conditions, although not
routine, were not beyond the ability expected of air transport pilots. However, in
this accident, the evidence indicates that the captain's own faiiure to stabilize the
airplane on fmal approach, in accordance with ike flight profile suggested in the
ACA MOM, likely created the circumstances that exacerbated the anxiety he was
experiencing. Thus, when the airplane was established on the localker, and its
airspeed and configuration were stili not stabilized, the evidence indicates that the
captain was overwhelmed by a need to perferin certain actions simeitaneously.
These included the need to:

o slow the airplane down and establishthe proper airspeed,

0 maintain a precise flightpath in the restricted visual conditions,

o maintain a vigilance for ice accretion, and
0 closely cbserve the first officer as well as manage his acticns.

The evidence indicates that the captain was unable i perform these
actions when required. Further, his use of tke autopilot to help with one of the
required actions, maintaining a precise flightpath, suggests an unfamiliarity with its
capabilities. This suggestionis supported by the captain’s reported consistent use of
the autopilot when flying instrument approach profiles. Given the deficienciesin his
execution of instrument approaches, as documented in his check rides with ACA,
the captain appears to have demonstrated. especially when nervous, a weak
instrument scan in high performance aircraft during restricted visual conditions.

A pilot with a poor scan could rely on the autopiiot to fiy & precision
instrument approach, with the knowledge that the system should reliably and
accusately execute both the glideslope and localizer flightpaths. However, use of
the autopilot, without compensating efforts to thoroughly monitor necessary airplane
instruments, could exacerbate a possible poor instrument scan, since no effort is
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needed to relate the airplane’s flightpath to corrections to the control surfaces
necessary to maintain the proper flightpath. The evidence suggests that this
captain’s use of the autopilot exacerbated a tendency to a deficient instrument scan.
That is, his performance on the accident flight, and repcrts of his use of autopilot
during the execuiion of instrument approaches, indicated that he relied on the
autopilot to maintair. a stabilized flightpath without concomitant monitoring of the
critical airplane parameter of airspeed, a parameter not controiled by the autopilot.

It is possible that both pilots, given their relutive inexperience in the J-
4100, were not sufficiently experienced in the digital format in which airspeed was
presented to provide them with the necessary ability to anticipate critical trends in
the airspeed. Bacause both had comnsiderabiy more experience piloting aircraft with
traditional electromechanical instrumentation than with aircraft with “glass cockpit™
type digital presentation of flight information, the Safetv Board could not rule out
their relative inexpszrience with electronic flight instrumentation as a potentially
adverse influernice on their performance on the night of the accident

When the stick shaker alerted, the CVR established that neither
crewmember recognized that the airpiane Wes about to stall. They failed tc focus on
the airspeed, after the stick shaker alerted, and neither commented on nor displayed
a recognition of the airplane’s precarious airspeed situation. The captain‘s
vacillating calls for flap retraction further illustrate his unawareness of the airspeed
and the meaning of the stick shaker. Although it is difficuit i0 explain how an air
wransport pilot.could not respond appropriately to a stick shaker, it is apparent that at
that point in the flight, bath the captain and the first officer were unaware of
fundamental parameters and unable to anticipate the airplane’s flightpath. Thus,
they were “behind the airplane” and unable to plan and control the airplane’s
flightpath and to respond appropriately to the stick shaker.

In summary, the evidence suggests that the combination of
inexperienced first officer, nighttime, restricted visibility in icing conditions,
inexperience on the J-4101 and the use of its autopilot, and inexperience as a PIC,
contributed to the captain’s failure to monitor the airspeed, once the airpiane Was
established on the approach. The failure was most likely caused by attentionai
narrowing as a reaction to the stress the captain experienced while flying the
approach. As a result, when the stick shaker alerted, neither crewmember
recognized that the airpiane was about to stall, and neither appreciated the need for
the Implementation of prompt and appropriate stall recovery techniques.
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23 Pilot Training and Experience

The Safety Board reviewed the training received by both the captain
and the first officer. The ground training and flight training requirements met or
exceeded the minimum requirements as set forth in Federal Aviation Regulations.

Interviews with ACA pilots and FAA personnel revealed that RTC had
wellqualied flight and ground instructors. Since the airplane was new to the
United States, the training facility was constantly modifying and making
improvemenis to the training program. RTC had a designated POI for the facility
that provided oversight for the FAA. He had not reported any deficiencies in the
training program for the J-410 L.

At the time of the accident, there was no J-4101 simulator available for
training anywhere in the world. The first simulator is schedoled for operation in
December 1994. As such, all training, at the time of the accident, was accomplished
inthe airplane. Pilots interviewed stated that the flight training was excellent. The
company check airmen interviewed stated that the transition during IOE was easier,
since pilots had actually flown the airplane. None of the pilots interviewed
indicated that abnormal or emergency procedures that were simulated in the airpiane
resulted in a poor learning situation or lack of knowledge transfer. Nevertheless, the
Safety Board believes that the lack of a simulator, specifically designed for the J-
4101 airplane, limits a pilot’s training and subsequent ability to perform certain
procedures that can only be safely practiced in a simulator. For example, stick
shaker activation during instrument approaches would not be a safe practice during
mining flights in the actual airplane.

Autonilot-coupled approaches were listed as part of the flight mining
requirements for some of ACA's airplanes (DHC-8s and EMB-120s), and the ACA
training manual covered the J-4101 autopilot as a subject in ground training.
However, the investigation revealed that autopilot-coupled approaches were not
fisted as a specific training event in the ACA J-4101 flight training manual or on the
flight evaluation form. For standardization, a revised flight training evaluation form
was printed to include all the airplane typss ACA operated. Autopilot-coupled
approaches were an item printed on the form. The form was printed with a revision
date of July 15, 1963. Although training was accomplished by both ¢ ewmembers
after that date, an earlier form was used that did not list autopilot-coupled
approaches.
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The former POI, a J-4101 type-rated FAA inspector who gave the
captain his type rating, stated that he preferred to see a candidate demonstrate
ability in using the autopilot during checkrides, since many of the pilots had no
autopiiot experience prior to the J-4101.

During the qualification check ride, the former POI required the captain
to demonstrate satisfactory autopilot knowledge while flying a coupled approach.
The general consensus of Reflectone instructors and the FAA was that many pilots
hired by ACA had aviation backgrounds that did not include the use of an autopilot.
Because of this, it was necessary to train and check the use of the autopilot.

The Safety Board believes that although adequate autopilot training
was accomplished by the RTC and that it was adequately addressed by the FAA
during checkrides, the incorporation of an autopilat-coupled approach training item
in the ACA flight training manual and the Reflectone syllabus wouid preclude the
possibility of coupled approaches being overiocked. Further, to include antopilot-
coupled approaches as an item on the ACA pilot proficiency check form would
ensure that pilot knowledge and use of the autopilot during coupled approaches was
reviewed.

The Safety Board believes that experience gained as a first officer with
an airline, prior to upgrading to captain, is important. Contract training instructors
may possess considerable air carrier line operating experience: however, the airline
should be the final determining factor in pilot qualification for line flying. In this
case, the captain of flight 291 went directly from first officer in a lcss sophisticated
airplane {J-3101/3201) to captain of the J-4101.

Although Jetstream manufactures both the J-3201 ard the j-4101
airplanes, the differences between the two airplanes are significant. The J-4101 isa
newer and more complex airplane. The addition of an autopilot and maodemn
instrumentation (glass cockpit displays) are two of the major differences between
the airplanes. A pilot transitioning from the J-3201 to the J-4101 could not apply
previous system knowledge (in cockpit layout or design) learned in the J-3201 to the
J-4101. There are very few similarities in airplane systems. Further, the
instrumentation in the J-3201 is analog, whereas the instrumentation in the J-4101 IS
an electronic flight instrument system (EFIS). The new glass cockpit design
requires the pilot to learn a new concept of instrumentation. The investigation
revealed no pilot comments regarding difficulty in flying or interpreting the EFIS
system installed on the J-4101 airplane, and no comments were received to imply
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that the captain or the first officer involved in the accident were deficient in
instrument skills using the EFIS system. However, both pilots were inexperienced
in the new airplane and failed to Scan the instruments properly during the high
workload of the accident flight.

Pilot evaluations of Reflectcne's flight training were very favorable.
The contract instructors were considered experienced. Training during stall
procedures varied somewhat among instructors. Some of them allowed the student
to proceed past the stick shaker to the stick pusher, whereas other instructors
demonstrated to the stick shaker oniy. In either case: the student had to demonstrate
knowledge and competence, both to ihe instructor and the FAA, regarding stall
recovery. The stall training had to be conducted at a safe altitude and not during
actual instrument approach conditions as could have been demonstrated in a
simulator.

Because the captain was newly upgraded to PIC on J-4101 airplanes
and the first officer had been hired 8 months prior tc the accident and completed
J-4101 pilot training within 2 months of the accident, the Safety Board believes that
it is unlikely that either crewmember was adequately seasoned in his respective role.
The captain had been employed by ACA as a first officer for more than | year on
the 3-3201, prior to his upgrade to captain on the j-4101. Since the upgrade, he had
served just over 2 months as an ACA J-4101 captain, The first officer had
completed new hire ground and flight training about 1 month prior to the accident
and had flown only one round trin as a first officer in ACA passenger operations.
The captain and first officer were friends; however, this was their first flight
together.

The investigation determined that the captain expressed concern, prior
to departure, about the en route weather, turbulence, and related icing conditions in
the vicinity of the airport at Columbus. The CVR indicated w:at the captain
adequately addressed these conditions during the course of the flight. Ar. interview
with another ACA copilot, who had flown with the captain for 15 gavs in
December 1993, indicated that the captain frequently liked to couple the airplane to
the autopilot, on approach, rather than to fly the airplane manually. A review of the
captain's records indicated that the two failed checkrides (SIC on the 5-3201 and
PIC on the J-4101) were, In part, due to uosatisfactory performance on approaches.
On subsequent rechecks, he demonstrated satisfactory proficiency after retraining.
The Safety Board believes that the captain was inexperienced and {acked confidence
in his ability o fly the J-4101. but that he was aware of his weaknesses. As a result,
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he may have relied on the autopilot to supplement his flying abilities and enhans
the apprcach stability of the airplane int less than optimum weather conditions.

The Safety Board acknowledges the valu= of an autopilot to resdsice
pilot wnrkioad during instrument approaches and encourages its use. However, e
Safety Board is concerned that some pilots might accept autopiior performans.z as
infallible and become complacent in their monitoring function. The Safety Bcsaré
believes that training programs must stress the need for pilots to stay al:rt axd
remain in the loop during coupled approaches.

The events of this accident retiect a total breakdown i crew
coordination, an essential element of conducting successful instrument approaches.
CRM tralning is not currently required under 14 CFR 135; nonetheless. ACA dig
include a I-hour class during its J-4101 ground school that inchzda2 previous
accident/incidents, human factor/considerations, and the NASA aviation Safety
reporting system. The training dié not provide for interaction of the crewmembers
or feedback and continued reinforcement regarding their performance, as described
in Advisory Circular (AC) 120-51 A Crew Resource Management Training.

24 The Coripany

Atlantic Coast Airlines began operations on January !, 1992, with a
management structure experienced in airline operations. That experience, according
to the FAA POI, enabled the company to avoid many problems that new entrants
had in start-up airline operations. A rapid expansion occurred within the company
during the foliowing 18 months.

ACA’s rapid expansion required considerable hiring and training of
pilots. New hires paid for their training costs; whereas, training expenses for active
pilots were paid for by the company. The Air Line Pilots Association (ALPA) was
the bargaining agent for the pilot group. ALPA and the company signed a side letter
of agreement to the basic pilot contract that enabled the company to have latitude in
training. The letter provided required revenue service periods for training in each .
pilot seat position and airplane equipment type. The revenue service periceds, in
effect, "froze" pilots in their categories and positions for a specified period of time
and enabled the company t0 save on upgrade training costs. Revenue service
periods were 12 months for a first officer on the J-3201. EMB-120 and DHC-8, and

aricd from 18 months for a capiain on the 1-3201 1o 24 months for a captain on the

EMB-120 and DHC-8.
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ACA had a seniority system for the pilots; however, pilots that had
ceen trained in a particular cockpit position or type of airplane incurred the "iock"
ar "'freeze due to the revenus serviceperiod. As a result, junior piiots were able to
fill a position on a higher paying airpiane model. Such was the case of the accident
captain. He was trained as a first time captain to fly on the 54101 and, in effect,
iwmped ahead of other pilots, out of seniority, on a new and more desirable piece of
eyuipment, The newly hired first officer was also placed on the more sophisticated
piece of equipment.

Although a pilot seniority system does not guarantee that the most
qualified airmen are promoted fit, the Safety Board believes that seriority does
provide an indicator of seasoning and experience in airline operations. The system
in place at ACA precluded the orderly progression that would have enabled the new
captain to gain experience as a captain on a familiar airplane before he/she
progressed to a new and more advanced airplane.

Although the company met or exceeded the ground and fight training
requirements and regulations, the operational oversight and monitoring of the pilots
by company managers appeared to have been reduced. The lack cf adequate
supervision and guidance may have led flightcrews to develop poor flight
procedures and habits. An example was the procedure of flying high speed
approaches to assist air traffic control. The nonstandardization of operations
between airplanes was recognized by management and was being addressed by the
company through the development of a Bight standards manual. At the time of the
accident, the manual had not been approved by the FAA. While the captain had
more fiight experience than the first officer, he had been recently promoted from a
first officer on a j-3101 to a captain of a J-4101 on a scheduled air carrier. If
standardization of approach procedures between airplanes had been established, the
captain might have been better prepared to carry out proper approach procedures,
and the first officer might have been more knowledgeable and trained for the event.

The company correctly applied the 'green on green' pairing
requirements Of pilots not flying together with less than 160 hours. However, the
combination of a new captain with a previous history of demonstrated nroblems
durirg checkrides. scheduled with a new first officer who had not flown for 18 days,
provided a degraded flying performance environment that proved to be inadequate
under the existing operational conditions.
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As a result of the Safety Board’s Safety Recommendation A-9G-107,
originating from the investigation of USAir flight 5050, 16 on July 22, 1991, the FAA
issued ACOB 8-88-1. This ACOB revised existing guidance concerning the pairing
of crewmernbers by incorporating a joint govemnment/industry task force's
flightcrew performaince committee recommendations. The cormmittee’s
recommendations involve three basic program elements: consolidation of skills,
operating restrictions, and pairir:g restrictions.

2.5 FAA Surveillance

The Safety Board investigation indicated that the FAA surveiilance of
ACA was conducted in accordance with flight standards directives. After the initial
certification to operate was issued in late 1991, the PCI was infcrmed of the intent
by the carrier to expand operations under Part 121. A schedule of events to certify
the carrier was conducted and completed in April 1993. Additionally, the carrier
submitted its request to place the Jetstream 4100 on its certificate. Again, the
certification process for inclusion of a new airplane was acconplished at ACA. The
oversight by the FAA during initial certification and during sae recertification for the
additional company operations was adequate. The Safety Board believes that the
FAA'srole in approving the carrier's operating certificate for the Jetstream 4100 was
proper and did not contribute to the accident.

2.6 Corrective Actions

As a result of the Safety Board's irvestigation of the GP EXpress

accident in Anniston, Alabama, on Apri! 12, 1993. the following recnmmendation to
the FAA was issued:!”

A-93-36

Require that scheduled air carries operating under 14 CFR Rt 135
develop, and include in their fiight operation manuals and training
programs, stabilized approact. criteria. The criteria should include
specific limits of localizer, giideslope, and VOR needle deflections

16 See Aircraft Accident Report--“USAir, kc., night 5050, Boeing 737-400, N416US, Flushing,
New York, September 20, 1989""(NTSB/ A AR-90/03)

17gee Aviation Accident Report--"Controlled Collision With Terrain, GP Express Airlines, Inc.,
Flight 861, A Beecheraft CS9, N118GP, Anniston, Alabama, June 8, 1992"(NTSB/AAR-93/03)
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and rates of descent, etc., near the airport, beyond which initiation
of an immediate missed approach would be required.

In aletter dated June 1€, 1953, the FAA advised that it would issue an
ACOB emphasizing stabilized approach criteria information anc associated 'uaining
Issues, and referencing guidance matzrial currently avaiiable on this subject. Based
on this information, oz November 19, 1991. the Safety Board classified A-93-36
""Open--Acceptable Alternate Response.™

The Safety Board cannot understand why the FAA has not yet
completed these actions and issued the appiicable ACOB. In any event, the Safety
Board now believes that the ACOB route to address this issue is not appropriaie. If
a stabilized approach procedure had been developed and required to be adhered to
by all pilots for night IMC approaches, perhaps this accident would have been
prevented. Therefore, the Safety Board classifies A-93-36 "Open--Unacceptabie
Response™ and reiterates A-93-35. Further, the Safety Board urges the FAA to
review its position on the need for regulatory action and to move expeditiously
toward requiring Part 135 operatorsto include in their flight operations manuals and
training programs stabilized approach criteria.

2.7 Jecupant Safety Belt Usage

The Safety Board is concemed that the FAA has not addressed the
passenger and crew safety issue associated with the Pacific Scicntific belt design.
The Safety Board reminds the FAA that Title 14Code of Federal Regulations (CFR)
91-107(a)(3) states, in part, that each person on board a U.S.-registered civil aircraft
must occupy an approved seat or berth with a safety belt and, if installed, a shoulder
harness that is properly secured about him or her during movement on the surface,
takeoff, znd landing. This same requirement is also reflected in other reguiations,
such as i4 CFR 135.128(a), and 14 CFR 121.311(b). The Safety Board believes
that if passengers and crew are required by the CER to wear safety belts, then it is
the responsibility of the FAA to ensure that the safety belts function properly.
Although the FAA is in the final stages of issuing an airworthiness directive to
remove these safety belts from service, it will take several months tc accomplish this
task. The Safety Board belicves that when passengers board an aircraft, they have
the right t¢ ensure that everything on that aircraft is functioning properly. If, as in
this case, the safety belt, under emergency conditions, may not function as dssigned,
then it is the FAA's responsibility to ensure that operators advise passengers and
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crew that they must align the insert with the buckle to ensure that the buckle will
release should an emergency evacuation become necessary.

Recent conversations that FAA staff have had with Safety Board staff
show that the FAA does not intend to take further action on Safety Recommendation
A-94-67, concerning Pacific Scientific safety beit buckles. Therefore the Safety
Board now classifies Safety Recommendation A-94-67 'Closed--Unacceptable
Action."

The Safety Board strongly believes that until these restraint systems are
replaced, the FAA shouid immediately notify all operators and require them to
explain to passengers and crewmembers, before each flight, how to release these
safety beits based upon the design deficiency found in this investigation.

2.8 Additional Information

The Safety Board is currently conducting a safety study of the
standards and practices N the cominuter airline industry. Several broad issues are
being addressed in the study, including:  flightcrew training (including the
availability and use of flight simulators); flightcrew scheduling and crew pairing
policies; crew resource management {CRM) training; the certification ang design of
commuter airplanes; management oversight; and FAA surveillance. This study was
initiated in the spring of 1994, and the final report is scheduled to be presented to
the Board in November 1994,
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3. CONCLUSIONS

Findings

1.

The airplane was certified, quipped, and maintained in
accordance with Federal Aviation Regulations and approved
procedures.

The fiightcrew was trained and certified for the flight m
accordance with company procedures &2 Federal Awviation
Regulations.

There was no evidence of failures of any of the structures,
systems, or engines that contributed to the accident.

The weather was essentially the same as forecast by the National
Weather Service, and the pilots were aware of the current
weather conditions.

Light to moderate mixed icing conditions existed during the
approach to Columbus; however, airframe icing was not a factor
in the cause of the accident.

Air traffic services were not totally in accordance with
established procedures but did not contribute to the cause of the
accident.

The J-4101 was a new airplane placed into service in the United
States by ACA in May 1993. Both pilots had low flight time
and experience in the airplane and in my airplane equipped with
an electronic flight instrument system (EFIS). Additionally, the
captain had low time and experience as a captain.

High speed approaches to the final approach fix were often
flown by J-4101 crews, aithough the procedure was neither

published in the company operations and training manuals nor
approved by the FAA.
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1.

i2.
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The captain initiated the ILS approach at z high speed and
crossed the fina! uppreach fix ai a high speed without first
having the airplane properly configured for a stabilized
approach.

The landing checklist was initiated late in the approach, and the
delay caused distractions to both pilots because the approach
was unstabitized.

The airplane’s autop’let maintained the airplane on the
slideslope and localizer; however, airspeed was not monitored
nor maintained by the flightcrew.

The first officer failed to alert the captain of the deteriorafing
airspeed, which was below the minimum specified for the
approach, The airline had no specified callouts for airspeed
deviations during instroment approaches.

The stall warning system cperated properly.

The captain failed to apply full power and correctly configure
the airplane in a timely manuer.

Inadequate  consideration was given 1o the possible
consequences of pairing 2 newly upgraded captain, on a new
airplane, with a first officer who had no airline experience in air
carrier coerations, nor do current FAA regulations address this
issue.



3.2 Prabable Cause AN
‘o |
The National Transportation Safety Buard determines the probabie
causes of this accident to be: N

(1} An aerodynamic stal! that occuired when tﬁ\ flightcrew allowed
the airspeed to decay to stall specd folicwing a vory poorly planned
and execuied approach characterized by an absence of procedural
discipline;

(2} Improper piiot response to the stall warning. including faiture to
advance the power levers to maximum, and ingppropriately maising
the flaps;

{3) Flightcrew inexperience in “glass cockpit” automated aircraft,
aircraft type, and in seat positicn, a situation exacerbated by a side
jcuter of agreement between the company and its pilots; and

(4) The company’s failure to provide adequate stabilized approach
criteria, and the FAA’s failure to require such criteria.

Member Vogt concluded that the last factor was contributory but not
causal to the accident. Additionaily, for the following two factors, Chairman Hail
and Member Lauber concluded that they were causal to the accident, while
Members Vogt and Hammerschmidt concluded that they were contributory to the
accident:

{5) The company’s failure to provide adequate crew resource
management training, and the FAA’s failure to require such trainirg;
and

‘6) The unavailability of suitable training simulators that precluded
fully effective flightcrew training.
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4. RECCMMENDATIONS

As 3 result of is investigation of this accident the National
Transporiation Safety Board makes the following recommendatiors:

--to0 the Federal Aviation Administration:

Ensure that the training programs for 14 Code of Federai
Regulations Part 135 pilots place an increased emphasis on stal
warning recognition and recovery techrigques, to include stick
shaker and stick pusher during training. (Class Ii, Priority Action)
{A-94-173)

Ensure that all Part 135 operators that incorporate both a high sped
approach profile and a coupled approach profile in the training
mamual for ail airplanes train pilots to proficiency for those
approach profiies. (Class 11, Priority Action) (A-84-174)

Ensure that Atlantic Coast Airlines trains its flightcrews in approved
high speed approach techniques, similar to the manufacturer’s
airplane flight manual. The present procedures show a normal
stabilized approach procedure, but the pilots typically fly faster to
keep up with jet traffic and therefore do not follow their own
procedures. (Class II, Priority Action) (A-94-175)

Immediately issue an emergency airworthiness directive informing
all operators and affected parties, including the U. S, Department of
Defense and foreign governments, of the Safety Board's findings,
and require ail operators whose aircraft have the affected Pacific
Scientific safety belt buckles to inform passengers and
crewmembers before each flight about the need to align the buckie
insert when lifting the buckle release lever to ensure easy release of
the safety belts. (Class 1, Urgent Acticn) (A-94-176)

Also, as the result of this investigation, the Safety Board reiterates
safety recornm:andations:



75

A-93-36

Require that scheduled air carriers operating under 14 CFR Part 135
develop, and include in their flight operation manuals and training
programs, stabilized approach criteria. The criteria should include
specific limits of Iocalizer, glideslope and VOR ncedle deflections,
and rates of descent, etc., near the airport, beyond which initiation
of an immediate missed approach would be required.

A-94-69

Amend TSO-C22f o incorporate procedures which would place
material representative of soft abdominal tissue between the iest
apparatus and the release buckle to ensure that safety belis can be
released when subijected to loads specified in the TSO.

BY THE NATIONAL TRANSPORTATION SAFETY BOARD

James E. Hali
Chairman

John K. Lauber
Member

John Hammerschmidt
Member

Carl W. Vogt
Member

QOctober 6, 1994
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5. APPENDIXES
APPENDIX A
INVESTIGATION AND HEARING

1. Investigation

The National Transportation Safety Board was notified of the accident
about 0030 eastern standard time on January 8, 1994. An investigative team was
dispatched from Washington, D. C., early that moming. % was composed of the
following pups: operations: alr traffic control; weather; structures; systems;
powerplants; survival factors; and aircraft performance. In addition, specialist
reports Were prepared for the CVR, FDR, and human performance.

Parties to the field investigation were the FAA, the National Ax Traffic
Controllers Association, Jetstream Aircraft Limited, Atlantic Coast Airlines, the
Association of Right Attendants, the Air Line Pilots Association, McCauley
Accessory Division, and Allied Signal Corporation. The Air Accidents
Investigation Branch (AAIB) of the U.K. was notified of the zccident and was

eranted status i this investigation in accordance with Arzex 13 to the Convention
on International Civil Aviation.

2. Public Hearing

A public hearing was not held regarding the accident.
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APPENDIX B

COCKPIT VOICE RECORDER TRANSCRIPT

Legend of communication descriptions, abbreviations, acronyms and symbols used inthe
attached CVR transcript:

CAM  Cockpit area microphone

INT Intra-cockpit intercom system

-1 Voice {or position) identified as Captain

-2 Voice {or position) identified as First Officer
-? Unidentifiablevoice

CLE Cleveland Air Route Traffic Control Center
IND Indianapolis Air Route Traffic Control Center
CMH  Columbus Approach Control

TWR  Columbus Tower Local Control

COM  Radiotransmissions receivedby accident aircraft from sources other than those
specificaily listed herein.

OoPS Columbus Company Operations
PA Aircraft public address system

GPWS Ground Proximity Warning System

- Uninteiligibleword
# Expletive deleted
Pause
{ Questionable text
i Editorial insertion

- Break in continuity



TIME @
SQUACE

2250:59
CAM

2251:05
INT-2

225112
INT-1

2252:29
INT-2

2252:37
INT-1

225721
INT-2

2257:24
INT-1

INTRA-COCKPIT COMMUNICATION

CONYENT

(Startof Recording]

two nlner niner four ... should | quastion that?
iU's okay.

yeah we just came in it right on top.

yup.

you got one I'm gonna try two again ...* miles out.

okay.

TIME &

6L



TIME &
SQURGE

TIME &
SQURCE

2257:31
CMH

2258:51
CLE

2258:55
RDO-1

2259:19
RDO-1

225923
IMD

Ajﬂm‘m- w

CONTENT

[the following ATIS repeats three times] port columbus
International airport inlormationalphatime zero three five

zero zulu weather measured ceiling one thousand one
hundred overcast visibility six light snow fog temperature
two three dew point two two winds three three zero at
four altimetertwo niner niner sevenit.§ runway two eight
left approach in use also landing runway two eight right
.. ail departing aircraft contact clearance dellvery one
two six point three prior to taxing ... notice to airmen
taxiway goii * two eight left hold short sign out of service
... taxiway bravo hold short sign out of service .. bravo
four .. advise on initial contact you have information
alpha.

blue ridge two ninety-one contact indianapoliscenter one
two four point four five.

indianapolis center twenty-four forty-five blue ridge two
ninety-one.

indianapolis center blue ridge two ninety-one's with you
at one four thousand.

blue ridge two ninety-one indianapolis center roger the
altimeter at columbus is two niner niner seven.

08



TIME &

INTRA-CQCKPIT COMMUNMICATION

TIME &
SQURCE

2259:28
RDO-I

225931
IND

22569:42
RDO-1

22569.44
IND

225947
4Z4CK

2259:56
IND

2300:02
RDO-1

2300:06
474CK

AIR-QROUND COMMUNICATION

CONTENT

two niner niner seven blue ridge two ninety-one.

blue ridge two ninety-one be advised ah just had a report
of some icing at one four thousand .. ten o'clock to you
and ah about twenty-five thirty miles.

you said that was some light rime?

lour zero four charlie kilo what kind of Icing were you
getting?

moderate moderate rime on up to fourteen thousand and
we're ah we're in the clear ah in the clear above us up
here at fifteen thousand.

zero lour charlie kilo thank you .. blue ridge two
ninety-one he said it was moderate rime icing up to one
four thousand.

okay thanks ah we'll keep that in mind.

and we're sitt'n here negative twenty on the centigrade
ah at fifteen thousand for four charlie kilo.

18
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TIME &

2302:54
INT-1

2303:1¢
CAM

2303:11
INT-1

2343:20
INT-2

230322
IMNT-1

INTHA.COGKRIY COMMUNICATION

TIME &
CONTENT SQUBCE

230228
RW-1

2302:33
IND
2302:47
IND

2302:50
RDOA1

since We're gonna have to be in this we're probably end
up get'n ah -

(sound simsar to that of altitude or gnar warning alert)
thousand.
we'll probabiy end up getting the what?

since we gottadescend dowi in it ralier then get st up in
lhe clear and keep her as dry as long as possible.

AlR-GROUND COMMURICATION

CONTENT

and indianapolis canter blua 1idge two ninety-one can we
geot ah One live thousand for a tittle whila?

blue ridge two ninety-one stand by.

blue ricge two ninety-one climb and maintain ena five
thousand.

one five thousand blua ridge two ninnty-one.

€8



TIME &
SQURCE

2303:32
INT-I

2303:42
INT-2

2303:63
INT-2

2302:57
INT-1

2304:17
INT-1
23%4:24
INT-2

2304:24
INT-1

2304:26
IFIT-2

2304:29
INT-1

TIME &
CONYENT SQURCE

like so ... (then) get pilot's discretion we'll just .. live
hundredto go ..bring her down real quick.

live to go.

traffic nine o'clock ten.

roger.

okay see if you can reach company tell ‘em you're about
eighteenout .. | got one.

alright -

what's the ATIS called again?
columbus oh ATIS is alpha
niright 1 got one.

2304:45
RDO-2

AIR-GROVND COMMUNICATION

columbus 0psS blue ridge two ninety-one.

V8



TIME &
SOURCE

2305:10
CAM

2306:11
INT-1

[sound of single chime]

ckay tell you what don't worry about it ..

TIME &
SQURCE

2305:06
RDO-2
2305:33

IND

230535
RDO-2

2305:38
RDO-1

2305:42
IND

2305:46
RDO-1

2306:01
RDO-2

CONTENT

and Columbus ops blue ridge two ninety-one.

blue ridge two ninety-one turn twenty degrees to the left
this is ves~vs lor runway two eight at Columbus.

columbus 0ps blue ridge two ninety-one iStrying to reach
youl.

twenty degrees to the left lor vectors for runway two
eight columbus.

blue ridge two ninety-one pilot's discretion maintain one
one thousand,

pilot's discretion to one one thousand blue ridge two
ninety-one.

and Columbus cps blue ridge two ninety-one.

€8



TIME &
SQURCE

2306:15
INT-2

2306:16
INT-1

2306:38
INT-2

2306:39
INT-1

230655
PA-2

2307:27
INT-2

can't get nobody

uhm ... call in the back .. tell tha foliss oh we'll be about
twenty minutes we're twenty minutes out descendingjust
give a rough estimata of the weather .. ali you needto do
is tell them it's light snow overcast and wht the winds
are and the temperature don't go into any detail.

okay.

alright . and I got one.

and ah ladies and gentlemen ah we'l be starting our
initial descent into Columbus ah real shortly ah we should
be on the ground in approximately ah eighteento twenty
minutes .. ah local weather it's ah twenty-three degrees
ah light snow and ah winds ah seem to be coming out of
the ah northwest at four knots and ah we'd iike to ask
cur flight attendant to prepars the cabin lor landing thank
you.

back up with you.

98
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TIME &
SOURGE

2307:30
INT-1

2307:52
INT-1

230840
INT-2

2308:40
INT-1

2308:45
INT-2

2308:56
INT-1

230858
INT-2

INTAA-COCKPIT COMMUNICATION

GONTENT

okay .. we't do the ILS for two eight left .. | don't care.

okay | got a April twenty-fourth nineteen ninety-two
eleven one .. ILS to columbus two eight left two
seventy-nine inbound heading one coh eight point seven
is the ah loc frequency three ninety-one is SUMIE which
is the outer marker ..we ah thousand fourteen and a halt
mite we have that ... glide slope is ah .. intercept is ah
twenty-seven hundredfeet .. missedapproach is climb to
twenty-seven hundredfest directto ah looks like GRENS
locator outer marker and hold .. looks like it's gonna be
right turns .. any questions?

no queastions.

okay .. ah let's do a descent and approach check.

roger .. 2 and A .. pressurization checked.

checked.

APR is armed.

TIME &

AIR-GROUND COMMUNICATION

L8
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TIME &

230941
INT-1

230%:43
INT-2

2309:44
INT-1

2309.58
INT-2

2310:01
INT-1

INTBA:CQCKPIT COMMUNICATION
TIME &
CONTENT SQURCE
2309:28
RDO-1

2309:31
IND

2309:34
RDO-1

2309:40
COM

continue with the checklist.

crew brief,

okay we wanted it ah two eights flaps twenty-five
standard calls ref speeds we might do a AOA depending
on what hnppons no we won't do an AOA itll be ah
without AOA so what are the speeds?

okay ref speed is gonna be one obh five.

five six and twenty

AIR-GROUND COMMUNICATION

CONTENT

one one niner nine five blue ridge two ninety-orlo.

Sir it's one one niner point one five nineteen fifteen.

okay nineteenfifteen ah for blue ridge ah two ninety-onc
thanks.

[sound of frequency change tone]

68



TIME &
SOURCE

2310:03
INT-2

2310:03
INT-1

2310:05
INT-2

2310:06
INT-1

2310:07
INT-2

2310:08
INT-1

2310:08
INT-2

2310:11
INT-1

2310:14
INT-2

INTRA-COCKPIT COMMUNICATION

yeah.

alright

okay -

any questions?

no.

alright.

descent and approach check is completed.

alright ,. I'm gonna talk to him you try and reach
company okay.

roger.

TIME &

g6



TIME &

2311:18
INT-1

INTRA-COCKPIT COMMUNICATION

CONTENT

you ever get 'em.

TIME &
SQURCE

2310:16
RDO-1

2310:22
CMH

2310:31
RDO-1

2310:34
RDO-2

2310:46
RDO-2

231056
RDO-2

2311.0a
RDO-2

AIR-GROUND COMMUNICAT] 3N

CONTENT

columbus approach blue ridgetwo ninety-oneis with you
out of thirteen thousand two hundred for one one
thousand alpha.

blue ridgetwo ninety-one roger ah looks like headingtwo
eight five intercept the two eight left localizer maintain
one zero thousand.

two eight five for the intercept for the two eight left
localizer and that's ah down to one zero thousand for
blue ridge two ninety-one.

and columbus ops blue ridge two ninety-one.
columbus ops ah blue ridge two nine one.
and columbus ops blue ridge two ninety-one.

and ops blue ridge two ninaty-one is trying

16



TIME @
SQURCE

2311:19
INT-2

2311:21
INT-1

2311:26
INT -3

2311:45
INT-1

2311:49
INT-2

2311:55
INT-1

2311:56
INT-2

2312:12
INT-2

2312:18
INT-1

INTRA-CQCKPIT COMMUNICATION

Nno no

okay screw 'em

okay we're going down to ten thousand D and A's been
completed ah .. the on!y thing we have left is reach
company.

depending upon what we go through | might have you
pop the boots at the outer marker we'll See.

okay .. all I'd have to do is hit auto-cycle light up right up
here?

yeah just hit auto-cycle.

right okay

you got six miles in eleven hundred s typical -

oh yeah not worried about that.

TIME &

AIR-GROUND COMMUNICATION

6



TIME &

2312:35
INT-1

2312:38
INT-2

2312:41
INT-1

2313:29
INT-1

2313:32
INT-2

2313:36
INT-1

2314:12
INT-1

231418
INT-2

INTBA-COCKPIT COMMUNICATION
TIME &
GONTENT SQURCE

2312:26
CMwW

2312:29
RDO-2

down to four.

that's what | said to him.

yeah I'm just repeating it | heard you.

what's the winds the surface winds down there .. again?

ah three three zero at four knots.

thanks.

tell you what.

yeah.

AIR:GROUND COMMUNIGATION

CONTENT

blue ridge two ninety-one descend and maintain four
thousand.

ah down to four thousand blue ridge two nineiy-one.

£6
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TIME &
SQURCE

2316:20
INT-1

2316:26
INT-1

231643
CAM

231046
INT-1
231719
INT-1

2317:20
INS-2

INTRA-COCKPIT COMMUNIGATION

CONTENT

what's the ice AOA ah .

what's the V speed.

[sound d single chime]

we're gonna do flaps twenty-live ice AOA on so what's
the ret speed lor that ... at this weight?

thotisand,

ref's gonna be -

TIME &

231628
CMH

2316:36
RDO-2

AIB-GROUND COMMUNICATION

blue ridge two ninety-one is one zere miles from SUMIE
maintain three thousand until establish on the localizer
cleared the ILS runway two eight left approach.

ah roger maintain three thousand until established and
ah cleared for the ILS ah two eight left blue ridge two
niner one,

&



TIME &
SOURCE

2317:20
CAM

231721
INT-2

2317:25
INT-1

2317:28
INT-2

2317:29
INT-1

2317:46
CAM

2317:58
CAM

INTBA-COCKPIT COMMUNICATION

CONTENT

[sound similar to that of altitude of gear warning alert]

one to go ... ref .s gonna be one twelve

what that's with the ice AOA right?

that's affirm,

okay that's what we're gonna do ... that's what we're
gonna do

{sound of single chime]

isound similar to reduction in prop/engine noise
amplitude]

TIME a

2317:43
CMH

2317:49
RDO-2

AR-GROUND COMMUNICATION

blue ridge two ninety-one reduce speed to one seven
zero contact tower one three two point seven.

one three two point seven on the frequency and reduce
speed to one seventy blue ridge ah two ninety-one.
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TIME & THME &
SOURCE CONTENT SOQURCE CONTENT
2318:13
COM [sound of frequency change tone]
2318:20
RDO-2 ah good evening tower blue ridge three ninety-one is with
you on the localizer for ah two eight left.
2318:26
INT-1 two ninzty-one.
O
2318:27 -~
TWR blue ridge two ninety-one columbus tower runway two
eight left cleared to land wind three zero zero at four.
231833
RDO-2 cleared to land blue ridge two ninazy-one.
2318:36
INT-2 what did | say?
2318:38
INT-1 three ninety-one.
2318:39
INT-2 oh.
2318:40
INT-1 okay if you got all the speeds don't worry about them

anymore.



TIME @
SQURCE

2318:44
INT-2

2318:46
INT-1

231853
INT-2

2319:14
CAM

2319:22
INT-1

2319:30
INT-I

2319:32.0
INT-2

2319:36.8
INT-1
2319:39.7
INT-2

2320:01.3
INT-2

ref is one twelve | gotta plug that (too)

I did it lor you.

here comes glide slope.

[sound similar to altitude or gear warning alert]

gimme another one of those.

and we're marker inbound

roger.

don't forget to give me my calls .. a thousand fourteen is
DH.

a thousand .. okay

a thousand above.

TIME &

AIR-GROUND COMMUNICATION
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TIME a
SQURCE

2320:02.3
INT-1

2320:08.5
INT-I

2320105
CAM

2320:13.1
INT-2

2320:20.0
INT-1

2320:25.6
INT-2

2320:28.4
INT-1

2320:31.6
INT-2
2320:36.1
INT-1

2320:38.1
INT-2

TIME &

okay .. flaps nine.

gear down.

[sound similar to landing gear extension]

flaps nine .. waiting for three green.

flaps fifteen landing chocks.

flaps fifteen landing gear down three green.

landing gear down three green ‘laps fifteeri set indicating.

condition levers .. a hund- conditicn levers a hundred
percent.

okay give me a hundred percent please.

a hundred percent .. flows at thiee.

AIB-GROUND COMMUNICATIOR,

66



TiME &
SOQURCE

2320:39.8
CAM

2320:41.1
INT-I

2320:41.6
INT-2

2320:42.7
INT-1

2320:44.5
INT-2

2320:46.2
INT-2

2320:45.6
CAM

2320:47.2
CAM
2320:48.1
INT-1

2320:49.5
CAM

INTRA-COCKPIT COMMUNICATION

CONTENT

[sound of increase in prop/engine rpm]

three.

yaw damper.

and autopilot to go .. don't touch.

don't touch

holding on the yaw darnper

[sound similar to that of stick shaker siarts]

[sound of seven tones similar to that of autopilot
disconnect alert]

tony.

[sound similar to that of stick shaker stops]

TIME &

AIR-GROUND COMMUNICATION

CONTENT

001
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TIME &
SQURCE

2320:57.5
CAM

232058.7
INT-1

2321:00.2
CAM

2321:00.8
CAM

INTRA-COCKPIT COMMUNICATION

CONTENT

[sound similar to that of change in or addition to stick
shaker]

whoa.

[sound of impact)

[End of Recording]

TIME &
SQURCE

0t
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APPENDIX C

SAFETY RECOMMENDATIONS

T, Nationa! Transportation Safety Boszrd
T Washington, D.C. 20594
AG - 3 Ioe4

Oftice of the Chairman

Honorable David R. Hinson
Administrator

Federal Aviation ndninistration
wasnington, D.C. 205921

Dear ¥r. Hinson:

Thank you €or the Federal Aviation Administration’s (FAA)
response of May 25, 1992, to the National Trarsportation Safety
Board”s Safety Recommendations A-94-70 through -72.

$afety Racommendation A-94-70 asked the FAA to conduct an
in-depth review of its policies and procedures for the processing
of Air Carrier Operations Bulletins (ACOB), and develop a system to
ensure that the safety information contained therein is acted on in
a timely and accurate manner. The system should include a process
to verity that the actions contemplated by the ACOB are effectively
implemented.

The Safety Board notes that the FAA will issue a handbook
bul letin to establish a precess by which all flight standards field
offices will accompiisn and document surveillance, inspection, or
certificate management actions required by ACOBs, flight standards
information bulletins, and handbook bulletins. Provided this
handbook bulletin is issued to all Fsoos in a timely manner, the
safety Board classifies safety_ Recommendation  A-94-70
“Open=-Acceptable Response.” Additionally, the safety Board
requests a copy of the handbook bulletin when it is issued.

Safety recommendation X-94-71 asked the FAA to issue immediate
uidance to all principal operations inspectors (P0oIs) to verify
hat trne Intended safety-related actions contained in ACCOB 8-93-4

have been accomplished for air carriers under their jurisdiction.

The Safety Board notes that the FAA will issue a notice
directing its rpoIs to verify that the actions containsd IN ACOB
8-93-4_have been accomplished for the air carriers under their
jJurisdiction. The Safety Board classifies Safety Recommendation
A-94-71 ¥open--acceptable Responze® and awaits a copy of the
subject bulletin.

Safety Recommendation_ A-54-72 asked the FAA to take the
appropriate actions to verify that ACOBs issued iIn the past few
years have Seen implemesnted as intendsad,
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The Safety Board notes that the rFaa will issue a _notice
directing its FSDO managers to verify that the actions contained iIn
al ACOBs 1ssued since January 1, 1992, have been accomplished.
Fending the issuance of the notice, the Safety Board classifies
Safety Recommendation A-94-72 "open=-=-Acceptable Response.™"

Sincerely,

Original Signed By
James E_ Hall

Jim Hall
Acting Chairrman

cc: Dr. bonald R, Trilling.
Director ] )
Office of Transportation Regulatory Affairs



105

Us Bepartment . - Otfice of the Administrater 830 Indepenaence Ave | S W

ot ransporiation Wasringion, D.C. 20591
Federal Adiation ' ' -
Administration

MAY 25 10

The sororabis_Carl w. Vogt

¢chairman, National Transportation
Safety Board

430 L*Enfant Plaza East, SW.

Washingten, D¢ 20554 '

Dear Mr. Chalrman:

This Is In response to Safety Rscommandations A-$4-70 through
-72_1issued by the Board on March 17, 1934. These safety
recommendations were issued as a result of the Board"s concern
regarding the process for disseminating alr carrier operations
bulletins (ACTOR).

A-54-70. conduct an in-depth review of its policies and
procedures For the processing of ACOBs, and develop a systam toO
ensure that the safety informatien contained therein is acted
on In a timely and accurate manner. 7Trke system should include
a process to verify that the actions contzmplated by the ACoB
are effectively irplenanted,

Frr_Corxrent. The Federal Aviation Administration (rFax) will
issue a handbook bulletin to establish a process by which all
flignht standards fieid offices must accomplish and document
surveillance, inspestion, or certificate management actions
reguired by acos’g, Flight standards_information bulletins, and
handbook bulletins. This bulletin will direct =2cn Flight

standards district field office marager to maintain a master
cepy OF 211 policy bulletins. The mana%er will sign each
puiletin upon receipt and®ensure that the appropriate
irspzctors recelve the bulletins.

Tc ensziure that this action 1S being accomplished, eachn
inspector «ho has the required action must make an entry into
the Program Tracking and Reporting subsystem (PTR3) under

FTRS Codes 1381, 3381, or 5381 to indicate that he/sne has
contacted the appropriate air carrier.

As a further followup, regional flight standards divisions will
crovide a report of each Tield office compliance with aAcoB's,
Flight standards information bulletins, and handbook bulletins.



This report wiil be submitted biannually io the Flight
Standards National Field Office."

I have enclosed a draft copy of the hulletin €or the Board™s
information, | will_provide the Board with a copy of the £inal
bulletin as socon as It IS Issued.

A-94-71. Issue immzdiate guidance o all PoIs _to verify that
the intzndad safety-related actions contained IN ACo3 8-33~4
have been_accomplished tor air carriers under their
jJurisdiction.

Frz comment. The FAA will issue a notice directing Its
principal operations inspectors to verify that the actions
contained-in Aco3 2-%3~4 have been azsomplished tor the cir
carriers under their jurisdiction. It IS anticipated that the
notice will be issued bv Juiv 31.

| wiil provide the Board with a copy of the nstice as soon as
It Is issued.

k-2:-72. Take the appropriate actions to verify that AcoBs
Issued In the past few vears have bsen Implemented as intended.

Fah cormzment. The FAA will issue a notice directing its flight
standards Field office managsrs to verify that th: actions
contained 1IN all axcost's issued since January 1, 1992, have been
accomplished. 1T is anticipated that this notice will be
Issued by July 31.

I wil11 provide the Board with a copy of the notice as soon as
IT is isgued.

Sincerely,

/TT\ - {m/- \)
e Qs O
Davic R. Einscon
Aéministrator

Enclosure
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National Transpertation Safety Board
Washington, D.C. 20594
Safety Recommendation

Date: March 17, 1994

In reply refer to: A-94-71)through -
72

Honorable David R. Hinson
Administrator

Federai Aviation Administration
Washington, D.C.20591

On November 21, 1991, as the result of the investigation of two commuter
airline accidents,’ the National Transportation Safety Board adopted Safety
Recommendation A-91-122, which urged the Federal Aviation Administration
(FAA) to:

Issue an Operations Bulletin to the Principal Operations Inspectors (PQIs)
of 14 Code of Federal Regulations (CFR) 121 and Pari 135 air carriers to
verify that air carriers have established procedures for flightcrews to take
appropriate actions when they have encountered icing conditions during a
flight, to check for the presence of, and to rid airplanes of accumulated
airframe ice prior to initiating final approach, in accordance with the
airplane manufacturers’' recommendationson the use of deice systems.

Also as the result of the investigation of the same two accidents, on July 22,
1992, the Safety Board adopted Safety Recommendations A-92-59, -60, and -61,
which urged the FAA to:

! NPA Inc., d/b/a United Express. flight 2415, a British Acrospace BA-3101 Jetstream, N41QUE, Tri-
Citics Alrport, Pasco, Washington, December 26, 1989 (NTSB/AAR-21/06). and CC Air British Acrospace BA-
3101 Jetstrearn, N167PC, Beckley, West Virginia, January 20, 1991.

6297
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of the ACOB that contained specific actions for the POIs to take regarding air
“earriers under their jurisdic{ion.

The Safety Board finds the stated actions by the FAA contained in ACOB 8-

93-4 1o be responsive to the intent of A-91-122 ang A-62-59, -60, and -61. The
specific guidance to POTs and the actions directed of them are c@m?stﬂr t with the
Satety Board’s safety recommendations to improve comumuter airdine safety.

However, informaaion g athered dyring two recent commuter aircraft accident
mvertigations has revealed that the actions directed by the ACOBs have not been
accomplished as |

On Decemoer §, 1993, a Jetstream 31 operated by Express I Airlines, d/b/a
' K, cd during a back course focalizer approach to runway 13 at
Hibbfng., ?E—’ﬁhfic.‘:(‘f& "f"e 2 pilots and 16 passengers aboard died when the airplane

' hort of the runway. The investigation of that accident is

continuing &né the probable cause(s) have not been detenmined.
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Ori January 6, 1994, g Jetstream 41 operated by Atlandce Coast Airlines, d/b/a
United Txpress, crashed during an instrument landing system {ILS) appreach te
runway 28L at Port of Columbus Airport, Columbus, Ohio. The two pi’iots one

b

flight attendant, and two passengers died in the accident. Three passengers escaped
from ihe wirplane, which had crashed about 1.2 miles from the azrpor‘ "?}L
investigation is continuing and the probable cause{s) have not been determined.

Both accidents occurred at night in instrument meteorclogical conditions.
Although tcing conditions existed at the time in the area of both accidenis, no
conciusions h‘_u- e been drawn to suggest that airframe icing was the reason for the
accidents. Nevertheless, during the investigations of these two accidents, Safety
Board investizators havc determined that the itent of ACOB-8-93-4 has not been

satisiied.

Altheugh the POI for Ex p s II had received the ACOR, there was no clear
evidence that he had fully accornplished the actions directed by it. Specifically, with
regard 1o cerain provisiens of the ACOB which address Safety Recommendation

4-92-59 on training and accessing computerized weather information }s{ems. the
fixpresy 1 POT stated that he had referenced the carrier's Operations Specificazions,
ci s the General Operations Manual, to determine adequacy.  However,

documents  provide guidance on traén?xw and  accessing
terized weathetr information systems.  Further, on the accident flight
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was an AIRMET [airman’s meteorological information] issued for icing that was not
part of the computerized weather package because of peculiarities in the carrier's
' 'weafhes access system. Also, during an interview wiith the POI of Express 1, the
“sister” carrier, It was determined that although a copy of the ACOE was available
in the POI's office. he had not accomplished the items directed by it. In addition, .
during the interview with the POl for Adantic Coast Airlines, the POI stated that he
thought the ACOB pertained only to Jetstream 31 airplanes, As a result, he had not
aC"ompEie‘zcd the actions centained in the ACOB with the carrier that operated
Jetstream 41s.

Consequenily, the Safety Board believes that the FAA should reevaluate its
process for the dissemination of the information contained in ACCBs to venify that
the inlended and directed actions contained therein are actually taken.

The Safety Board has addressed previcus problems with the distribation of
ACOBs us the re\i..}' of the Delta Air Lines Boeing 727 accident & Dalias, Texas,
on August 31, 1988.% Specifically, in Safety Recommendation A-89-128, the Safety
Beard recommended that the FAA:

Modify the ACOB distnibution procedures to expedite the approval and
transmission of ACGBs {o the principal operations inspectors and airline

fficials.

in that investigation, the Safety Board found that the FAA had =s:>ucd ACOB-
3-8?—4 as the result of a takeoff uccident in 1987 involving a DC-9-82.3 The ACOB
sg ified actions for POls to 1ake regarding procedures at their airlines {0 prevent
empled takeoffs with the fiaps retracted. That investigation revealed that the
ACO had been approved by FAA Headguarters staff in June 1988, and the FAA
Flight Standards District Office (FSDO) responsible for oversight of Delia Air Lines
had recetved it on »‘&ugus 30, 1988. The POI for Delta Air Lines did not receive the

ACGE unn Se mber 5. 1988, and it was not mailed to the airline until September
14, 1988 Iwo v }xb ili-“.a ing the accident, which involved a takeoff atter npt with

the flaps retract ;‘i

-
‘!'Fn, more deluled information, read Afrcraft Accident Repon--Delta Ay Lies, Inc. Soving 727.232,
PHTIDA . DulfwsFont Worth | nmma!.svm%,..w ort, Texnas, August 31, 1988, INTSB/AAR-Bw/IL;
3ror mure dewsiled information. read Alresalt Accident Report-Noaahwest Auriines, Inc, MoDoancll
Dﬁ uplas L‘}C §-82. N3IIZRC, Duotront Mewopohina/Wayne Covaty Alrpon, Romulus, Michiven
TSRAA AR SRS

Fa
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On April 12, % " the FAA advised the Safely Board that it had established

system 1o seduce the ime for the priming and disiribution of ACORs ©

withm two weceks ufter Zu_".' prion. As a result of that action. on October 22, 1990,
the Sufoty Buoard clussified A-89-128 as "Closed--Acceptable Action.”

4 TG f, W
J
Ly

¢ two recent investigations iflustrate what appears to the
TL‘ ncics in the FAA'YS system of communicating
to air carriers that is contained in ACOBs. The
) f pmc img the information contained

M 1

e Flight Standards personnel

the inadeguste processing

mined to be a factor in the recent

eter
scvsdents, epparentiy, neither the content of the ACORB nor the intent of its content
oo Boen sutbsied, Thasefore, the Sufety Board urges the FAA 1o direct immediate

o fance 1o ail POIs tht reqguires verification that e actions contained in ACOR 8-

230 bve boon hon, Alsol with the issuance of Sufeiy Reconnmendation A-94-71.
w0 s centsined Bercin, the Safety Bourd has classitied Safety Recommendations
A-gi-122 .-\-0*3»5‘;‘. AS92-60,  and  A-92-61  as "Closed--Acceptable

s L v mls A
HEL Yl \Luhii

»?

The Safeity Board is ofs0 concerned that oiber ACOBy issued in the recent
wove monaited I the intended corrective amorm Many of the Sufety
Gy redonmendations have urged corrective actiens that were

setivd hyomeans of ACOBs tha J: a1 POIs to accomplish

ccommaonduaiions
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On Apri} 12, 1990, the FAA advised the Safety Board that it had established
u ;vimri!v systens fo seduce the time for the printing and distribution of ACOBs 0
qthin two weeks after adoption. As a resuit of that action, on October 22, 19990,

:he Safcty Board classified A-89-128 as "Closed--Acceptable Action.”

Nevertheless, the two recent investigations ifjustrate what appears to the
Sufety Beard (o be sericus deficiencies in the FAA's systemt of communicating
important sufety-related material to air carriers that is contained in ACOBs. The
Safery Board is concerned that the system of processing the information contained
in ACOBs i not being given sufficient emphasis by the Flight Standards personnel
responsibie for the o*:cz‘sn:?,i of airline safety, Although the inadequate processing
of AC0B 8-93-4 by the FSDOs has not been determined to be a factor in the recent
accudents, epparend ‘}. sither the content of the ACOB nor the intent of its content
nas hwen satisfied. Thorefore, :he Saff:zy Board urges the FAA to direct hmnediate
suidunce o ail FOIS thi requires venification that the actions contained in ACOB 8-
923 huve boeen taken. Also. with the isszance of Safety Reconuniendation A-94-71,
Sefety Bo d"d has classified Safety Recommendations
A-92-61  as  "Closed--Acceptable

r

which s contamned hesein, the
A-91-122, —}2-39, A-9Z-60,  and
ActiySuperseded.”

'I"nc Siafety Bourd is also concemed that other ACOBs issued in the recent
puast might noet have revulie 1 iy the intended corrective actions, Many of the Safety
Bouards oo ious sifety recommmendations have urged corrective actions that were
meuns of ACOBs that directea POIs io accomplish
specific ks, Inmest cases the Safery Board has classifled such reconunenduations
as "Closed--Accepiahie Action,” based on a review of the guidance contained in the
died AC 035 crdoassuming thoat the actions directed at POIs had been
arcemphiched, The a‘zf\,n. bnzird hus not previousfy tcmpied to verify whether the

P R B T S
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The sysiem should include a process 1o verily that the actions
conemplated by the ACOB are effectively bmplomented.  (Cluss 1L
Priorty Action) {A-94-70)

Issue wmnﬂedmm guidance to all POIs (o verify that the intended suiviy-
I:‘:tea actions coptained in ACOB 8-93-4 have been nccomplished for air
carviers under their jurisdiction. (Class H, Priority Action) (A-94-71)

he appropriate actions o verty that ACGOBs issaed 1 Be past jow
ve been impleniented as i.,zenu:d. (Class H. Priority Actiony (A

bk~

\.J

Chamman VOGOT, Vice Chaimman COUGHLIN, 2nd Moembers 1AL LGR
HAMMERSCHMIDT, and HALL concurred in these recommeaendations.,

mﬂéfﬁ‘ﬁ

Bv:  Curi W, Veoga
Chairmon
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equipment. The design changes to the safety »elt huckles were
develeped by the manufacturer, In coopsration with Federal
Xviaticn Ad=zinistration (Faad) engineers and the Civil
Aercaedical Institute. The manufacturer is aggressively
pursuing the repiacenent of these safety belts. The Faa is
considering the issvance of an airworthiness directive to
require mandatory repliacement OfF the buckles within 90 days.
IT the FARA ISsues an airworthiness directive 1t will be sent to
all operators of affected aircraft. In the meantime, the Fax
believes the manufacturers notification to all operators IS
sufficient interim action.

T will provide the Board with a copy of any documant that may
be issued.

A-52-65. Amend TSO-C22£ TO Incorporate procedures which would
place matsrial representative of soft abdominal tissus betwaen
the test apparatus and the release buckle to ensure that safety
belts can be released when subjected to loads specified in the
TSO.

F2A Commen®*. Technical Standard order (Ts0) c2zf was revised
over a year agec to address the concerns expressed in this
recommendation. Currently, Ts50-Cz2g incorporates by reference
the seat beln requirements OF the Society of automotive
Enginesrs Aerospace standard (A3) 8043, The body block used in
AS 28043 provides closed. cell nonrssilient foam representative
cf soft tissue in the area of the seat belt. As requirsd by

14 CFR 21.603, all new seat beit applicants must comply with
the reguirements of TS0-C229.

I consider the Fai's action to be completed en this safety
a

racommaendation,

nd I pilan NO futher action.
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National Transportation Safety Board
Washington, D.C. 20594
Safety Recommendation

Date: March 14, 1994

In reply refer to: A-94-67 through -69

Honorable David R. Hinson
Administrator

Federal Aviation Administration
Washington. 1.C. 20593

On January 7, 1994.2 letsiream J4101, N304 UE, operated by Atlantic Coast Airlines of
Sterling. Virginia, as United Express flight 6291, was on a scheduled commuter flight from
Dulles Internationa! Airport to Port Columbus International Airport, in Gahanna, Ohio. At 2321
eastern standard time. while On an instrument landing system (1LS} approach to runway 28L, the
zirptane struck 2 concrete block building that was about 1.2 miles east of the runway. The pilot,
co-pilot, flight attendant, and two passengers were fatally injured, and the three other passengers,
a husband and wife and their 5-year-old daughter, sustained minor injuries. The airplane wes
destroyed by postcrash fire.

On January 8. 1994, the Safety Board interviewed the husband, who is a frequent air
traveler. He stated that his family war. originaliy assigned to seats 3A. 3B, and 3C, but due to
the iight passenger load, for weight and balance purposes he was moved to seat 8B, his daughter
tc 8C. and his wife to 7C. Two other male passengers occupied sezts 6B and 9B.

The husband stated that the seatbeit and no smoking signs were illuminated for the entire
Sight. At about 2310, the airplane began descending, and the pilot announced the descent for
Janding. The landing gear was louered about 5 minutes before the accident. The hushand said
that the airplane continued to descend, and that he could see lights on the ground. Suddenly, the
airplane rolled about 45° in one direction and zhen about 45" in the other direction--hecould not
recall whether the first roll was to the left or to the right, only that it happened very quickly.
After the roll excursions. the husband swted that the airplane was "wobbly' 2nd rhen dropped
for zbou: 1 second and stopped. He described the recovery from the airplane's drop as 'cushy,"”
then moments later :he airplane struck the ground.

Afier the airpiane came to rest. there were no lights in the cabin. 2nd the only
itlumination came from a fire in the left engine. The husband said that he remained in his seat
upright and that :he se2ts remained atiached 10 the airplane's floor. However, he said that he
experienced 2 'terribly difficult time resmoving hisseatbelt.™ He said that the plastic relezse lever
on the buckie was 'difficult” to operate because he believed tha: it had to be moved greater than

6303
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9 He was accustomed to metal rejease levers that move about 45° before they release. After
' a rest, he noticed that his daughter had slid down ontc her back and under
because he could not find the safety belt release iever, he had to puli her out
st wife 2ise had the same difficulty releasing her safety belt as he had
Afier they were free of their sa:'aty belis. the husband went forward to the gverwing
= man who was sitting in seat 6B szid the exit was jammed. The hushand
Xit but was unsucccs:ﬁ:l The man in seat 6B appeared to be leaning over

2 on the floor. The husband said that his family then went aft along the right
! perween the seais and the wall, drawn by ihe feel of cold air. The husband

found paned. ;a*:'4 he and s wife pushf:d on it until a 4-foot cabin panel moved enough
w2l exit; he was uncertain at what seat row this opening was present. Smoke was
straiily he cabin ceiling 2s they exited. He did not recall seeing the flight attendant or

uring his egress.  After egressing, he pounded on the side of the
o gea out. When no one respended. he took his wife and
e Safety Board was not abie 1o determine why the man in

??

fihe difficul {_f the husband and wife experienced in removing their safety belts,
izators examined the safety belts in three Jetsream J-4101 airplanes operated
o Aidriines, and ‘0 r'd that they were manufacturad by the Pacific Scientific
a. Catifornia, o Technical Swandard Order (TSOY-C22{. The passengers’

5 %nc@rpomssd L"“:s é [ift release lever and were identified as Part Number
zfetv belt buckies which were inswelied on the flight attendant and cockpit
5 Encorperazed the 90° hft releace jever and were identified as Part Number
Sefcty Board couid not Geiermine whether the passenger seat occupied by the
0 bucﬂe. hut noted thar both buckle releases could be moved slightly

1'&‘

gn. The half that iz inseried consists of a
; omssas of a bottom plate and the top release
i provrusion so that when the insert half of the belt is
458 ieve ard the bottom plaie), the "D"-shaped hole

hed 1o xhﬁ same shaft as the release lever is spring-
zment ¢ he insert and the buckle. When the release
pm mher 1108460) position, it roiztes the lockbar,
o move upwaré and disengage from the protrusion in the

.-:53”0’} of the buckies, investigators found that when the safety belis were
n occupant’s waist, neither of the buckles would release consistently,

Unhied Stames relzase when the release lever has been
wire thai safery belts release when the relzase jever
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regardiess of how far the release levers were opened. Two specific conditions were identified that
vrevented the release. The first was the geometric relationship of the flat plate and the *D"-
shaped hale in the insert haif, and the “B"-shaped protrusion and the lockbar on the buckle half.
it was found that under some circumstances even with the fockbar rotated into the 'release”
position, the end of the flat plate on the insert half would contact the tockbar shaft so that the
insert would not lift completely off the *D*-shaped protrusion. This would happen when the
buckle/insert assembly was subjected to an cutward foad, causing a misalignment between the
two parts. With the release lever held in the normal release position. the insert could be
disengaged from the buckle if pulled outward to align the two parts. The second condition that
prevented release was when the release lever was pulied past its normal release position to its
fult opea position. In this case, the end of the release lever itself interfered with the end of the
insert and prevented the insert from being raised above the "1)-shaped protrusion on the bottom
plate of the buckle. This occurred regardless of the alignmen: of the buckle and insert.

On February & and 9. 1994, 'he Safety Board and representatives from the Federal
Aviation Administration’s (FAA) Aircraft Certification Managernent Office, Jetstream Aircraft
Company. Aiantic Coast Airlines, and the Ai; Line Pilots Association mes 10 examine the safety
belt refease buckles au the Pacific Scientific Facility. During this meeting, Pacific Scientific
demonstrated that the safety belts and release buckles met the requirements contained in FAA's
TSQ-C221, This demaonsiration consisted of a passenger safety belt placed around a body block,
and buckled, and then loaded i accordance with the TSG. Once it was demonstrated that the
safety beit complied wiin the TSG, a i-inch piece of dense foam was placed between the body
block and the safety bel: to represent the seat occupant': softabdominal tissue. "f‘ s found that
«x thic fozm pad in place and with the belt loaded to the requirements of the »the buckle
waeld not release Whsn its iever was opened. Further examination found that in order for the
buckle o release, the buckle assembly must tilt when the reiease lever was opened. However,
when the foam was placed berween the buckle and the body block, it prevented the buckle
zsxembly frem tilting, which rhen prevented the buckle from releasing. All of the representatives

agreed w this finding.

Although the restraint system me: the requirements of he TSO, the TSO does not wzke
inta zccount the effect that soft abdominal tissue exerting pressure on the release buckie may
haw on a person's ability io reiease a safety beit.

As 2 result of these findings, Pacific Scientific has begun to ¢xamine medifications 1o its
sefety belt buckle release mechanisms used on ail passenger, flight attendant, and cockpit
observer sezis. IS addition, Jetsiream Aircraft and Atlantic Coast Airlines have informed the
Safety Board that they intend 10 replace these. safety belts on all of e airplanes they operate in
tre nitzd Swates. However, according to Pacific Scientific. these iift release lever buckle safety
beltsystems were first introduced by Pacific Scientific In eariy 1952 and are widely used or U.S.
milary, trensposi-category. commuter-category, general aviation, and rotary wing aircraft.
There are appro..meiely 27,000 of the passenger ard crewmember restrain: systems of this
Cesizn m use worldwide,
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The Safety Board believes that all cperators that yse these passenger and crewmember
restraint systems should be notified of the Safety Boarc's findings, 2nd that the FAA should take
action to require the removal of this design and replacement with ressraints of a different design
as expeditiously as possible consistent with the avai:abitity of replacement buckles. The Safety
Board also believes that until these restraint system are ieplaced, she FAA should notify all
operators to inform passengers and crewmembers on how to release their safety belts based upon
the design deficiency found in this investigation.

Therefore, based on the above informztion. the Safety Board recommends that the Federa!
Aviation Administration:

Immediately notify alt operators of the Safety Board's finding. including the U.S.
Department of Defense and foreign governments, and require ail operators whose
sircraf!  have the uffected Pacific Scientific safety belt buckles to inform
passengers and crewmembers about 'he nced 0 align the buckle insert to assure
easy release of the safety belts. (Ciass I, Urgent Action) (A-94-67)

Issue an Airworthiness Directive to require the removal and replacement of ali
safe!); belts manufactured by Pacific Scientific for Part Number 1108435buckles,
with the 45° 1ift levers, and Part Number 1108460 buckles with the 8¢° lift levers,
with belts having buckles of a different design as expeditiously as possible,
consistent with the availability of repiacement buckles. (Class I, Urgent Action)
IA-94-68)

Amend TSO-C22f 1o incorporate procedures which would place material
representative Of SOft abdominal tissue between the test apparatus and the release
buckle 0 ensure that safety belts can be released when subjected to loads specified
in the TSO. (Class 1. Priority Action) (A-91-69)

Chairman “GGT, Vice Chairman COUGHLIN, and Members LAUBER,
HAMMERSCHMIDT, and HALL concvrred :n these recommendations.

By At W 1
Chairman



