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v-22: Testing '/~

“7:,

IS BELIEVING

Only the exhaustive flight testing currently under way on
the troubled tilt-rotor aircraft will determine if its flaws

have been corrected

he Pentagon’s controversial V-22 pro-

gram appears to be making a comeback

from a pair of fatal crashes in 2000 that
threatened to put it out of business. Flight tests
of the Bell-Boeing Osprey tilt-rotor aircraft re-
portedly have gone well since their resumption
last May, following a 15-month lull in which
the program was stringently reviewed and the
aircraft partially redesigned.

“We've made a big turnaround in the V-22
program,” Marine Corps Col. Daniel Schultz,
program manager for Naval Air Systems Com-
mand (Navair), asserted recently. “We're fixing
everything that needs to be fixed, and we're
right on schedule in the flight tests.”

Time will tell. The overarching purpose of
the flight test program is to demonstrate that
the tilt-rotor aircraft can perform to specifica-
tions and expectations while being flown safely
as well. Even though flight tests got off to a
good start, they have a long way to go and alot
to prove. The test program will not end until late
2004 or early 2005.

The DOD intends to let flight testing run its
course before deciding the [ate of the aircraft.
Defense Secretary Donald Rumsfeld said as
much late last year when asked whether the pro-

gram might be discontinued, sooner or later,

with flight tests still in progress. Remarking on
the V-22's “interesting capability,” Rutnsfeld
replied, “Why in the world would you put in
place a test program if you didn’t want to know
what the outcome will be?”

A transforming role

+ Current and contemplated changes in the oper-

ations and weapons requirements of U.S. armed
forces may make the V-22 more appealing.
Champions of the tilt-rotor transport plane con-
tend that it fits nicely into military transforma-
tion plans, and that it is especially well suited
to the far-ranging, swift-striking special opera-
tions missions and expeditionary campaigns that
lie ahead.

Bell Helicopter Textron and Boeing Heli-
copters are teamed as prime contractor. Bell
manufactures the wings, overwing fairings, em-
pennage, nacelles, and counterrotating, three-
blade prop-rotors. Boeing is responsible for the
aircralt’s flying qualities and builds the fuselage,
landing gear, avionics, and electrical and hy-
draulic systemns.

The Marine Corps plans to buy 360 MV-
22s; the Air Force wants 50 CV-22s for its com-
ponent of the U.S. Special Operations Com-
mand (USSOCOM). The Osprey is coveted for
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over the program and renamed the aircralt.
Prominent among the early doubters was
Richard Cheney. now vice president. As secre-
tary of defense, he moved 1o kill the V-22 in
1989, three years into its full-scale engineering

development, but Congress stayed his hand.
The program endured three crashes of pro-
totype aircraft in the early 1990s. Investigators
concluded that nlt-rotor technology had been
blameless in all of them, and the program sur-
vived. The V-22 was cleared

for engineering and manufac-
turing development (EMD) in
1994, and for low-rate initial
production (LRIP) in 1997,

The Marines are interested in
using the V-22 for both sea- and
land-based operations,

In 2000, two more fatal
crashes once again imperiled
the program. Early that year, a
Marine MV-22 nose-dived
into the ground, killing four
crewmembers and 15 passen-
gers. The accident was attrib-
uted to human error. Investi-
gators concluded that the
crew had allowed the aircralt
to fall prey to vortex ring state
(VRS), an aerodynamic phe-
nomenon induced by the
combination of low airspeed
and rapid rate of descent, re-
sulting in prop-rotor blade stall, unbalanced
lift, and loss of control.

The second crash occurred eight months
later, taking the lives of four crewmembers. It
was attributed 1o hydraulic system failure and
faulty software. As a result, DOD grounded the
V-22 and assembled a blue-ribbon panel of de-
fense and industry experts to review and cri-
tique the program.

Corrective measures

The panel identified a number of design prob-
lems, notably the crowded routing of hydraulic
and electrical lings. It recommended continuing
with V-22 production, but only at the minimal
rate necessary to preserve the Bell-Boeing in-
dustrial base, until the problems were cor-
rected. Several other independent review pan-
els weighed in with similar conclusions and
recommendations.

Near the end of 2001, Edward C. (Pete)
Aldridge Jr., undersecretary of defense for ac-
quisition, technology, and logistics, approved a
V-22 recovery plan devised by Navair and the
Marine Corps. The plan included aircraft mod-
ifications and a rigorous flight test program to
prove themmn out.
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At the time, Aldridge expressed “serious
doubts about the safety, reliability, and opera-
tional suitability of the V-22" and declared that
“the only way Lo prove the case one way or the
other is to put the airplane back into flight test.*
He emphasized that the testing would have 10

+ determine why the Osprey seemed susceptible

to VRS, and that it "must explore low-speed
hover, including the conditions of landing
where there's dust and debris blown up by the
props.” The testing should also explore the air-
craft’s “combat maneuverability,” and should
involve “formation flying, including refueling,”
Aldridge said.

“We will not be driven by trying 10 accom-
plish something within a certain period of time,”
the acquisitions chief declared.

The hydraulic failure that contributed 10
the December 2000 crash was the result of hy-
draulic lines rubbing against each other, induc-
ing friction and heat that caused one of the
lines to rupture. As a result, Navair and its con-
tractor team redesigned the hydraulic system,
providing ample clearance between lines in oz-
der to eliminate chafing and facilitate mainte-
nance. Hydraulic line clamps have been re-
designed to keep the lines from vibrating, and
have been treated with abrasion-resistance coat-
ing. Some hydraulic lines have been thickened
and strengthened.

All Marine Corps MV-22s and Air Force
CV-22s in the flight test program now incorpo-
rate the redesigned hydraulic systems, as well as
electric wiring repositioned for greater clear-
ance. In those aircraft, “nothing touches or rubs
against anything else,” Schuliz asserts.

Navair and its contractors plan to manu-
facture operational Ospreys in three successive
production blocks. Aircraft in each block will
embody all software upgrades and flight-safety
additions and modifications, including the re-

designed hydraulic and electrical systems and -

new devices 1o wamn pilots that they are de-
scending too rapidly and risking VRS. Such de-
vices could include a seat shaker, color changes
in cockpit displays, and aural alarms, Schuliz
explains.

The Osprey's rotating nacelles, linchpins of
dual-mode flight, have been redesigned to facil-
itate inspection and maintenance. Modifications
include a greater number of nacelle access doors
and rerouted prop-rotor gearbox lines.

Return to flight
The first V-22 test aircraft produced in the EMD
phase of the program returned to the air last
May at Patuxent River NAS (known as Pax




capabilities that improve upon those of conven-
tional helicopters: It can be flown great dis-
tances at night and in bad weather, and at low,
terrain-following altitudes to avoid radar detec-
tion. It can also be refueled in flight.

*This airplane is going to transform the
way the Marine Corps and the Air Force fly,”
Schulez declares,

The Marines would fly the Osprey from sea
or land bases as a troop or cargo carrier on
combat-assault and assault-support missions.
The Air Force would use it for insertion and ex-
traction of special operations forces, most no-
tably on long-range missions that must be car-
ried out within a single overnight period of
darkness. The V-22 is said to be tailor-made for
such time-urgent missions; it can {ly twice as
fast and twice as high as existing special opera-
tions aircraft, and three to five times f{arther.

"We need tilt-rotor technology,” declares
Air Force Gen, Charles Holland, commander-
in-chief of USSOCOM. The war in Afghanistan
left him “even more convinced of why the CV-
22 would best fit™ special ops requirements,
Holland says.

V-22 procurement could exceed that of the
Marines and the Air Force if the program finally
passes muster. The Navy has said it would like

to buy 48 HV-22s for sea rescue and replenish-
ment missions, but has put off funding pro-
curement until 2009 at the earliest.

NASA, which has long been interested in
developing a nonmilitary variant of the Osprey,
took part in reviewing and critiquing the v-22
program and has a leading role, as Navair's
partner, in the collection and analysis of flight
test data.

Powered by a pair of Rolls-Royce T406 en-
gines at its wingrips, the high-wing Osprey takes
off and lands vertically like a helicopter, with
engine nacelles perpendicular to the ground
and propellers operating as rotors, Once the
Osprey is aitbome, its nacelles rotate 90° for-
ward, tuming it into a turboprop aircraft. Much
of Osprey pilot training is focused on managing
the transition from helicopter mode 1o full air-
craft and back again.

“We're not training helicopter pilots or
fixed-wing pilots,” Schultz notes. “The V-22 pi-
lot is a very different kind of pilot.”

A problematic history
Critics of tilt-rotor technology have had misgiv-
ings about the flight safety and operational util-
ity of the V-22 ever since its inception as the
Army JVXin 1982, a year belore the Navy took
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River). Equipped with redesigned flight-control
and mission software, that Osprey will be trans-
ferred to the aircraft carrier Iwo Jima for addi-
tional testing later this year.

Last October, two more redesigned planes—
an EMD V-22 and an LRIP MV-22—joined the
test fleet at Pax River. The EMD model is being
used exclusively to test and verify tilt-rotor air-
craft behavior at low airspeeds and high rates of
descent conducive to VRS. It is expected to dem-
onstrate that the V-22 can descend as rapidly as
a helicopter without inducing VRS and blade
stall, Schultz explains.

Michael Tkach, vice president and director
of the Bell Boeing V-22 joint program office,
notes that the VRS-oriented {light tests will en-
gender an “exhaustive evaluation™ of V-22 per-
formance “on the basis of actual flight data in-
stead of theoretical models and computer
simulations.”

The first LRIP MV-22—a so-called “fleet rep-
resentative™ aircraft—at Pax River is configured
for parachute delivery of troops and cargo, and
R is being tested in that mode. It is also being

" used for V-22 pilot training and as a testbed for
$ new mission software. Marine test pilots praised
the craft’s performance after flying it to Pax
River from the Bell Boeing V-22 fina! assembly
plant in Amarillo, Texas, on a 5-hr flight at alti-
tudes up to 15,000 ft and at a true airspeed of
300 kt. By midsurnmer, four more LRIP MV-22s
will have entered the Pax River test program.

At Edwards AFB, Calif., one of the first two
CV-22 special ops prototypes resumed flight
testing last September. The other prototype is
undergoing anechoic-chamber testing of the
CV-22's integrated electronic warfare (EW)
suite, and is scheduled to begin test flights next
summer. Two additional CV-22s, both produc-
tion models, are scheduled to be delivered in
FYO05 for initizl operational test and evaluation
at Edwards.

The CV-22 weighs more and can fly farther
than the MV-22, and has been modified more
extensively. The vertical stabilizer of the Air
Force Osprey had to be rebuilt and strength-
ened to accommodate both the transmitter and
receiver antennas of the aircraft’s suite of inte-
grated radio frequency countermeasures. Both
had to be repositioned at the aft section of
the tail to eliminate interference and enhance
performance.

In addition, radar-absorbent material has
been applied to areas around other antennas,
and the aircraft's original 16-fi fixed refueling
probe has been replaced by an 18-ft retractable
probe that sits flush with the nose when not in

use. The Marine MV-22, which does not con-
tain an EW suite, also will be equipped with the
retractable probe.

Both the MV-22 and the CV-22 will carry
chall and flare dispensers. Each variant is
designed to embody a turreted, rapid-fire gun
system for self-defense, but program officials
have not decided when, or whether, to factor it
into procurement plans. The gun system would
add considerable weight, and weight translates
into cost.

Counting the cost
The flyaway unit cost of V-22s in the first pro-
duction block is projected at $68.4 million. The
program’s FY03 budger includes funds for cost-
cutting initiatives as part of a long-term effort to
make the Osprey more affordable and more ap-
pealing to those who will decide its fate. Addi-
tional modifications to cut weight and cost,
without compromising capability, are expected
throughout the production process, officials say.

“Affordability is very important,” asserts
Air Force Col. Craig Olson, deputy V-22 pro-
gram manager. “We're always looking for ways
to take weight out of the zircraft.”

For now, though, the Osprey’s cost is of
less concern to Pentagon decision makers than
its performance and flight safety. After flight
tests resumed last year, Aldridge told reporters
that he had “some real problems with this air-
plane” and was "skeptical” of their resolution.
Later on, the acquisitions chief let it be known
that he had not changed his view, despite re-
ports to the contrary. A

The CV-22 is suspended in the
anechoic chamber at Edwards
AFB for electronic worfare test-
ing. Photo by Rob Bardua,
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icroelectromechanical systerns (MEMS) con-

tinue to find new applications in virtually

all areas of technology, including aero-
space engine control. They even serve as minia-
ture propulsion systems in their own right.
While much of this activity remains in the
realm of R&D, the prospects already are seen as
revolutionary.

“Given the potential of this technology, it
ranks as high in priority as any other for
DARPA," says Clark Nguyen, the agency's
MEMS program manager. “Its potential to take
us places well beyond where we are today is
just too large to ignore.”

Alan Epstein, who has been heavily in-
volved in MEMS development as a professor in
MIT's Dept. of Aeronautics and Astronautics,
agrees with Nguyen: *I think it can transform
aerospace. Technology will allow the creation
of smaller and smaller aerospace systems—
and one of those technologies is MEMS.

“1 think in five years you will have
microturbines for microairplane pro-
pulsion, and microrocket engines
available for either space propul-

Major new thrust for
MEMS engines

sion on orbit or very small launch ve-
hicles—perhaps the size of an AIM-9—
that could put a pound or two into low
Earth orbit,” says Epstein. *NASA for years
has pursued low-cost access to space, by which
they mean low cost per pound to orbit. MEMS
lets you expand that definition to low cost per
mission. So MEMS propulsion, combined with
MEMS gyros and GPS guidance and all the other
microdevices, could put a couple of pounds
into orbit for around $50,000. The cost per
pound isn't lower, but you can redefine the
sorns of missions you have in space.”

The first preliminary test of a digital pro-
pulsion microthruster in space was conducted
by TRW Space & Electronics, teamed with
The Aerospace Corporation and the California
Institute of Technology, during the second
phase of a DARPA-sponsored digital micro-
propulsion project.

“We put two arrays of digital propulsion

by J.R. Wilson
microthrusters in a can, put the can on a rocket,

Contributing writer

i

34 AEROSPACE AMERICA/FEBRUARY 2003

and at the apogee of the rocket fired the
thrusters and proved their function in a ballistic
free-flight trajectory,” says David Lewis, TRW's
project manager. *We fired more than 20 indi-
vidual microthrusters during that test. We did
not make performance measurements; we were
simply confirming the functionality in space.
To the extent that they impart impulse or mo-
mentum to a body in space, we believe the
Earth-based tests we've done have proven that.”

Satellites and more exotic uses
Lewis says such microthrusters eventually will
be extremely important to the development of
femto (less than 100 g), pico (up to 1 kg), nano
(up to 10 kg), micro (up to 100 kg), and mini-
satellites (up to
500 kg).

could be
adapted for use
on medium (500-1,000 kg) and large (1,000 kg
and up) satellites. But satellites are not the only
potential application.

“Right now, the diameter of the thrust
chamber of our unit is around 100-200 pm,”
says Lewis. “The Z-axis direction can be any-
where up to 2 mm, depending on the total pro-

pellant mass you want 10 incorporate. There are

emerging DOD missions where small volume is
desirable or essential. Missile defense is one of
those. We believe these microtechnologies serve

those mission needs. The small total volumes -

available for satellites using MEMS technology
provide real advantages to boost and midcourse
interceptors.”

Copyright® 2003 by the American Institute of Aeronautics and Astronautics.
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V-22 Osprey’s record comparable to other aircraft

By Robert Charles
Former staff director to the U.S. House of
Represenatives’ Natonal Security Subcommittee

efore Congress prematurely amputates

V-22 Osprey’s technology from the
body of U.S. defense, the flight test
performance of other visionary prototypes
should be considered. In historical context,
the record of the V-22—four accidents in
nine years of development—appears neither
better nor worse than many parallel projects
of lasting value to the nation’s defense,

Inlight of recent events, that comparison
is understandably hard to accept, especially
for families of the 23 brave Marines who
perished in last year’s Osprey crash. Those
families have a point—flight testing should
continue until there is widespread confi-
dence that this unique asset is prepared to
safely take brave Marines into combat.

In a broader sense however, innovative
aeronautical design and flight testing is
always risky. The more humans involved,
the riskier it is.

By way of example, in 1948, the U.S.
lost 13 brave pilots in military flight-testing
accidents, most flying traditional fixed-
wing aircraft. That was also the year Capt.
Glen Edwards died crash-landing his YB-
49 Flying Wing. Today—due in part to his
effort—we have a highly capable, state-of-
the-art B-2 Stealth Bomber.

We also have Edwards Air Force Base to
remind us of the price paid by those who
wring out prototypes on their way to
operational success.

In the years immediately thereafler, the
U.S. tested increasingly innovative air.
frames, including the X-15 and X-2, paving
the way for the SR-71 Blackbird, a plane
capable of Mach 3, as well as other
supersonic aircraft part of today's standard
air arsenzal. These developments, too, came
at sobering cost.

In 1956, Capt. Iven Kincheloe soared in
the Bell X-2 to a record-senting 126,200 feet.
Just weeks later, in the exact same plane,
Capt. Mel Apt exceeded Mach 3, but
promptly perished when his X-2 tumbled out
of control. Novel technologies carry dispro-
portionate risk. In fact, despite remarkable
flights in the X-15 by pilots like Chuck
Yeager, Scott Crossfield and Neil Armstrong,
there were also wincing X-15 crashes.

Mr. Armstrong puts one in mind of the
Apollo Program that began in the 1960s,
and aeronautical innovations in multi-stage
rocketry. Today, Americans go to the Space

Station by Shuttle, but not without painful
memories of Apollo One, which ended the
lives of three superb aviators and astro-
nauts, E4 White, Gus Grissom and Roger
Chatfee, or more recently the Challenger
crew. [n both cases, technology was
advancing rapidly, and an unforeseeable
glitch among thousands of mission-critical
parts precipitated sudden catastrophe.

And in both cases, the program was
strengthened by the unforgettable starkness
of the event, A deep reality was the same
then and now—progress in aviation is
necessarily hazardous; those who press the
envelope for the sake of the program are, by
absolute definition, heroes. In fact, while
practicing moon landings on Earth, Neit
Armstrong’s own vertical take-off platform
malfunctioned. He barely escaped with his
life, as the platform crashed and burned.

On a more mundane level, military flight
training—largely underfunded in presiden-
tial budgets over the past half decade—
carries its own costs. Between 1997 and
2001, for example, the U.S. Army experi-
enced 26 class A aviation accidents, each
one costing at least a million dollars or
causing a fatality. In the same period, Army
class B aviation accidents—more than
$200,000 in damage or placing five or
more people in the hospital—totaled 13.

Berween 1999 and 2000 alone, Army
aviation accidents in class A rose by 75
percent, while Army aviation class B
accidents rose 600 percent. Why? Inherent
risk, together with how many dollars are
dedicated 1o pilot training and op-temp,
both affect the ultimate price of progress.

Finally, the opportunity cost of not
getting back up—painfully perfecting and
methodically pressing forward the
Osprey—is high. Alternative rotor and
fixed-wing airframes are less capable, more
costly to maintain and fast aging. The
Osprey requires complete wringing out—
that much is self-evident. But that is
precisely the conclusion reached when the
F-18 E/F fighter had to re-prove itself after
discovery late in development of serious
wing drop and wing baffle problems,

The realities that should govern the
Osprey debate now are timeless. First,
every life is precious, indeed priceless.
Second, acrodynamic engineering is
uncertain and cannot be completed in wind
wnnels or on computer simulators. Test
piloting is required, and crashes are a
tragic, sometimes unavoidable, part of that

noble profession.

Neither war-fighting nor flighttesting is
for the faint of heart. In the shadow of these
stark facts is one final, quict truth.

To abandon the future in the name of
caution is an illusion more dangerous than
embracing the uncertainty in progress, no
matter how frightening that uncertainty is.

Mere, as elsewhere, the Marine Corps
§lymn is the final word: “In many a strife,
we've fought for life, and never lost our
nerve.” That spirit embodies the men who

died in the Osprey—and it should embody
our approach to the Osprey’s future.

Copyright 2001, News World Communicabons,
Inc. Reprinted with permissicn of The Washing.
ton Times. March 13, 2001.

Top Marine speaks on V-22

By Linda DeFrance
Copyright, Aerospace Daily. Reprinted with
penmnission of the McGraw-Hill Companies.

lthough Gen. James L., Jones, the

Marine Corps’ senior leader, believes a
decade of studies has shown the V-22
titrotor Osprey to be the best solution to
meet Marine Corps mission requirements,
he said his service is not blinded by its love
of it

“1 would resist, with all my moral fiber,
the idea that we would willingly or
knowingly try to bring aboard a pmgmm——J
V-22 or anything else—and so fall in love
with the program that we would put people
at risk to ride in those vehicles,” Jones said
at a forum Tuesday night, “We just simply
wouldn’t do that. And I don’t think we’ve
done that,”

Top Marine Corps officials have been
criticized for wanting the V-22 at any cost,
following two fatal accidents last year that
killed a total of 23 Marines. Currently, the
program is under several simultanecus
reviews: a program-wide Defense Dept.
independent review panet; a DOD inspec-
tor general Jooking into maintenance
record falsification charges; accident
investigations into the Dec. 11 crash; and
also likely Secretary of Defense Donald
Rumsfeld’s sweeping review encompass-
ing all military programs,

While some reports in the press have
said Jones ordered his own review seeking
alternatives to the Osprey in fight of its

Top Maring Cont. on Page 4




o7/RA1 / 2000

R Pomberdrey—— B0=700 .
B B B N )
S
e




7/21/00

Transportation Safety Board
Aviation Safety Information System (ASIS)
Data Printout - Aviation Occurrence A0000150

This printout is issued to provide information on the general circumstances of this occurrence. The information is based upon details provided by participants
and other data uncovered to date by the investigation staff. The Transportation Safety Board of Canada (TSB) gathered this information for the purpose of advancing
transportation safety. It is not the function of the TSB to assign fault or to determine civil or criminal liability.

A word of caution, some of the information in this document is 2s provided to the TSB and has not been subjected to further confirmation. Also, the investigation
may still be in progress, and therefore, the information is subject to change.

Occurrence Type: INCIDENT REPORTABLE Class: CLASS 5
Reportable Incident Type: D. DIFFICULT TO CONTROL

Location: CYYZ TORONTO/LESTER B. PEARSON INTL

Country: CANADA Province: ONTARIO

Date: 21-JUL-2000 Time: 14:50

Aircraft Operator Aircraft Model Registration
BOMBARDIER INC. BD-700-1A10 C-GGKA

Injuries Serious Minor None
Crew 0 0 2
Passenger 0 0 0
Ground 0 0 N/A
Total 0 0 2

—ata Printout 31-Jul-2000




Transportation Safety Board
Aviation Safety Information System (ASIS)
Data Printout - Aviation Occurrence A0000150

Aircraft Data Registration: C-GGKA
Operator; BOMBARDIER INC.

Type of Operatorr  MANUFACTURER

Type of Operation: EXPERIMENTAL/TEST

Make: BOMBARDIER INC.
Model: BD-700-1A10 Category: AEROPLANE
Common Name: GLOBAL EXPRESS Damage: NONE
Injuries Fatal Serious Miror None Total
Crew 0 0 0 2 2
Passenger 0 0 0 0 0
Total 0 0 0 2 2
Individual Information Crew Hours

All Types This Type
Individual Type Licence Type Seat No Total Last 90 Total Last 90
PILOT-IN-COMMAND 0 0 0 o

Occurrence Summary

A0000150: C-GGKA, A GLOBAL EXPRESS AIRCRAFT, WAS RETURNING TO DOWNSVIEW AIRPORT FOLLOWING ITS FIRST PRODUCTION TEST
FLIGHT WHEN THE FLIGHT CREW FOUND THAT BOTH ELEVATORS WERE JAMMED. THE FLIGHT CREW WERE NOT ABLE TO DISCONNECT THE

mmfl EVATORS SO THE LANDING WAS ABORTED AND THE FLIGHT WAS DIVERTED TO TORONTO, LBPLA SINCE BETTER ERS WAS AVAILABLE.

— THE CREW DECLARED AN EMERGENCY AND WERE CLEARED TO LAND AT LBPIA. DURING THIS TIME THE ELEVATOR TRAVEL WAS LIMITED

~ T01TO 2 DEGREES IN EITHER DIRECTION, AND THE STABILATOR TRIM DID NOT PROVIDE THE AMOUNT OF TRAVEL REQUIRED FOR
LANDING. THE FLIGHT CREW USED A COMBINATION OF THRUST AND PITCH TRIM TO MAINTAIN CONTROL OF THE AIRCRAFT. AT SOME
POINT PRIOR TO LANDING, THE CREW MANAGED TO BREAK LOOSE THE RIGHT HAND (RH) ELEVATOR ALLOWING THE AIRCRAFT TO TOUCH
DOWN AT A HIGHER THAN NORMAL SPEED (APPROXIMATELY 140 KNOTS) WITHOUT FURTHER INCIDENT. IT WAS REPORTED THAT THE
TOUCHDOWN WAS FIRM.

AN COMPANY CONDUCTED INVESTIGATION REVEALED THAT AN UNFLAGGED RIGGING PIN, WHICH IS ROUTINELY ONLY PARTIALLY
REMOVED DURING ELEVATOR RIGGING (BECAUSE IT IS VERY DIFFICULT TO INSERT IN THE QUADRANT HOLE AGAIN) WAS NEVER REMOVED
BEFORE FLIGHT FROM THE QUADRANT UNDER THE FLIGHT COMPARTMENT FLOOR. DURING THE PILOTS' COMBINED EFFORTS TO BREAK
LOOSE THE JAMMED ELEVATORS, THE END OF THE PIN WAS SHEARED OFF ALLOWING CONTROL OF THE R/H ELEVATOR. IT IS BELIEVED
THAT THIS PIN VIBRATED INTO THE ELEVATOR CONTROL MECHANISM DURING FLIGHT, PREVENTING NORMAL ELEVATOR TRAVEL. THE
REASON WHY THE ELEVATOR DISCONNECT DID NOT FUNCTION WHEN SELECTED IS STILL UNDER INVESTIGATION BY THE COMPANY.

ALL AIRCRAFT IN FLIGHT STATUS AT ALL BOMBARDIER TORONTO FACILITIES ARE GROUNDED PENDING A FULL INSPECTION OF THESE
AIRCRAFT FOR FULL FLIGHT CONTROL TRAVEL AND THE REMOVAL OF ALL RIGGING PINS BEFORE BEING RELEASED FOR FURTHER FLIGHTS.

—ata Printout Page: 2 31-Jul-2000
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2000,10-11 01:43PM #229 P.02/07

From: Kart & Erin Berg
S.nt; __WQ__¢'SM~oy, Oc:fnhFtf 04. ,ixx) )1J7 PM
To:

Subject: The exciting world of flight test

Ciao, Tutti - Hello, Everyone!

If you haven't heard through the grapevine, two weeks ago the 1st C-27 J prototype crashed while
performing a test during landing in Turin. Both Pilots and the FTE (onboard only for ballast)
walked away with no injuries and no one on the ground was injured. The past 2 weeks | have
been assisting in the investigation of the accident, and though the final analysis is not complete from
vendors etc., | plan on giving you the information on the accident to get your opinions and to give
you all something to think about. It has been great learning experience investigating this accident.

Working in Flight Test/Aviation, none of us look forward to accidents of any kind. but they give
everyone the opportunity to evaluate what happened and learn from the mistakes/misfortune of others. In
this email, | will explain the circumstances of the accident. The aircraft. the test, and the pilot
comments. | look forward to hearing your thoughts on the situation and ideas of what the problem was and
how it was handled. On Friday | will email the findings of the investigation and what actually
happened. Enjoy!

The Aircraft;

The C-27J is a small 2 engine (turboprop) military tactical transport with a MTOW of 60,000 Ib.
and MLW of 54,000 Ib. It is a variation of the G-222 or C-27A. The main differences are new landing gear,
APU, ECS, flight control system, avionics suite, and engines -- very similar to the DC-9 vs. 717. The
first prototype (the one that crashed) however, only incorporated the engines and flight control
system modifications. The engine control was provided via an independent engine control system.
While the data bus architecture was not the same as the production standard, it provided identical
engine control. This was not a factor in the accident. The flight control modifications primarily
incorporated an increase in rudder authority to counteract the increased thrust of the engines and
a g-feel system. The engines are Allison AE2100Ds with 6 blade propellers that produce 4700
hp at takeoff. These are the same engines used on the
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SAAB 2000 and similar to those used on the C- | 30J.

Up until the accident. all systems were functioning properly with no anomalies noted in many flights.
All of the FTI was in good condition and calibrations were up to date.

The Test:

The test to be performed was an Engine Throttle Transient. The requirement was an RTO at 135 kts. It had
been agreed among design, flight test, and the pilots that this test point could be accomplished during
landing. The purpose of the test was to demonstrate FADEC power management and engine response
characteristics. This test point was being performed after build-ups at 120, 125, and 130 kts. The procedure

was as follows:

1. Perform a normal landing.

2.After touchdown, select Flaps 1 (takeoff flap selling. to decrease lift and thus increase wheel loading).

3. Select takeoff power and accelerate to 130 kis.

4. At 130 kts, chop the power to ground Idle.

(In earlier testing, an acceleration of about 5 kis. occurred after reducing power from MTO so the target
chop speed was thus 130 not 135.)

5. Wait 3 sec. then select MAX REV and stop.

As far as the aircraft systems and engine performance/operation were concerned, this was considered a low
risk test. As Pat Nightingale pointed out to me any test that is above taxi speed isn't really considered low
risk from the test execution point of view. Turin airport is generally not busy and has a 10,000 ft. runway (I
think 60 m wide) which is plenty long and wide enough for this test with this aircratft.

Pilot Comments:

The pilot in command had the following comments:

The landing was normal. After landing, flaps 1 was selected end then takeoff power. They accelerated to
130 kts., chopped the throttles to ground idle, and began counting to 3. Everything seemed normal. After
counting to 3, the throttles were chopped to max reverse. At this point, the pilot said he felt a strong tendency
for the aircraft to veer/yaw to the right. He said he applied full left rudder and increased power, and felt he
was recovering the aircraft. He then reduced power again and the aircraft again began yawing/veering to the
right. With full rudder, the aircraft continued to the right. He increased power again, but the aircraft was still
going right. At this point, | think the aircraft departed the runway and he began using crash procedures -- one
of which Is to put the throttles to ground idle. When the aircraft stopped, he pulled all three fire handles
(engines 1,2 and APU) and egressed the aircraft.
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It was a clear day, and they landed with a 5 kt. tailwind. The aircraft ended up outside of the airport
fence in a cornfield 200m off the right side of the runway. The copilot added no comments.

Think about what the problems could have been and how you would have handled the situation. | will

send the failure and timeline of events in a couple days. I look forward to hearing your thoughts on/analysis of
the events and what you would have been looking for during the test.

Fly/Test Safe!
Ciao,

Karl
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From: Karl & Erin Berg

?ent: ~0y. October M. 200) 1 :A, YM
0.
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OK, so this message didn't go out on Friday. What can | say? I'm In Italy and it's effecting my mind ...

So what happened?

Everything was normal through touchdown. When the pilot increased the throttles to takeoff power,
both FADECs on the left engine received a “left power lever angle sensor fault.” When this happens, the
FADEC takes the last good PLA received, which in this case was takeoff power. At this point the -PWR
LEVEL 1 FAIL- message appeared on the engine display. The power was at takeoff for a total of 10
seconds to accelerate to 130 knots before chopping to ground idle. When the throttles were chopped to
ground idle. the left engine remained at takeoff power. The pilot counted to 3 (ssc.) and then selected max
reverse. Three seconds was how long it took for the engine (propeller) to bleed off enough thrust to make
the asymmetric power noticeable. The data shows that at the same time the pilot was selecting max
reverse, the left rudder deflection was increasing to full pedal. This is why the pilot associated the yaw with
max reverse. He stayed in max reverse for 2 sec., then Increased power to flight idle, then to takeoff power
to recover the aircraft. Four seconds later the amount of rudder was decreasing and the - pilot seemed to
have recovered the aircraft. (This is confirmed on the cockpit tape.) They were now at about 110 kts. At this
point the pilot selected max reverse again. We lost data here for 7 seconds...convenient, huh? When the
data came back they were at about 90 kts. (Vmcg approx. 83 kts.) Throttles were again at takeoff power;
there was full left rudder with decreasing sideslip, and the left engine was still pegged at takeoff power.
Shortly after this point we believe the aircraft left the runway and they were basically along for the ride. As
one would expect, when they decreased below Vmcg the slideslip began increasing. The voice tape
shows they applied the brakes. but what I think really stopped them was a muddy field. The left engine
remained at takeoff power until they had a propeller strike. All of the propellers were lost on both engines
(including an instrumented prop. for propeller blade strain testing). The nose gear collapsed and they
struck one wing tip, if not both. When the aircraft left the runway, there was more than 2,000 ft remaining.
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There was more damage to the aircraft, but | have neither seen the plane nor been Involved in that part of
the Investigation. From a flight test standpoint, the aircraft is a loss and all remaining testing has been
rescheduled on the other 2 airplanes. | don't know whether they will be able to repair the aircraft to fly

again.

Why did the FADECs receive the power lever angle sensor faults? We are still waiting for this answer. It has
been determined that the throttle quadrant was the problem, and the vendor was supposed to have
analyzed the quadrant at the end of last week. At this point we are sure that the logic in the FADEC and
the tolerances of the throttle quadrant and FADEC complement each other in such a way that the fault
was not because a tolerance was too tight or there was a software glitch. This was a hardware problem.

The preflight brief did not really contain any test-specific safety brief. | don't know Lockheed's procedures
for safety briefings (this test was requested by them), but I know Alenia’s is VERY relaxed and this is
something that Madelene and | have discussed many times.

So we know what happened and where the problem was, but was the loss of the aircraft avoidable? This
is the question that I've been asking myself. After an accident, it's easy to be critical when looking at the
data. Since | am not a pilot, | hesitate to criticize the crew's actions, and state should haves. With that
said, | think that a huge factor in this accident It that neither pilot said anything about the engines during
the post-flight brief. Is this because they forgot, or is It because neither of them looked at the engines
during the accident? After the pilot increased the throttles to takeoff power, they were there for 10
seconds. More than half of that time they had a failure message. If they did not have this failure message,
wouldn't the engines be something that a pilot would at least glance at when he notices a strong tendency
for the aircraft to yaw? Also, the pilot said he associated the yawing tendency with reverse thrust. Then
why, after he recovered the aircraft, did he select reverse thrust again?

My personal opinion is that the aircraft could have been recovered had the pilots realized the problem.
Do you (pilots especially) think that | am simplifying the problem here or could the accident have been

avoided by a quick scan of the cockpit? As with before, | look forward to hearing any
comments/questions you have regarding this.

Regards,

Karlo
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Jet crash kills 2 Oct 10, 2000

3rd crew member hurt in ill-fated test flight ?’-ﬁ%

Wichita Eagle staff

Two members of a Bombardier test-flight crew became the first aircraft casualties at Wichita's
airport in 27 years when their Challenger 604 jet crashed Tuesday on Tyler Road shortly after
takeoff.

The men's names were not released Tuesday night, and a third crew member was in criticat
condition at Via Christi Regional Medical Center-Sf. Francis Campus.

The crew of two pilots and a test-flight technician departed from Mid-Continent Airport on what
Bombardier described as a routine high altitude test. The plane took off on Runway 19 Right
northwest of the terminal at 2:49 p.m.

“They weren't in the air but a matter of a few seconds,” said Bailis Bell, director of airports for
the Wichita Airport Authority. :

The plane crashed on Tyler Road, tethering a chain-link fence from the east side of the road that
tangled around the jet as it burst into flames.

Nearby airport rescue squads hurried to the scene, where they fought to extinguish the bumning
wreckage. They found the three trapped inside by a jammed main entryway, said Capt. Paul
Moore of the airport police and fire unit.

"You could hear the screaming inside," said Moore, who was among the first to arrive.
The city airport last saw death in 1973, when three perished in two separate crashes.

Commercial flights were not interrupted Tuesday, said airport spokeswoman Angie Prather. A
grass fire shut down the west side of the runway, but the east side remained open.

Rush-hour traffic snarled on West Kellogg between Ridge and Maize roads and shut down the
southbound lanes on Tyler from Maple just as workers from the Bombardier plant were ending
their shifts. Police plan to block off traffic on Tyler today from Harry Street to Yosemite Drive.
"People need to avoid Tyler,” Deputy Chief Stephen Cole said Tuesday night. "We won't et
them through until they get that aircraft moved.”

Police expected to guard the road throughout the night, Cole said, because officials need to
determine if there's any damage to the street from the fire. The crash left the plane’s engine in
the middle of the street and charred grass on both sides of Tyler. Only local traffic will be
allowed through the area.

The initial crash rocked the nearby office of the National Weather Service, quaking the lights
overhead. "Basically, the last time the building shook like that was when the DeBruce elevator
exploded. So we knew something like that had happened,” said Chance Hayes, warning
coordination meteorologist.

The rumble sent rescuers racing toward the billowing smoke,




"They were buming alive,” Moore said. Moore grabbed an ax off a fire truck and broke out the
windshield so firefighters could spray water and foam inside. "I just kept yelling back for them to
just hang on, hang on,” Moore said. The firefighters quickly extinguished the flames, Moore
said, but they had to cut through the fuselage to reach the men inside.

“It's a well-built plane.... It's a tough one to crack open,” he said. "There’s no doubt in my mind
we did everything we could."

Wichita police provided traffic control to help the 72 emergency vehicles summoned with the first
call at 2:52 p.m. and the later rush from Bombardier employees leaving work.

"We let people out from Bombardier at 4 and blocked off to the south at Yosemite and Tyler,"
Cole said. Police detectives began interviewing witnesses to collect names for the Federal
Aviation Administration.

Officials from the National Transportation Safety Board arrived to begin investigating the
accident Tuesday night.

Felix Lococo, manager of the Federal Aviation Administration Flight Standards District office,
said he expected help from Transport Canada — the Canadian equivalent of the FAA — because
it licensed the plane.

Bombardier Aerospace executives also arrived in Wichita on Tuesday night from the Business
Aviation Association’s annual trade show in New Orleans.

"We will not speculate on its cause or circumstances,” said Jim Ziegler, vice president and
general manager of Bombardier Aviation Services and Learjet Operations.

The plane operated as Challenger Test One. Each area test pilot receives a test flight number.
Because they fly so many different airplanes, having a call sign helps cut down on confusion for
pilots and flight controllers.

Company executives said the plane flew exclusively for altitude testing in the Challenger 604
development program and had been in service since 1994 with 1,227 hours during pre- and
post-certification testing.

The Challenger series has a safety record better than industry standards, said Robert E.
Breiling, owner of Breiling & Associates of Boca Raton, Fla. His company tracks crashes of
turbine engine airplanes and helicopters.

Still, those who fly know the risks and many were touched by Tuesday's tragedy.

“There is a high level of danger involved," said Lt. Ben Frankenfield, a spokesman for
McConnell Air Force Base. "As for those who have lost their lives, it's tragic. We feel for them
and we're praying for their families.”

Bombardier plans to suspend test flights today in memory of the crash victims.
Reporting: Deb Gruver, Stan Finger, Hurst Laviana, Molly McMillin,

Dennis Pearce, Tim Potter, Novelda Sommers, Ron Sylvester, Beccy
Tanner, Roy Wenzl.
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Challenger 604
Backgrounder Statement

Statement for October 11, 2000, 4:40 p.m. EDT

Statement for October 10, 2000, 8:50 p.m. EDT

Challenger Accident Briefing October 10,2000
Date and time; October 10, 2000, 9:30 p.m. CDT

Location: Media Centre
Airport Hilton in Wichita

Participants: Jim Ziegler
Vice President and General Manager
Business Aviation Services and Learjet Operations

David Franson

Director

Public Relations and Communication
Learjet

Thank you ali for joining us here at this late hour. While we don't have a great deal
of new information, let me start by saying that all of us at Bombardier want to
express our sympathy and concern to the loved ones of the victims. The members
of this crew are our colleagues and our friends and this accident touches all of us
deeply. Upon being notified of the accident in New Orleans at approximately 3:45
p.m. CDT, senior managers from both Wichita and Bombardier Aerospace
headquarters in Montreal immediately departed for Wichita. We are currently
meeting with our Bombardier Flight Test Center employees.

As you already know, the aircraft involved in this afternoon's accident was a
Challenger 604 flight development aircraft. It was, in fact, built in 1994 as the
prototype and had accumulated 1227 hours during pre and post-certification
testing for that program. It was equipped with both a Flight Data Recorder and a
Cockpit Voice Recorder. We expect them to be recovered in the near future, when
a team from the National Transportation Safety Board arrives. Our accident
investigators are standing by to assist them.

Needless to say, we are still in the very early stages of reviewing the facts of this
accident. We will not speculate on its cause and circumstances. In closing, on
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Aircraft Accident Brief

Accident Number: CHIOIMAOQO06

Aircraft and Registration: Bombardier CL-600-2B16 (CL-604), C-FTBZ
Location: Mid-Continent Airport, Wichita, Kansas

Date: October 10, 2000

Adopted On: April 14,2004

HISTORY OF FLIGHT

On October 10, 2000, at 1452 central daylight time, [1] 2 Canadair Challenger CL.-600-2B16 (CL-604)
(Canadian registration C-FTBZ and operated by Bombardier Incorporated) was destroyed on impact
with terrain and postimpact fire during initial climb from runway 19R at Wichita Mid-Continent Airport
(ICT), Wichita, Kansas. The flight was operating under the provisions of 14 Code of Federal
Regulations (CFR) Part 91 as an experimental test flight. [2] The pilot and flight test engineer were
killed. The copilot was seriously injured and died 36 days later. [3]

A review of air traffic control (ATC) and cockpit voice recorder (CVR) transcripts from the accident
flight indicated that the pilot in the left seat was performing the pilot-in-command (PIC) and pilot-
flying (PF) duties and that the copilot was performing the radio communications and other related pilot-
not-flying (PNF) duties. [4] The flight test engineer was to perform test flight configuratton and
monitoring duties at his workstation in the cabin. The flight crew was to initiate a standard takeoff and
climb and conduct flight testing of modified pitch feel simulator (PFS) units {5] above 8,000 feet above
ground level (agl) . {6] The test required that the airplane be configured with an aft center of gravity

(cg).[7)]

The accident flight was the second flight to collect data to obtain certification by the United Kingdom’s
Civil Aviation Authority (CAA) for two customer airplanes in the United Kingdom. Following the first
flight in 1999, the CAA provided a list of unacceptable items that Bombardier needed to correct before
the Challenger 604 could obtain CAA certification, including modification of the PFS units. [8]

On September 29, 2000, about 1806, the airplane returned to Wichita from other flight test operations in
Fairbanks, Alaska, and was not flown for about 1 week in preparation for the flight testing of the
modified PFS units. On October 6, 2000, the production PFS units were removed and the modified PFS
units were installed. The airplane was loaded with 1,100 pounds of water ballast and 734 pounds of tail
ballast for an aft c.g. test configuration.

A ground test with the modified PFS units was performed to determine the control column travel needed
for full elevator travel in both directions. The test also repeated the baseline tests that were previously
conducted with the production PFS units. The ground tests were designed to measure and record force at
the control column in pitch at different column positions and at different stabilizer positions. Two

http://www.ntsb.gov/publictn/2004/AABO40 1.htm 11/4/04
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systems engineers from company headquarters in Montreal (who also attended the preflight briefing for
the accident flight) were present during the static ground tests. Documentation indicated that no
anomalies were noted with the PFS installations.

About 1330 on October 10, 2000, a preflight briefing was held at the Bombardier Flight Test Center
(BFTC) for the first flight with a modified PFS aboard the airplane. The preflight briefing was attended
by the three flight crewmembers, a BFTC aircraft controller, a systems engineer, an avionics engineer,
the project engineer, and the two systems engineers from Montreal. The BFTC aircraft controller stated
that the briefing had been postponed several times because the airplane was not ready. However, he
added that there was no rush to fly that day and that the airplane had no outstanding maintenance items
when it was released about 1330.

Statements from briefing participants indicated that several minutes before the briefing, the accident
pilot asked the accident flight test engineer to obtain a risk analysis from BFTC’s manager of flight test
operations and safety. The manager of flight test operations and safety stated that he first leamed about
the test flight at this time. He stated that he assessed the flight’s risk level as low because the airplane
was operating within its ¢.g. range and because “the modification was stabilizing.”

The briefing began with a description of the airplane’s configuration and the presentation of load sheet
information. The accident copilot reportedly asked, “why are we so far aft?”. The flight test engineer
responded that this configuration (with the production PFS units) was previously flown on airplane
number 5991 (the accident airplane) with the CAA test pilot during the 1999 flight test. The flight crew
reportedly responded, “okay.” The briefing continued with a presentation comparing the charactenstics
of the production PFS and modified PFS units. The pilot reportedly stated that the airplane was going to
“handle like a pig.” According to briefing participants, flight test maneuvers and procedures to address
potential anomalies in the modified units were not discussed. The briefing concluded about 1400 and
flight crewmembers boarded the airplane about 1415.

At 1420:33, the CVR recorded a sound similar to several warmning systems being checked, followed by
the “before engine start” checklist items and conversations about the airplane’s systems. The right
engine was started at 1432:07. The PIC performed two flight control sweeps at 1434:24. The first sweep
included the aileron, rudder, and elevators. The second sweep was a slow control sweep of the elevators.

19

At 1448:45, the tower issued a takeofT clearance and instructed the flight crew to fly a heading of 230°,
[10] At 1449:21, the pilot stated, “okay, here we go,” and a sound similar to an increase in engine RPM
was recorded 2 seconds later. At 1449:29, the pilot stated, “set thrust,” and the copilot responded, “thrust
set” 6 seconds later. At 1449:37, the copilot called out “airspeed’s alive eighty knots.” At 1449:48 the
copilot called out “V one™ (takeofT decision speed) and “rotate™. The pilot responded, “okay, we’re
flying,” followed by the copilot calling out “V two” (takeof¥ safety speed).

At 1449:51, the CVR recorded a sound similar to stick shaker [11] for 2.2 seconds, during which time
the pilot stated “whew,” and the flight test engineer stated “what are you doing?”. The CVR then
recorded the mechanical voice waming “bank angle™ [12] and a sound similar to stall aural wamning for
1.1 seconds at 1449:53. “Bank angle” was recorded at 1449:54 and again at 1449:55. A sound similar to
stick shaker was recorded for 0.15 seconds beginning at 1449:57, followed by “bank angle” again at
1449:57.36.

At 1449:58, and for the next 2 seconds, a sound similar to stick shaker was recorded for 0.22 second,
and the pilot stated, “hang on.” A sound similar to stick shaker™ was recorded again for 0.3 seconds; the

http://www.ntsb.gov/publictn/2004/AAB0401.htm 11/4/04
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flight test engineer repeated “what are you doing?” followed by a sound similar to stall aural warning for
0.82 seconds, and “bank angle™ again. At 1449:59.59, the pilot stated, “hang on.” The recording ended
at 1450:00.

Witnesses reported seeing the airplane bank to the right after takeoff. They stated that the airplane’s
nght wing rolled and impacted the ground first and that the airplane exploded on impact. The airplane
crashed through an airport perimeter fence and came to rest adjacent to a two-lane, north-south road.

PILOT INFORMATION

The pilots were certificated under Federal Aviation Administration (FAA) certification requirements
and held Transport Canada exemptions from holding Canadian pilot certificates.

The Pilot Flying

The PF, age 33, was hired by Bombardier Aviation Services in Tucson, Arizona, in July 24, 1995,asa
flight test pilot, where he performed airplane modification and supplemental type certificate (STC) [13]
test flights on Learjet 31A, Learjet 60, and Challenger 604 aircraft. He also performed aerodynamic
stall testing and system evaluation flights on Learjet customer service aircraft. He was hired at BFTC as
an experimental test pilot on May 5, 1999.

From August 1989 to October 1990, he performed avionics certification testing as a flight test engineer
for an avionics manufacturer. He was employed as a captain on an Aero Commander 500 for 14 CFR
Part 135 cargo operations from October 1990 to September 1993. From October 1993 to September
1995, he was employed as a captain on a Beechcraft Baron and Piper Chieftain and as a first officerona
North American Saberliner for an unscheduled Part 135 cargo and passenger operator.

He held an airline transport pilot (ATP) certificate issued on August 25, 1991, with type ratings in the
CL-65 (Canadair Regional Jet), CL-604, Learjet-60, and Bombardier BD-700 (Global Express). In
addition, he was a certifted flight and ground instructor. His first-class medical certificate was issued on
May 16, 2000, with the limitation “holder shall wear corrective lenses.”

According to FAA documents, the pilot received an order of suspension of his ATP certificate on July
19, 1996, for failure, as PIC, to ensure that cargo aboard a Part 135 cargo flight was secured to prevent
shifting under anticipated flight and ground conditions. The suspension was later withdrawn and
replaced with an order of assessment on September 27, 1996, fining the pilot $750.

According to company records, he had logged 6,159.3 hours flying time, including 1,187 hours at
Tucson Production Flight Test; 359.3 hours engineering flight test flying time at BFTC; 557.2 hours of

production flight test PIC time at Tucson; and 126.4 hours of engineering flight test as PIC at BFTC. He
had logged 189 flying hours in the Challenger 604, of which 94.6 hours were as PIC. He received his
initial type rating in the Challenger 604 on October 15, 1998. His last proficiency check was
accomplished on March 24, 2000. [14] According to BFTC's manager of flight test operations and
safety, there was no record that the pilot flying had received formal test pilot training. Bombardier’s vice
president of flight tests stated that the PF was assigned to entry-level flying assignments as an
experimental test pilot and flights typical of normal flight operations. The PF had a bachelor of science
degree in aviation technology.

The PF had flown a total of 95.7 hours, 55.2 hours, 4.6 hours and 1.9 hours in the last 90 days, 30 days,
http://www.ntsb.gov/publictn/2004/AAB0401.htm 11/4/04
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7 days and 24 hours, respectively. The pilot was off duty on October 8, 2000. He worked from 0800 to
1800 on October 9 and returned to work on the day of the accident at 0800.

The Copilot

The copilot, age 43, was hired by Bombardier on February 1, 1999. He was a former U.S. Air Force F-
15 fighter pilot and instructor pilot. He was employed as a test pilot by Swearingen Atrcraft Company,
where he performed development and certification test flights on Metroliner airplane systems from
August 1991 to January 1994. In addition, he was employed as an engineering test pilot on high-
performance jet prototypes at Cessna Aircraft Company. He performed developmental and certification
test flights involving performance and handling qualities, stalls, and envelope expansion on Cessna
Citation and Excel airplanes in Wichita from January 12, 1994, to January 29, 1999, He was also an
FAA-designated engineering representative.

He held an ATP certificate tssued on June 10, 1990, with type ratings in the Cessna CE-500, CE-5258,
CE-560XL, CE-650, CE-750, Bombardier CL-65 (Regional Jet), CL-604, and SA-227 Metro III. He
was a certified {light instructor and held an airframe and powerplant certificate issued on January 4,
1979. His first class medical certificate was issued on September 27, 2000, with no limitations.

According to company records, he had logged 6,540.7 hours of flying time, [15] including 463.7 hours
at BFTC; of which 254.4 hours were as PIC at BFTC. He had logged 6,076 flying hours when he was
hired by Bombardier, of which 2,123 hours were flight test. He had attended a 2-week test pilot short
course, according to company records. He had 1.2 hours flying time in the Challenger 604, of which 0.4
hours were as second in command. He received his type rating in the CL-604 on June 23, 2000. This
was also his last proficiency check. He had flown a total of 88.1 hours and 17.1 hours in the last 90 and
30 days, respectively. He had logged no flying hours in the last 7 days or 24 hours.

The copilot had returned from Amsterdam, Holland, on October 8, 2000, about 2230. On October 9,
2000, he worked from 0715 to 1630 and returned to work on the day of the accident at 0730.

AIRPLANE INFORMATION

The accident airplane, serial number 5991, was registered and owned by Bombardier Inc., Canadair, and
was equipped with two General Electric CF34 turbofan engines. Manufactured in 1994, the airplane was
used exclusively as an engineering development and sustaining program test airplane. The airplane was
operated on a Canadian flight permit (experimental type certificate) and was not issued an airworthiness
certificate. A special flight authorization (SFA) [16] was issued by the FAA’s Wichita Manufacturing
Inspection District Office (MIDO) on September 5, 2000. The SFA was issued to conduct flight test(s)
required to obtain a U.S. type certificate. The SFA stipulated the operational conduct and limitations for
the flight crew and airplane.

The airplane fuel tank system comprised a left wing tank, right wing tank, auxiliary fuel tank and tail
fuel tank (see figure 1). The auxiliary fuel tank system beneath the center cabin had a forward, center,
and aft tank that were interconnected by pipes and that were not isolated from each other by shutoff
valves or check valves. The tail fuel tank system had two saddle tanks and a third tank at the rear of the
tail cone. (see figure 1).

http://www.ntsb.gov/publictn/2004/AAB0401.htm 11/4/04
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Figure 1. Airplane Fuel System Diagram

The airplane was equipped with a ground proximity waming system, which provided voice message
alerts. The “bank angle” voice message is based on the airplane’s roll attitude and radio altitude. The
roll angle limit ranges linearly from 10° at 30 feet agl to 40° at 150 feet agl. It ranges from 40° at 150
feet agl to 55° at 2,450 feet agl. When the airplane’s roll angle exceeds the alert threshold, the “bank
angle, bank angle” aural alert activates. An additional “bank angle™ alert is generated if the roll angle
increases by another 20 percent of the threshold. If the roll angle exceeds 140 percent of the threshold,
an aural alert is issued every 3 seconds.

The airplane’s stall waming system provided aural, visual, and tactile waming of an approaching stall.
As the airplane’s vane angle of attack (AOA) [17] increases, tactile warning is provided by a stick
shaker. A further increase in vane AOA activates a stick pusher. Visual stall warnings are provided by
flashing red “STALL™ annunciators on the left and right glareshield and by a low-speed indicator on
each of the primary flight displays. An aural warbler waming begins when either stall channel signals
the pusher to fire. Both channels are required to activate the pusher. In addition to the wamings, the
autopilot disconnects and continuous ignition is activated.

The stick pusher forces the control columns forward to lower the nose (ACA) and are designed to
prevent an aerodynamic stall. The system’s dual (left and right) channel stall protection computer (SPC)
monitors the following inputs to calculate the AOA trip points:

AOA

Lateral acceleration
Flap position

Weight on wheels
Altitude

Weight on wheels fail

In the event of an AOA rate increase greater than 1° per second, the SPC lowers the AOA trip points
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(phase advance) to prevent the airplane’s pitching momentum from carrying it through the stall
warning/stick pusher sequence into the stall. An acceleration switch disconnects the stick pusher
mechanism if less than 0.5 G is reached during the stick pusher activation. The stick pusher can also be
de-activated by pressing and holding the autopilot/stick pusher disconnect switch located on the pilot’s
and copilot’s control wheel. The stick pusher is capable of operating immediately once the
autopilot/stick pusher switch is released. In case of malfunction, the stick pusher can be disabled by
selecting the “PUSHER” switch to “OFF” on the pilot’s or copilot’s stall protection panel. Both the
pilot’s and copilot’s switches must be in the “ON™ positien for stick pusher activation.

The accident airplane’s SPC actuation could be modified for flight test purposes. Afler takeoff, and the
removal of weight from the landing gear, the nominal design provides for a 2-second interruption (time
out) of the phase advance for shaker and pusher activation. During this time, the SPC activation angles
for the shaker and pusher are not phase advanced, and will activate only if the AOA threshold is
exceeded. The accident airplane’s SPC could be adjusted to interrupt the phase advance to the AOA
threshold. Examination of flight test data indicated that of the two SPC channels, the left timed out at 5.5
seconds on the airplane’s three previous flights and the right channel timed out at 2.0 seconds, which is
the production standard. [18] According to Bombardier documents included in 2a November 5, 2001,
letter to the National Transportation Safety Board, there was insufficient data to determine the timeouts
for the accident flight. The letter stated that although the left shaker activation may have been delayed,
the increased timeout would not have affected stick pusher activation.

The following are normal production shaker and pusher activation vane angles: {19]

Shaker 19.2° with a tolerance of
+/- 0.35°

Pusher 23.1° with a tolerance of
+/-0.35°

Recorded test flight data indicated that the activation vane angles for the accident airplane were set at
the following values:

Shaker Left 19.7°
Channel

Shaker  Right 19.3°
Channel

Pusher Left 23.6°
Channel

Pusher  Right 23.2°
Channel [20]

No mechanical flight control system discrepancies were reported during the 30-day period before the
accident.

Airplane Limitations

The Challenger 604 Operating Manual contains weight and balance information for a normal category,
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certificated CL-604. According to a restriction and/or special instruction, the accident airplane had an
expanded weight and balance envelope for takeoff and landing. The c.g. range changes based on
airplane configuration. According to the CL-604’s type certificate data sheet (No. A21EA), the
airplane’s aft c.g. limit was 38 percent mean aerodynamic chord (MAC) between airplane weights of
43,000 and 47,700 pounds. The accident airplane’s \\emht at takeoff was 44,849 pounds.

At 15 357D lowev wczfﬁg ,

Weight and Balance and Performance Calculations

The preflight weight and balance data for the accident flight were as follows:

Zero Fuel Weight 29,254 Ibs. Fud Liw C &2
Left Wing Fuel 4,.850Ibs. Y909 mar |6 Ho 20 BAIAC
Right Wing Fuel 4,850 lbs.

CenterFuel  7222.1b3/lt62q 3,800 Ibs. 543 aa L
Aft Fuel 3167 ‘fféﬁ" ) 2,5001bs. 370
Ramp Weight 45254 Ibs.

c.g. 37.4 percent MAC MA& - 72 R é 97 /rl(,lzt‘j

Flight test tolerances for the accident flight were as follows:

Stick Shaker/pusher set to nominal

Test weight tolerance:  +5 percent to —1 percent
c.g. position tolerance: 7 percent of total travel
Airspeed tolerances are 3 knots

Non-turbulent conditions

Postaccident Fuel Weight Calculations and Weight and Balance

The CL-604 fuel computer uses a fixed constant fuel weight (density) [21] of 6.75 pounds per U.S.
gallon (variability of density due to nonstandard temperature was not considered in the equation). [22]
After the accident, Bombardier recalculated the airplane’s weight and balance based on a takeoff weight
of 44,849 pounds and a fuel weight value of 6.75 pounds per gallon. {23] In a December 13, 2000,
memorandum to the Safety Board, Bombardier’s calculations indicated that the airplane’s c.g. was 37.9
percent MAC at the start of the takeoff roll.

In addition, Bombardier recalculated the airplane’s c.g. estimating both the shift within the tanks and the
amount of fuel transfer between fuel tanks during the takeofT roll and initial rotation. The transfer rates
calculated between fuel tanks were as follows;

Forward auxiliary tank to center auxiliary tank  0.735 gallons per second
Center auxiliary tank to aft auxiliary tank 0.875 gallons per second
Saddle tanks to tail cone tank 0.484 gallons per second

The following table compares fuel tank quantity and transfer changes between the start of the airplane’s
takeofT roll (zero pitch angle as the airplane accelerated down the runway before rotation) and 20

seconds later with an airplane pitch angle of 13.8°at rotation: [24]

Table 2. Comparison of Fuel Tank Quantity and Transfer Changes
http://www.ntsb.gov/publictn/2004/AAB0401.htm 11/4/04
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Tank Before Acceleration, at Zero 13.8° Pitch Angle, at
Pitch Angle Rotation

Forward 41.5 gallons ‘) 26.8 gallons

Auxiliary

ICenter 191 gallons ¥ 5458.5g41 188.2 gallons

Aft Auxiliary [26 gallons J ] 43.5 gallons

Saddle Tanks [212.5 gallons ) 202.8 gallons

Tail Cone 165 gallons j‘ 377544l |174.7 gallons

In addition, Bombardier stated that fuel could also shift between rib bays in the airplane’s wing fuel
tanks. Based on Bombardier fuel shift calculations evaluated by the Safety Board staff, the airplane’s
c.g. increased 1o 40.5 percent MAC by the time it reached a 13.8° pitch angle 20 seconds later. [25]

Postaccident Center-of-Gravity Related Airworthiness Directives

The fuel shift/c.g. issue was addressed by Bombardier, Transport Canada and the FAA following the
accident. On February 1, 2001, Bombardier issued a temporary revision to the Challenger flight manual
changing the airplane’s aft c.g. limit from 38 percent MAC to 34.5 or 35.0 percent, depending on
airplane weight. The same day, Transport Canada issued Ainworthiness Directive (AD) CF-2001-07 to
make the revision permanent. The FAA issued emergency AD 2001-03-52 on February 2. The FAA’s
AD stated that the Challenger’s “fuel tanks are not baffled, which allows fuel to migrate when the
airplane pitches up.” The AD added that “fuel migration under conditions of acceleration and/or climb,
if not corrected, could result in the airplane exceeding the aft center of gravity limit, and consequent loss
of control of the airplane.” The AD stated that the revision was intended to “prevent fuel migration from
resulting in a rearward shift of the c.g. to the degree that will result in controllability problems.”

METEOROLOGICAL INFORMATION

The ICT automated surface observing system (located 4,500 feet from the approach end of runway 19R)
recorded the following information at 1450:

Wind 190° at 20 knots gusting to 26 knots; 10 statute mile visibility;
few clouds at 12,000 feet agl; scattered clouds at 20,000 feet agl;

temperature 17° Celsius (C) ; dew point of -11° C; altimeter 30.21

inches of mercury. Peak wind of 29 knots from 170°ccurred at
1400.

No microburst or gust front activity was recorded between 1250 and 1450. According to the low-level
wind shear alert system, centerfield winds were generally from the south/southwest with speeds from 15
to 22 knots.

AIRPORT INFORMATION
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ICT is located about 5 miles southwest of Wichita. The airport has three concrete runways: 01L/19R
(10,300 feet by 150 feet, grooved concrete), runway 01R/19L (7,302 feet by 150 feet) and runway 14/32
(6,301 feet by 150 feet). The airport is equipped with aircraft rescue and firefighting (ARFF) units
under provisions of 14 CFR Section 139.317 Index C. [26]

Twelve air carriers and three fixed base operators serve the airport. In addition to Bombardier, two

other airplane manufacturers use the airport for flight test operations. The air traffic count from
September 1999 to September 2000 was 180,878 flights.

FLIGHT RECORDERS

The airplane was equipped with an airborne data acquisition system (ADAS) capable of recording 1,780
flight test data parameters. The magnetic flight test data tape and the digital flight data recorder (FDR)
tape, which recorded additional parameters, were recovered from the wreckage. Thermal damage
destroyed ADAS flight test data recorded after takeofY rotation. Safety Board staff synchronized the
instrumented data with the recovered FDR data. [27]

The airplane was equipped with a Fairchild model A-100A CVR. The CVR exterior received some
structural and fire damage. The interior and the tape were not damaged. The recording comprised four
channels of good quality audio information. {28] A transcript was prepared from the entire 31-minute
recording.

WRECKAGE AND IMPACT INFORMATION

The airplane first impacted the ground 437 feet from the intersection of runway 19R’s centerline and the
extended centerline of taxiway B. The airplane came to rest upright about 1,174 feet from the initial
ground impact scars and 850 feet to the night of the runway centerline. Wreckage was found along the
entire path. Parts of the right wing, radome, and nose structure were found within the first 300 feet of the
wreckage path. A large concentration of right engine structure was found just past the wreckage path’s
midway point. The left wing was found largely intact and attached to the fuselage. The right wing was
consumed by fire. The empennage separated from the fuselage and was heavily damaged by fire. It came
to rest in a drainage ditch near the fuselage. Flight control cables were found in their approximate
correct locations throughout the wreckage, but complete cable continuity could not be determined
because of extensive right wing and empennage damage. Fuel system components in the fuselage and
right wing were consumed by fire.

Wreckage of both engines was recovered in the debris field. The left engine was found attached to the
fuselage. The right engine was located on the road, about 30 feet behind the fuselage. An external
examination did not reveal evidence of pre-impact anomalies.

The flight spoiler power control units were found in the stowed position. The extensions of the flap
actuator jackscrews were replicated on a similar airplane in the Challenger Service Center, and the flap
setting was calculated to be about 20°,

The cockpit’s left side was heavily sooted close to the floor and the multifunction displays (MFD) in
the instrument panel were damaged by heat. The instrument panel was displaced aft and downward. The
outboard edge of the instrument panel was separated from its structure and displaced aft, inboard, and
downward. The control yoke was turned to the right. Both rudder pedals were jammed against the
forward bulkhead. The windshield was crazed and sooted.
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The cockpit’s right side was crushed into the copilot’s seat. The outboard comer of the instrument panel
was separated from the structure and displaced inboard about 3 inches. The floor beneath the copilot’s

. station was displaced upward about 6 inches and rearward about 14 inches. The copilot’s MFDs were
heat damaged. The floor forward of the seat was destroyed and displaced rearward with the rudder
pedals visible from outside the airplane. The outboard lower side panel was displaced inboard and
separated from the structure. The upper panel was displaced rearward. The circuit breaker panel
bulkhead was displaced downward about 9 inches at its forward side and was free of its upper
attachments.

The right side wall and outer cabin floor structure in the forward-to-mid cabin, forward of the flight test
engineer’s station, were destroyed by fire. [29]

MEDICAL AND PATHOLOGICAL INFORMATION

Autopsies of the PF and flight test engineer were conducted by the Sedgwick County Regional Forensic
Science Center in Wichita, Kansas. According to the autopsy report, the pilot died at the scene of the
accident after suffering blunt force trauma, smoke inhalation and burns. The cause of death was listed as
“carbon monoxide toxicity and smoke inhalation.” The flight test engineer died at the scene of “blunt
force trauma of head and neck.” The report added that he also suffered *“postmortem thermal bumns,”
fractured vertebrae and cervical spinal cord lacerations. There was no evidence of carbon monoxide or
soot in his airways or lungs, according to the autopsy report. The copilot, who sustained blunt force
trauma and burns, was removed from the cockpit by rescuers and transported by ambulance to a local
hospital, where he amved about 1548 hours. He died on November 15, 2000, of “complications from
thermal burns.”

The Regional Forensic Science Center and the FAA’s Civil Aerospace Medical Institute performed
toxicological testing of the pilot and flight test engineer. The tissue and blood specimens tested negative
for a wide range of drugs, including major drugs of abuse. [30]

EMERGENCY RESPONSE

Two ARFF vehicles arrived at the accident site within 90 seconds, according to ARFF dispatch logs and
personnel statements. [31] Wichita Fire Department (WFD) was notified about 1452 and the first unit
ammived about 1458, according to WFD dispatch logs. WFD responded with 48 personnel and 23
vehicles. Both pilots were reported to be conscious when the initial ARFF units amived at the accident
site.

Access to the crash site from the airport was hampered by the damaged fence and by a ditch along the
road. ARFF vehicles Safety 1 (S-1) and Safety 3 (S-3) [32] responded first with three firefighters, all of
who were wearing protective gear, S-3, manned by one driver, was first to arrive. ARFF vehicle S-1
armived with a driver and the airport police captain. The ARFF training captain and the ARFF deputy
chief followed in an airport pickup truck, along with ARFF vehicle 5-2, which was manned by one
driver. The ARFF chief arrived in his car.

The drivers of vehicles S-1 and S-3 initially remained in their trucks and used foam to extinguish the
fuselage fire and burning fuel under the airplane. The S-3 driver stated that, when he arrived, the
fuselage was “engulfed in flames, even the roof.” He stated that he first used his roof turret to
extinguish fires on the left wing and the airplane’s left side and top before moving into position to put
out fires on the right wing and fuselage.
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Afier the S-2 vehicle ammived, the driver of S-3 exited his vehicle and assisted the training captain, who
was attempting to break holes in the cockpit side windows to direct water from hand-held hoses into the
cockpit and onto the pilots. [33] ARFF personnel used fire axes, sledgehammers, and crowbars to break
holes in the left and right side cockpit windows. A hole was first made in the cockpit’s left side window,
and water was directed into the cockpit to suppress the fires and protect the flight crew. A second hole
was also punched through the copilot’s window. [34]

Upon their amival, firefighters observed an impact-related hole on the top of the fuselage’s left side
(located aft of the main passenger door and forward of the left wing) and directed fire extinguishing
agent through the hole. After WFD personnel amived, forced entry tools (hydraulic cutters and
spreaders) were used in an unsuccessful attempt to force the passenger door open. According to ARFF
personnel statements, no attempts were made to open the emergency hatch over the right wing. ARFF
personnel stated that they were aware of the hatch’s location and operation. ARFF personnel reported
that the hole on the left side of the airplane provided sufficient access to the cabin and that entry through
the hatch was not necessary,

WFD assisted with additional forced entry tools to enlarge the holes in the side cockpit windows, and to
enlarge another hole located on the left side of the fuselage and forward of the wing. Additional water
spray was used to protect the WFD firefighters who entered this hole to rescue the flight crew, The
copilot was extricated from the cockpit about 20 minutes after ARFF units arrived and was transported
to a hospital about 1541. The PF died before he could be extricated. The flight test engineer was found
dead in the cabin near the cockpit bulkhead.

The ARFF S-2 truck was equipped with a penetrator nozzle, which can be used to pierce an airplane’s
fuselage to deliver water or foam inside the airplane. ARFF personne! stated that two firefighters were
needed to prepare and operate the nozzle and hose. The ARFF chief stated that “only three ARFF
personnel [were] on scene in first armivals and they concentrated on knocking down the fire that was on
both sides of the airplane.” The chief stated that additional firefighters would have aided rescue efforts.

An ARFF captain/supervisor stated that the “tower provided us with no information... in the first three,
four, five minutes at the scene. We knew nothing that was on there. We didn’t even know if this was a
commercial airplane, test airplane or whatever.”

A fuel-fed vegetation fire was also extinguished. One ARFF officer was treated for smoke inhalation.

Emergency Response Training

At the time of the accident, multiagency drills at ICT were held quarterly and involved ARFF and law
enforcement personnel, the Sedgwick County Fire and Shenff”s departments, and the Wichita fire and
police departments.

ARFF personnel had received familiarization training on air carrier and military airplanes that use the
airport. No similar training was provided for flight test airplanes based at the airport, which are
frequently equipped with special features including ballistic-initiated spin recovery parachutes, forced
entry locations, and pyrotechnic-operated emergency hatches.

At the time of the accident the Airport Authority’s Airport Safety Division employed 24 people, who
received law enforcement and ARFF inttial and yearly recurrent training. Four people were assigned to
ARFF duties and two were assigned to airport law enforcement duties for each 8-hour shift.

http://www.ntsb.gov/publictn/2004/AAB0401.htm 11/4/04
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The Safety Board addressed ARFF staffing concems when it issued Safety Recommendation A-01-65 to
the FAA. Safety Recommendation A-01-65, issued on October 23, 2001, asked the FAA to “amend 14
Code of Federal Regulations 139.319 (j) to require a minimum Aircraft Rescue and Fire Fighting
staffing level that would allow extenor firefighting and rapid entry into an airplane to perform interior
firefighting and rescue of passengers and crewmembers.” In a February 19, 2002, letter to the Safety
Board, the FAA stated that it had asked the Aviation Rulemaking Advisory Committee (ARAC)
Airports Issue Group to create an ARFF Requirements Working Group to examine ARFF staffing
levels as part of an overall ARAC review of 14 CFR Part 139. On October 17, 2002, Safety
Recommendation A-01-65 was classified “Open—Acceptable Response,” pending results of the ARAC
working group and implementation of the recommendation.

SURVIVAL ASPECTS

The airplane’s configuration comprised pilot and copilot seats, a cockpit jump seat, and a flight test
engineer station in the airplane cabin. The flight test engineer’s station was located on the right side of
the cabin. The seat was located adjacent to the emergency exit over the right wing. All crew seats were
equipped with 5-point adjustable restraints. The pilots survived the impact sequence, but injuries and
damage to the forward fuselage and cockpit prevented them from escaping unaided.

A manually operated, downward-opening main passenger door (with integral stairs) was located on the
left side of the fuselage, aft of the cockpit. The main passenger door was found fully closed and
latched. Safety Board staff examination revealed that the fuselage had buckled into the door, with
evidence of shear and/or compression overload (skin wrinkles) on the forward fuselage and cabin door.
Attempts by Safety Board investigators to open the door manually (with the inside and outside releases)
were unsuccessful, The exterior handle was found out of its stowed position in a horizontal position; the
handle could be moved 1.5 inches counterclockwise from the horizontal. Further investigation revealed
that the mechanical fasteners that attach the aft center latch cam to the torque tube were sheared. The
door’s interior and latching mechanism exhibited evidence of a compressive overload to the door’s
lower tension rod and buckling damage to the door intercostals. An internal inspection of the door
structure revealed damage to the forward part of the door stairs.

The airplane was equipped with an inward-opening, plug-type emergency exit hatch over the right wing.
The exit can be opened from either inside or outside the airplane. The hatch was found in the closed and
secured position. Postaccident examination determined that the exit was operational from the outside
and inside.

The cockpit was not equipped with egress hatches. The airplane’s windows were an integral part of the
airframe structure and could not be opened. Pilot and passenger egress was through the forward
passenger door or through the over wing hatch.

The flight engineer’s station was located in the middle of the cabin near the right over-wing emergency
hatch. Firefighters found the flight test engincer’s seat in the forward cabin near the flight test engineer’s
body. The seat swivel adjustment was found locked in the forward facing position. The seat was
separated by impact forces from its floor mounts and seatback vertical supports. The seat mounts were
found attached to the floor seat track. No floor damage was found at the flight test engineer’s station.
There was no evidence of fire damage or sooting on the floor mounts. The restraint system was found
attached to the seat by the tie down strap on the forward frame of the seat pan. The five point restraint
system end fittings were found latched inside the release buckle. The left and right seat belts and
shoulder hamess straps were burned through. The seat was designed to withstand the following loads: 9
G forward, 4 G lateral, 4.65 G upand 8.1 G down.

http://www.ntsb.gov/publictn/2004/AAB0401.htm 11/4/04
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TESTS AND OTHER RESEARCH

Airplane Performance

Safety Board staff conducted an airplane performance study as part of the accident investigation (see
figure 2). According to FDR, CVR and flight test data, the nose gear strut was extended (before elevator
input) as weight diminished on the nose gear about 0.5 second before rotation. Main gear liftoff
occurred about 1449:50, as the airspeed reached 143 knots. FDR-derived data indicated that the PF used
about 10° of nose-up elevator to initiate rotation, and main gear liftoff occurred about 1.2 seconds later,
with a pitch angle of between 2.8° and 3.8°, The 10° nose-up elevator input was maintained for

0.8 second after liftoff until the pitch attitude reached 12°, according to FDR data. Pitch attitude
continued to increase over the next 1.4 seconds, peaking at 20°, while nose-up elevator input decreased
from 9° to 1° nose up. According to the FDR, the vane AOA reached 23°about 3.4 seconds after start of
rotation. According to Bombardier, the airplane enters the stall waming region after reaching an AOA of
19°,

FDR data indicated that the airplane began an uncommanded right roll just before reaching peak pitch
attitude. The CVR recorded the sound of the stick shaker at 1449:51, and the stick shaker sound
continued for 2.2 seconds. During this time, a nose-down elevator input of about 14° was recorded,
followed by a 5.5° nose-up elevator control input, consistent with pilot control inputs to correct the
airplane’s pitch and roll oscillations. The pitch attitude decreased 10 4.3° nose up and the bank angle
increased to about 80° right-wing down. During the next 3 seconds, the airplane rolled left to about
wings level as the pitch attitude increased to 18° nose up. The vane AOA on the second pitch up was
26.4°, The second pitch up oscillation was followed by a second pitch down to -2°, and a night-wing
down roll to 61°. This pitch down was followed immediately by a pitch up and roll back to wings level,
reaching nearly level pitch attitude and 40° right-wing down at impact, according to FDR data. Peak
nose-up elevator input at this time (1449:55) was about 16°.

The CVR recorded the intermittent activation of stick shaker, aural stall, and bank angle wamnings
beginning with the first pitch up to 20° until about 1 second before impact. After initial rotation, all
elevator, rudder, and aileron inputs by the pilot were consistent with inputs to counter pitch and roll
oscillations, according to FDR information. FDR data indicated a peak pitch rate of 8.4° per second.
(The airplane’s ADAS, which recorded test flight data at a higher sampling rate, indicated a pitch rate of
9.6° per second).

According to FDR data and information derived from the Safety Board staff’s integration study of FDR
data (flightpath integration), the airplane’s peak airspeed was 170 knots. The flightpath integration
indicated that the airplane’s peak altitude was about 70 feet. FDR information tndicated that the engines
were operating at 90 percent fan speed until impact.
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Figure 2. Review of the Pilot Flying's Previous Takeoff Performance

Safety Board staff reviewed flight data to determine the peak pitch (rotation) rates per second during

previous takeoffs performed by the PF.

Data showed a 7.2°-per-second rotation rate on a Challenger test flight on August 16, 2000. The
atrplane’s ramp weight was 41,511 pounds and the c.g. was 31.0 percent MAC. Data also showed a
6.5°-per-second rotation rate on takeoff on a Challenger ferry flight from Barrow, Alaska, to Fairbanks,
Alaska, on September 14, 2000, and a 6.0°-per-second rotation rate on takeoff from Fairbanks to
Wichita on September 29, 2000, about 2 weeks before the accident. For the Fairbanks-to-Wichita flight,
the airplane’s ramp weight was 47,204 pounds and the ¢.g. was 35.5 percent MAC. The 35.5 percent
MAC was the farthest aft c.g. that the PF had flown in the accident airplane, according to Bombardier
flight test records. According to Bombardier flight test data, the stall protection system did not activate
on these flights. The data indicated that the maximum pull control column force exerted by the PF
during these operations was generally greater than 40 pounds. Bombardier stated that the stick force
used by the accident pilot during the accident flight rotation “was near and within the upper limit of the

normal range of stick forces, based on results from other pilots.”

The accident pilot also flew the Global Express in the weeks before the accident. Flight 592, a Global
Express BD-700-1A10 flight on September 22, 2000, showed a 8.3%per-second pitch rate. A week
earlier, on September 15, flight 589 showed a 6.8° rotation rate. A 5.8°-per-second pitch rate was
recorded for flight 599, another Global Express, on October 4, 2000. The takeoff c.g. range for the

Global Express was between 23 percent and 35 percent MAC.
http://www.ntsb.gov/publictn/2004/AAB0401.htm
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Bombardier compiled additional takeofT data from 50 flights flown by other BFTC pilots, which
included operational flights, certification test flights, and the accident flight (flight 535). According to
Bombardier, the maximum pull control column force during normal operations was less than 40
pounds. The parameters examined were maximum pitch rate at rotation versus Mach number and c.g,,
and maximum control column forces at rotation versus c.g.

Bombardier computed maximum AQA (alpha) measured by the alpha stall vane during rotation as a
function of Mach number. According to Bombardier, the maximum alpha stal} vane angles recorded
during operational takeofTs were about 14°, The maximum alpha stall vane angle values during abused
certification takeofTs (that is, nonstandard takeofls conducted for flight test purposes) were between 14°
and 19°. The maximum alpha stall vane angle values for the accident pilot’s operational takeofTs were
between 15° and 17.5°. The maximum alpha stall vane angle for the accident flight was 23°. This angle
was 4° above the normal setting for stick shaker activation, according to Bombardier.

In addition, Bombardier data indicated that the maximum pitch rates during operational takeoffs were
3.4° to 6.1° per second. Maximum pitch rates during abused (or nonstandard) [35] takeoffs during
certification were between 3.5° and 7.0° per second. The maximum pitch rates for certification
performance takeofTs were between 4.8° and 7.5° per second. The maximum pitch rates for operational
takeof¥s performed by the accident pilot were between 6.0° and 7.6° per second. As noted previously, the
maximum pitch rate for the accident flight recorded by the onboard ADAS was 9.6° per second,
according to recorded data.

Center of Gravity and Pitch Feel Sensitivity Studies

The Safety Board staff conducted c.g. and PFS sensitivity studies in an engineering flight simulator at
Bombardier Aerospace facilities in Montreal as part of the accident investigation. The first ¢.g. study
was conducted without pilots and used elevator values derived from the accident flight’s FDR. The
study indicated that with a c.g. of 37.9 percent MAC (the start of the takeofT roll), the alpha vane AOA
did not reach the stick pusher value (for activation). At 40.5 percent MAC (the c.g. after rotation), the

alpha vane AOA peaked about 5° beyond stick pusher value (see figure 3). [36]
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Challenger 604

Simulation Data
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Figure 3. C.g. Sensitivity and Stick Shaker/Pusher Threshold Values

In a second c.g. study, an FAA test pilot and a Transport Canada test pilot, who were rated in the CL-
604, performed takeoffs in the Bombardier engineering flight simulator to determine the effects of c.g.
location on rotation rate (and the ability to capture the prescribed takeofT pitch attitude) and to examine
whether there were perceptible differences between the handling characteristics of the modified PFS and
the production PFS installed on in-service CL-604 airplanes. The pilots performed takeoffs withc.g.
locations ranging from 35.0 percent MAC to 42.0 percent MAC. The pilots reported that aft c.g.
positions caused them to rotate at a somewhat higher rate. The pilots noted that these effects were more
noticeable when they used increased rotation rates (about 6° instead of the normal 3° rotation rate).
When increased rotation rates were used, the pilots noted that the stick shaker frequently activated but
only briefly. The pilots also indicated that the simulator was controllable at all c.g. locations using both
normal and increased rotation rates.

In the PFS sensitivity study, each pilot performed takeofTs with either the modified or production PFS
units. The c.g. was set at 40.5 percent MAC for each takeoff. The pilots reported no handling differences
between the modified PFS and the production PFS units.

Safety Board staff and Bombardier also conducted simulation studies to determine how the pilot’s
elevator inputs during the accident would affect pitch rates at different c.g. configurations. The
simulations indicated that the pilot’s elevator inputs produced a pitch rate of 5.5° per second at 35
percent MAC and a rate of 10.5° per second at 40.5 percent MAC (the c.g. the accident pilot
encountered after rotation).
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PFS Unit Examinations

The PFS units (model Nos. TY2614 and TY1741) recovered from the airplane were examined at TRW
Aeronautical Systems, Lucas Aerospace, United Kingdom, under the supervision of the United
Kingdom Air Accidents Investigation Branch. A visual and x-ray examination was performed and no
anomalies were noted except for smoke discoloration. No anomalies were found during manufacturer-
conducted tests before delivery, during acceptance tests in Wichita before installation of the units on the
accident airplane, or during postaccident acceptance testing.

COMPANY INFORMATION

Company History and Organizational and Flight Test Structure

Bombardier was a Canadian manufacturer of ground and water transportation equipment before it
purchased Canadair on December 23, 1986. The company purchased Learjet Corporation on June 29,
1990. Test development activity for the Learjet line continues at the BFTC.

At the time of the accident, Bombardier Aerospace comprised eight manufacturing plants located in five
cities, two aircraft parts distributions centers, four approved maintenance organizations in four cities,
and four approved training organizations in two cities.

At the time of the accident, a manager of flight test operations and safety was assigned to BFTC
operations. His duties included providing administrative operational support to engineering flight test
personnel, ensuring compliance with U.S. Federal Aviation Regulations and Canadian Aviation
Regulations for pilot currency and qualification tracking, managing flight logs, dispatching, and piloting
test flights. The manager of flight test operations and safety was the only person assigned to the BFTC’s
safety department.

At the time of the accident, the manager of flight test operations and safety reported directly to the vice
president of flight test at BFTC, who in tum reported to the vice president of engineering. The vice
president of flight test at BFTC was on the same organizational level as the vice presidents of
engineering at the Toronto, Belfast, Wichita, and Montreal operations. He was also on the same
management level with the vice presidents of program management for product development in
Montreal, the director of quality assurance in Montreal, and the vice president of the Tucson Completion
Center. [37] According to Bombardier, the manager of flight test operations and safety currently
reports to the vice president of flight test at BFTC and the executive vice president for engineering and
product development at company headquarters in Montreal.

Company Flight Test Accident and Incident History

Before the accident flight, Bombardier and Learjet experienced two fatal accidents (including a 1980
accident involving a Canadair CL-600), two nonfatal accidents and one incident.

On April 3, 1980, a Canadair Limited CL-600 was destroyed during stall testing near California City,
California. [38]. The pilot was killed, and the copilot received minor injuries. The flight test engineer
was not injured. According to statements from the surviving pilot and flight test engineer, the flight crew
was troubleshooting a noise associated with stalls conducted during previous flight test activities.
Airplane control was lost during the stall, and the emergency spin recovery parachute was deployed.
According to the copilot and flight test engineer, who were able to bail out, attempts to jettison the
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parachute were not successful and airplane control was never recovered.

On July 26, 1993, a Canadair CL-600-2B19 was destroyed during lateral and directional stability testing
near Byers, Kansas. [39] The two test pilots and flight test engineer were killed. The probable cause of
the accident was determined to be the “captain’s failure to adhere to the agreed upon flight test plan for
ending the test maneuver at the onset of pre-stall stick shaker, and the flight crew’s failure to assure that
all required switches were properly positioned for anti-spin chute deployment. A factor which
contributed to the accident was the inadequate design of the anti-spin chute system which allowed
deployment of the chute with the hydraulic lock switch in the unlocked position.” [40]

On April 25, 1997, a Canadair BD700-1A10 [anded wheels-up following avionics testing at Toronto,
Canada. The test crewmembers were not injured. A Canada Transportation Safety Board (TSB)

investigation determined that the flight crew did not lower the landing gear and had not followed a
landing checklist. The aural gear warning had been disarmed during the flight test and not re-armed by
the pilots following the test.

On October 27, 1998, a Learjet 45 was destroyed after colliding with a pickup truck parked next to the
runway during water ingestion testing near Wallops Island, Virginia. [41] The copilot and flight test
engineer received minor injuries. The probable cause of the accident was determined to be the “failure
of the pilot to obtain/maintain alignment with the water pool, which resulted in a loss of control. Factors
in the accident were the inadequate preflight planning of the flight test facility and the airplane
manufacturer which resulted in hazards in the test area and the subsequent collision of the airplane with
a vehicle.”

Bombardier also reported a flight test-related incident that occurred on July 21, 2000, when a Global
Express BD-700-1A10 experienced an elevator jam following its first production test flight. The flight
crew used a combination of thrust and pitch trim to maintain airplane control. The flight crew managed
to free the right-hand elevator and landed at Lester B. Pearson International Airport in Toronto, Canada,
A company investigation revealed that an unflagged rigging pin was not removed before the flight. [42]

Company Training

At the time of the accident, Bombardier production and experimental test pilots attended initial and
recurrent flight training at a company-owned or a commercial flight training facility that is structured for
operational flying, such as charter and private operations. No test scenarios were presented during these
courses. Three-week initial training compnsed 2 weeks of ground school and 1 week of simulator
training. One day of line-oriented flight training was provided during simulator training.

Company flight test training is on-the-job, according to Bombardier’s senior engineering test pilot.
Flight test maneuvers are demonstrated to pilots, and the maneuvers are then performed by the pilot in
training. Bombardier sends its test pilots and flight test engineers to a 2-week flight test short course at
a civilian flight test school. Between 33 percent and 40 percent of flight test personnel had received
military training or had attended a civilian test pilot school before being hired.

The company’s chief test pilot at the time of the 1993 Byers, Kansas, accident told Safety Board
investigators that flight test training was conducted as an apprenticeship. He stated that pilots learned
maneuvers and procedure by observing from the jumpseat or second pilot seat. The chief test pilot stated
that pilots did not receive external test pilot training and that they did not use the company’s simulator
for flight test training,.
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Postaccident interviews with Bombardier flight test employees indicated that no formal safety training
meetings were conducted. Safety issues were presented during all-hands meetings. Several test pilots
stated that they were not familiar with details of previous Bombardier flight test accidents and would
like to be provided flight test incident and accident information.

Company Flight Test Procedures

Bombardier’s flight test operational and safety policy manual, Bombardier Flight Test Standards and
Procedures 3000 (BFTC 3000) , was published on October 10, 1996, and revised (with revision A) on
December 14, 1998, Parts of the manual were incorporated into FAA Order 4040.26, “Aircraft
Certification Service Flight Safety Program, [43] which established flight test briefing, risk assessment,
and risk management procedures. Neither FAA nor Transport Canada regulations required Bombardier
to have a flight test policies and procedures manual.

The 1996 BFTC 3000 manual did not require a test hazard analysis (THA) document, which addresses
hazards, their causes, their effects, minimizing procedures, corrective action, and relevant remarks.
Revision A contained provisions for hazard identification and risk reduction. Bombardier’s chief of
flight test operations and safety stated that the document was not used in Bombardier’s sustaining
programs at the time of the accident but that it was a phased-in program that had been implemented in
the company’s developmental (experimental) programs, such as the RJ 700 program. [44]

Both documents list nisk levels of high, medium, and low for flight maneuvers or flight conditions. A
high risk level indicates a high probability of an incident or accident involving severe damage to
equipment and/or injury to personnel. Approval for high risk flights must be received from
Bombardier’s vice president for flight test or the engineering flight test director.

High risk test flights include new prototype flight testing. The manual states that such tests will be
defined high nisk “until an operation envelope covering stability and control, engine operation... [has]
been defined.” The tests included “all flight testing for the expansion or definition of limits appropriate
to stability and control, flutter, performance, maximum airspeed and engine operation, testing that could
result in loss of all engines, flight control failures, high speed ‘upset’ tests, initial stall tests, [and] stall
tests with adverse c.g., acrodynamic, configuration, or component changes.” High risk test flights also
included “evaluation of unproven components in critical systems or the airplane in cnitical environments
(e.g. high altitudes, high or low speeds, braking systems, flight controls, life support)..., structural
demonstrations at limit values, ... takeoff performance with actual engine shutdown, maximum brake
energy test, maximum rudder sideslips, high altitude depressurization [or] any flight test, which, in the
opinion of the test pilot-in-command and/or a representative of the engineering discipline responsible for
the flight test to be conducted, warrants consideration as high risk.”

A medium risk level indicates the probability of an incident or accident combined with moderate
damage to equipment and/or injury to personnel. According to the manual, these tests “require more
than routine supervision.” Such flights must be approved by the Lear/Canadair program manager or the
chief of flight test operations and safety. Medium risk flights include, “loss of one engine, including
fuel starvation due to negative or lateral G, extreme attitudes, testing where close visual chase is
required, flight outside of the current normal flight and/or operational envelope..., operating at
minimum usable fuel [and] intentional single engine shutdowns.”

A risk level of low indicates that there is a low probability of incident or accident combined with
minimal damage to equipment and/or injury to personnel, according to the manual. The risk assessment
authority for these flights is the PIC.
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Bombardier’s safety risk assessment process is described in BFTC 3000 Revision A as follows:

8.5.2 Steps in Deliberate Safety Risk Management

a. Hazard Identification: Hazard identification begins
with the preparation of the test requirements document...
and [conducting] a preliminary hazard analysis. This
analysis is a list of hazards that could occur and result in
mishaps/incidents/accidents. This preliminary hazard
analysis is developed using experience, scenario thinking,
archives, and similar techniques.

8.5.5 The Safety Risk Assessment Process

a. Aircraft Configuration: All test aircraft will be
configured in accordance with Bombardier Aerospace,
Transport Canada, or the Federal Aviation Administration
directives as appropriate for the conduct of the test.

b. Crew: All flight crews on the test or chase aircraft will
be qualified and current IAW [in accordance with] BFTC
3000 prior to the start of the test.

c. Briefings: All test personnel will participate in pre test
briefings.

d. The Completed Safety Risk Assessment will be
briefed prior to each flight. The Safety Risk Assessment
format will vary IAW program directives. However, each
completed Safety Risk Assessment is required to contain
the following information.

1) Decision Authority Signature

2) Risk Assessment

3) Hazard Identification (Not required for low risk
flights) [45]

4) Risk Reduction (Not required for low risk test

flights) [46]
. Surveillance of the Bombardier Flight Test Facility
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Under a bilateral agreement with the United States, Transport Canada has direct regulatory oversight of
the BFTC facility. However, there are no Canadian or U.S. regulations specific to the conduct of flight
test operations. The last Transport Canada inspection of the BFTC facility before the accident was
conducted on November 5, 1999. A full-time, on-sight Transport Canada inspector was not assigned to
the BFTC facility until after the accident.

As part of initial certification and subsequent modification programs, Transport Canada test pilots and
flight test engineers are involved with BFTC management and flight test crews during certification tests
to validate company compliance. FAA and JAA flight test crews also fly with BFTC flight test crews to
validate Transport Canada certification of new and modified airplanes. Although not defined as
regulatory oversight of the operation, the activities prov1dc and opportunity to observe company
operations, according to Transport Canada.

The FAA’s MIDO and Wichita Aircraft Certification Office (ACO), located at ICT, provide oversight
for the manufacture and certification of Learjet airplanes manufactured at the Bombardier Learjet
facility in Wichita. The Wichita MIDO also issues special flight authorizations for Bombardier-Canada
airplanes based on limitations developed by Transport Canada. Although the FAA’s Wichita ACO is
located at ICT, the FAA’s ACO in Valley Stream, New York, has certification oversight for the CL604
and other aircraft manufactured by Bombardier in Canada. The New York ACO has no direct regulatory
oversight responsibility of Bombardier airplanes manufactured in Canada and test flown in Wichita,
However, according to the manager of the New York ACO, FAA certification personnel are authorized
to validate Canadian certification test points.

Transport Canada Postaccident Audit of Bombardier’s Wichita Facility

After the accident, Transport Canada conducted a Special Purpose Audit at the BFTC from October 25
to 27, 2000. The audit report commended Bombardier “for documenting procedures for the safe conduct
of flight tests [the standards and procedures manual 3000]” but that “the audit revealed that the company
management does not always enforce the provisions of the manual.” The audit report stated that
Bombardier project directives authorize specific BFTC engineers to “develop and approve
developmental and experimental modifications specific to the flight test aircraft that can have significant
effects on safety.” The report noted that “documentation or specific procedures were unavailable to
demonstrate that other engineering disciplines, potentially affected by the modification, provided
sufficient analysis to support safe operation of the aircraft.” [47]

In addition, the audit report stated that the “chief of flight operations and safety at BFTC is an unusual
position in that it combines the ‘Safety Manager” function with that of *Operations Manager, which due
to their functions have conflicting or incompatble roles.”

The audit report noted that BFTC has a “well documented safety nisk management [SRM] process™ but
that the SRM process did not address several areas. According to the report, these areas included the
following:

a) The risk level of a particular flight test activity is assigned prior
to the expected effect of the minimizing or mitigating procedures.
The hazard associated with using a[n] SRM tool that assigns risk
level without taking into account the effectiveness of the risk
reduction procedures is that the residual risk of a test could actually
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be higher than perceived;

b) Low risk tests require no risk reduction, or identification of
mitigation procedures. This is contrary to one of the basic principles
of flight test safety, which is quoted in Section 8.5.1 of BFTC S&P
3000, ‘Accept no unnecessary risk’; and

c) Low risk tests are defined as ‘all test flying not described as high
or medium risk’. There are lists of what are considered high and
medium risk tests. The implication is that if it is not listed in the high
or medium lists, then it must be low, without any analysis being
performed.

d) The procedures in place have the potential, particularly in
situations of time pressure, to over rely on the TDS [test definition
sheet] generated risk analysis. Under such circumstances, further in-
depth analysis of the risk associated with the particular test might be
warranted.

The audit report concluded that “it was evident that the level of activity at BFTC was very high and is
predicted to continue at this pace. The tempo of operations continues to place working pressures that
have the potential [to] affect flight safety.”

ADDITIONAL INFORMATION

The wreckage was released and all retained components were retumed to Bombardier Incorporated. The
FAA, Bombardier and General Electric were parties to the investigation. The TSB assigned a technical
adviser to the investigation. Transport Canada provided technical personnel and resources throughout
the investigation, including assistance in FDR/CVR readouts and Bombardier simulator tests.

Normal Takeoff Procedures

According to the Bombardier Aerospace Challenger 604 Operations Reference AManual, the PF rotates
to 14° at 3° per second after the “rotate” call from the PNF. The same rotation rate is used for an
abnormal takeofT (engine failure after V,) but with a reduced pitch attitude of 10°. The rotation rate

value listed in the Challenger 604 Operations Reference Manual is based on an industry average for
transport-category aircraft takeoff profiles.

Flight Test Safety Standards

During the investigation, Safety Board staff examined flight test standards and programs developed by
the FAA, the U.S. military, and the civilian National Test Pilot School. FAA certification test pilots
attend an initial 6-week standardization course at a civilian test pilot school and receive 2 weeks of
recurrent training. The course covers helicopter and fixed-wing flight test fundamentals, flight test
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safety, and flight test crew resource management (CRM) . According to the FAA, the majority of FAA
test pilots had received formal test pilot training from a military test pilot school before being hired,
although the FAA also hires test pilots who have at least 1 year of industry flight test expenience. FAA
test pilots validate test points that have already been performed by airplane manufacturers.

The aircraft certification flight safety program established in FAA Order 4040.26 requires FAA
management personnel who participate in safety management training to disseminate lessons learmned to
those involved in certification and to receive CRM training. The order also formalized procedures for
the formal assessment of flight test risks and the acceptance of residual risks when signing the type
inspection authorization or test plan. The order defined risk management as follows:

The process by which an assessment is made of the risks involved during a
flight test, the establishment of mitigating procedures to reduce or eliminate
the risks, and a conscious acceptance of the residual risks. Risk assessment is
normally done by a safety review process in which a flight test plan is
reviewed by project and non-project personnel in order to draw out potential
hazards and recommend mitigating (or minimizing) procedures. Experience
has shown that knowledgeable non-project personnel who are similarly
involved in other projects provide valuable contributions to this process. They
can identify areas that may have been overlooked by the project team (aircraft
manufacturer vs. limited flight test experience), and flight crew currency in
both the test method(s) and aircraft type.

U.S. Air Force Flight Test Center (AFFTC) Instruction 91-5, “AFFTC Test Safety Review Process,”
directs the application of system safety principles to the planning and conduct of all AFFTC and other
designated test programs, It states that safety planning and technical planning are integral and that a
“smart test team” will interweave technical and safety issues throughout the project planning process.
The document emphasizes the identification and elimination/control of test hazards, the preparation of
safety-related forms that include a THA, and the importance of safety and technical reviews.

The National Test Pilot School publication, “Flight Test Training: Luxury or Necessity?” addressed the
benefits and efficiency of training for flight test pilots and engineers. This publication summarized an
FAA test pilot’s views as follows:

In general, on-the-job trained personnel are usually quite good at what they
do; but their abilities are dependent on what they have been shown in the
past. Flight testers who have learned on-the-job usually demonstrate very
little capability to move into new areas of testing because they haven’t been
taught the fundamental philosophy of flight test. This is particularly noticeable
in the area of test safety and the incremental approach to test flying.
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ANALYSIS

General

The captain and first officer were properly certificated and qualified in accordance with applicable
Federal regulations and company requirements.

The airplane was operating in accordance with a Canadian flight permit and a special use authorization
issued by the FAA and was properly equipped to conduct flight tests. Examination of the {light controls,
the modified PFS units, and the airplane’s engines and systems found no evidence of pre-impact
malfunction.

Visual meteorological conditions prevailed. Weather was not a factor in the accident.

Pilot Actions and Weight and Balance Shift

According to FDR information and calculated performance data, the atrplane’s maximum pitch rate after
rotation was 9.6° per second, an extremely rapid pitch rate which was approximately three times greater
than the average 3° per second pitch rate recommended in the Challenger 604 Operations Reference
Manual. Safety Board staff review of the PF’s previous takeoff performance indicated that he had
commanded excessive pitch rates during several takeofTs in the months before the accident, including
6.5° and 6°-per-second pitch rate takeoffs in the Challenger from Barrow and Fairbanks, Alaska, a
month before the accident; a 7.2°-per-second rotation rate on a Challenger test flight on August 16,
2000; and a 8.3°-pitch-rate takeoff in a Global Express on September 22, 2000.

The amounts of fuel in the airplane’s center, three-in-line auxiliary fuel tanks were not isolated from
each other, which allowed fuel to move freely through pipes between tanks, especially dunng
acceleration and rotation. Postaccident calculations determined that the ¢.g. moved aft as the airplane
accelerated down the runway as fuel shifted reanward in the auxiliary fuel tanks, tail tanks, and wing
tanks. By the time the airplane reached a pitch attitude of 13.8° 20 seconds after the start of the takeoff
roll, the airplane’s ¢.g. increased to at least 40.5 percent MAC, according to Safety Board staff
calculations. Although fuel some migration is normal and expected in all airplanes, the CL-604’s center
fuel tank design allowed for significant fuel migration above the range accounted for in the airplane’s
certified c.g. range limits. Safety Board staff also considered a scenario that did not include fuel
migration. Simulation testing indicated that without the fuel migration factor, the airplane’s ¢.g. would
have been sufficiently forward to prevent the airplane from pitching up sufficiently to trigger the
airplane’s stall protection system,

Thus, the aft ¢.g., including the ¢.g. change during the takeoff phase, combined with the high pitch
attitude and pitch rate commanded by the pilot, resulted in stall and loss of control. Moreover, the aft
¢.g. and the aggressive pitch control inputs by the pilot eliminated the safety margin that the c.g. limit
and the lower pitch rate guidance of 3° per second were intended to provide. Safety Board staff and
Bombardier simulation studies indicated that either restoring the ¢.g. margin or reducing the pitch rate to
3° per second would have provided an adequate safety margin.

Based on FDR data, flight data of the PF’s previous takeofTs, and postaccident fuel migration and shift
calculations, it is evident that the pilot’s pitch control, combined with unanticipated aft c.g. (fuel) shift
during acceleration, resulted in an excessive rotation rate and an unexpected and faster pitch rate after
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lgﬁofn which caused the airplane to stall. The FAA and Transport Canada issued ADs after the accident
addressing the issue of fuel migration (lowering the aft c.g. limit) and the potential for exceeding the
airplane’s aft c.g. limit during acceleration or climb.

FDR data indicated that the stick pusher activated twice (following two pitch up oscillations) after the
airplane’s pitch angle reached the stick shaker and stick pusher activation thresholds, and that the pilot
made elevator inputs to counter the downward pitch angle induced by the stick pusher. During this time,
the CVR recorded the sounds of stick shaker, aural stall and bank angle warnings. Based on this data, it
is evident that the second combination of stall, stick pusher activation and subsequent up elevator inputs
by the pilot occurred at an altitude too low for recovery when the airplane was experiencing wide
excursions in pitch attitude and roll.

As noted previously, postaccident examination determined that the modified PFS units, which were to
be tested during the flight, were not a factor in the accident.

Flight Test Oversight

Safety Board staff examined Bombardier’s flight test operations, company procedures, and safeguards to
minimize risk. At the time of the accident, Bombardier was phasing in a new flight test procedures
manual, which included significant changes and additions in the areas of flight test preparation, hazard
identification and analysis, and risk reduction. However, the changes had not yet been implemented in
the Challenger sustaining program. Although the Challenger program was defined as a sustaining
program because the airplane had received prior certification, the flight was nevertheless experimental
because it was designed to test a component change that affected the airplane’s handling qualities.

During the investigation, it was determined that the accident flight’s risk assessment was subject to
several interpretations. For example, the accident flight was assessed as a low risk test flight by
Bombardier’s manager of flight test operations and safety, who stated that the determination was made
because the airplane was operating within its ¢.g. range and because “the modification was stabilizing.”
A Transport Canada test pilot later came to the same conclusion. However, an FAA test pilot concluded
that the flight was a medium risk flight because it involved the modification of a flight control system.
This disparity in risk assessment underscores the importance of a formal safety review and THA
standard, especially when there are competing assessments. Even if the changes to PFS units were
considered minor and ultimately judged not to pose a medium risk, it is noted that the risk assessment
was made minutes before the flight and did not take into account that the changes were to a flight
control system that was to be tested in flight for the first time during a complex maneuver.

Pilot selection and crew pairing are also part of the flight test safety equation. According to Bombardier,
test flight training is on-the-job. Although on-the-job flight test training is a common industry practice,
several airplane manufacturers (including Bombardier) and flight test schools have implemented an
incremental approach to flight test training. This approach includes a gradual increase in flight test
complexity during on-the-job training and the pairing of newly hired flight test pilots with an
experienced flight test pilot before the new hires are allowed to conduct test flights as PICs. It is noted
that the accident pilot, whose experience was largely in routine, entry-level operational and production
testing, rather than flight testing, was assigned as PIC to test airplane control performance and airplane
handling qualities in a complex flight test maneuver that he had never flown. The copilot, who was an
experienced test pilot in other airplanes, was assigned second-in-command duties to familiarize himself
with the Challenger, not to demonstrate flight test procedures and maneuvers that were unfamiliar to the
accident pilot.
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During its investigation, Safety Board staff reviewed test flight safety information from several sources,
including the FAA, U.S. Air Force and the National Test Pilot School. The sources recommend
developing THA worksheets for test {lights, which include information on potential hazards, risk
minimizing procedures, or emergency procedures. Briefing a test flight with a THA helps pilots focus on
the specific risks involved in a test flight and helps to minimize the nisk of complacency. Bombardier
did not use these worksheets for preflight test briefings.

Neither the flight test card nor the preflight briefing for the accident flight called for a “build-up” of the
flight test maneuver to be flown. A typical build-up for such a maneuver would have called for a gradual
entry into the maneuver, at lower speeds and at a more stable c.g. location, before executing the
prescribed maneuver at higher speeds and G forces and aft ¢.g. configurations. The preflight briefing
also did not include a discussion about test maneuver techniques or about what procedures to follow in
the event of a problem or failure in the modified systems to be tested. Pitch rate targets were also not
discussed in the context of an aft c.g. test flight. Although the accident flight was to be conducted within
the airplane’s aft c.g. limit, the ¢.g. was near the aft limit and should have been briefed to increase
awareness of pitch rate performance in this configuration.

Safety Board staff review of Bombardier flight data from 50 flights flown by BFTC pilots, including
several senior test flight and management pilots, indicated that pilots routinely commanded pitch rates
that were more than double the recommended rate of 3° per second during operational takeofTs.
Company flight operations data, collected from every Bombardier test flight and archived, is not
reviewed as part of an overall company flight operations quality assurance program. Therefore, this high
pitch rate practice, and its potential for hazard, was not identified by senior Bombardier management.

Finally, despite experiencing three fatal and two nonfatal accidents during product development,
Bombardier did not have a safety manager who reported directly to senior management at headquarters
in Montreal, did not conduct regular safety meetings, and did not maintain a “lessons learned™ safety
database accessible to flight crews.

Based on its review of Bombardier’s flight test operations and other relevant safety programs, the
investigation determines that Bombardier’s oversight of its flight test program was inadequate because
nisk assessment procedures in place for the Challenger program were not followed and because a more
comprehensive risk assessment program, which would have required a more timely and thorough risk
assessment of the accident flight, had not been implemented for the Challenger test program, although it
had been used for 2 years in the company’s RJ 700 program. Further, it is evident from the investigation
that Bombardier’s operation of its flight test program was deficient because the preflight briefing was
inadequate, because a relatively inexperienced flight test pilot was chosen for a flight that involved a
complex maneuver he had never flown (and in an aft c.g. configuration greater that he had ever flown),
because a build-up for the accident flight was not considered, and because the company failed to identify
a history of its pilots® practice of high rotation rate takeoffs, which becomes even more critical in
airplanes configured with aft c.g.’s. Finally, it is evident from the investigation that Bombardier’s safety
program was deficient because the safety manager at the time of the accident did not report directly to
senior management. However, it should be noted that the BFTC safety manager now reports directly to
senior management in Montreal and that Revision A of BFTC 3000 is now used for the Challenger

program.

Transport Canada and FAA Oversight of Flight Test Programs

Under the terms of a bilateral agreement, Transport Canada had direct regulatory oversight of
Bombardier’s BFTC operations involving the company’s Canadian-manufactured airplanes, although
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the last inspection of the facility was conducted nearly a year before the accident. Although Transport
Canada assigned a full-time inspector to the BFTC facility after the accident, there was very little
surveillance of the facility’s flight test operations at the time of the accident. Further, there are no
Canadian or U.S. regulations specific to the conduct of flight test operations. Neither FAA nor Transport
Canada regulations require Bombardier, or other flight test operations, to have a flight test policies and
procedures manual.

It is evident from the investigation that Bombardier is developing and using its Flight Test Standards
and Procedures 3000 manual, but Transport Canada’s audit observation indicated that the company did
not always enforce the provisions of its own manual. Thus, Transport Canada and the FAA are only
monitoring a largely voluntary program. The flight test operations and the corporate safety culture they
require would benefit from the adoption of Transport Canada- and FAA-approved flight test standards
and procedures. 1t should be noted that Transport Canada is currently considering regulations to require
the use of an approved flight test operations manual and is implementing additional procedures to
improve regulatory oversight of flight test operations, including those at BFTC.

Survival Factors

The emergency response to the accident site was timely, with two ARFF vehicles and three firefighters
arriving at the scene within 90 seconds of the crash. However, there were not sufficient ARFF personnel
equipped with protective gear in the immediate response to fight the fires and perform a rescue. The first
responders to the scene, two ARFF fire trucks and three ARFF personnel, initiated a mass application of
water and firefighting agent to extinguish the fuel-fed, exterior fire, which had engulfed the fuselage.
The firefighters stated that they could hear the pilots calling for help after the large exterior fires had
been extinguished. Two of the three personnel were occupied in their vehicles with firefighting
activities, according to ARFF officials. Firefighters stated that additional personnel during the initial
response would have allowed them to suppress the cockpit fire more quickly.

During its investigation of a runway overrun accident involving a McDonnell Douglas MD-82 in Little
Rock, Arkansas, in 1999, [48] the Safety Board examined whether a passenger who needed to be
rescued from the wreckage would have survived if sufficient ARFF personnel had been available to
perform a rescue. In a situation similar to the Challenger accident, rescue efforts could not be conducted
effectively until off-airport firefighters arrived at the scene. Although the Safety Board could not
determine whether the passenger would have survived if more ARFF personnel had been available, it
expressed concern that Federal regulations did not ensure that ARFF units would be staffed at levels
sufficient to conduct simultaneous firefighting and rescue activities. [49] As a result, on October 23,
2001, the Safety Board issued Safety Recommendation A-01-65 to the FAA. Safety Recommendation
A-01-65 asked the FAA to “amend 14 Code of Federal Regulations 139.319 (j) to require a minimum
Aircraft Rescue and Fire Fighting staffing level that would allow exterior firefighting and rapid entry
into an airplane to perform interior firefighting and rescue of passengers and crewmembers.” [50]

The flight test engineer’s station was located in the middle of the cabin. The flight test engineer’s body
was found forward near the cockpit bulkhead. He had suffered severe blunt force injuries. The flight test
engineer’s seat frame was found near his body with the 5-point latch buckled. The lap belts were found
burned through. Damage to the seat, the seat floor mounts and the injuries sustained by the flight test
engineer indicate that scenario three, that the flight test engineer’s seat failed, is the most likely. Based
on seat damage, evidence of seat frame separation in overload and the lack of similar separation of
instrument racks near his seat, it is evident that the flight test engineer’s seat separated during the impact
sequence, and that his injuries were consistent with a lack of restraint.
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PROBABLE CAUSE

The National Transportation Safety Board determines that the probable
cause of this accident was the pilot’s excessive takeoff rotation, during an aft
center of gravity (c.g.) takeoff, a rearward migration of fuel during
acceleration and takeoff and consequent shift in the airplane’s aft c.g. to aft of
the aft c.g. limit, which caused the airplane to stall at an altitude too low for
recovery. Contributing to the accident were Bombardier’s inadequate flight
planning procedures for the Challenger flight test program and the lack of
direct, on-site operational oversight by Transport Canada and the Federal
Aviation Administration.

LU'Unless otherwise indicated, all times are central daylight time based on a 24-hour
clock. The actual time of accident is approximate, based on flight data recorder (FDR)
and air traffic control (ATC) information.

[Zl'Experimental and engineering test flights are flown to determine whether newly
designed and experimental aircraft operate according to design standards. Based on these
flights, test pilots make suggestions for improvements. Production test pilots test new
airplanes for ainvorthiness after the airplanes come off the assembly line and before they
are delivered to customers.

[lLAccording to 49 CFR Section 830.2, for classification purposes, a fatal injury is
one in which death results within 30 days of the accident.

[4—1'The accident flight was also a training and orientation flight for the copilot.

Iél—PFS units replicate aspects of the aerodynamic loads (absent in hydraulically
driven control systems) through artificial feel and centering units, allowing the pilots to
feel control input resistance. The units increase control column, control wheel, and
rudder pedal resistance as the flight control surfaces are moved from their neutral
positions.

[ﬂ"['he maneuver to be flown for the flight test is known as a wind-up tumn. During
this maneuver, the airplane is put into a bank and the control column is continually pulled
back to maintain the indicated airspeed. Control column forces are evaluated throughout
the maneuver. A Federal Aviation Administration (FAA) test pilot described the wind-up
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turn as “one of the hardest maneuvers to do in flight test.”

m‘The airplane was equipped with a combination of fixed weights and interconnected
forward and aft ballast tanks. A water/glycol mixture could be moved forward or aft
between the tanks, to change the c.g. for flight test purposes. The movement of the
water/glycol mixture is controlled by an electric pump operated by the flight test
engineer, or through gravity transfer (at an appropriate flight attitude). In addition, a lead
ballast was located in the rear of the airplane.

@LTO comply with the PFS unit control force item listed by the CAA, Bombardier
had the vendor (Lucas Aerospace Division of TRW Aeronautical Systems) modify the
elevator control system’s PFS units to increase the second break out force. The first
breakout force is the force necessary to move the control column, rudder, or other flight
controls from the neutral position. The production PFS units provided initial movement
of the control column from zero after the first breakout force was exceeded. The column
force then increases linearly with column position until a second breakout force is
reached, after which the column force continues to increase with column position at a
reduced rate (to prevent excessive column movement). The modification on the accident
airplane added shims at the end of an internal spring to increase preload for the second
breakout. The change increased the second breakout point from the original 40 pounds to
50 pounds of force. According to Bombardier, the test flight was intended to demonstrate
that the modified PFS units were sufficient to meet the CAA requirements in the heavy
weight/aft c.g. configuration.

[21"1’hc flight control sweeps were flight test checklist items to collect data.

[L)L'I'hc pilot and copilot display control panels retained a selected heading of 230° in
nonvolatile memory.

LL]LThe stick shaker, or control column shaker, is designed to warn pilots of an
impending aerodynamic stall, and is accompanied by audible alerts and lights. For more
information about the airplane’s stall waming system, see section 1.8.

[lz‘LThe CL-604 is equipped with an aural bank angle waming system. For more
information about the airplanes aural waming systems, see section 1.8,

Il3*l—An STC authorizes alteration of an aircraft engine or other component that is
operated under an approved type certificate.

[14] Recurrent simulator training was the only formal proficiency check performed by
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Bombardier at the company’s commercial training facility in Montreal.
Pilot logbook information indicates a total time of 6,585.5 hours.

MA special flight authorization permits a foreign-registered civil aircraft that does
not have the equivalent of a U.S. standard airnworthiness certificate to be operated within
the United States.

LulStall protection vanes are located on the left and nght side of the fuselage. They
measure the local airflow on the forward fuselage. The stall vane measured angles are
used to derive the airflow over the airplane’s wings and provide stall waming and stall
prevention. All AOA values in this report are vane AOA.

[BI'NO SPC maintenance was recorded during the period that included the airplane’s
final five flights.

[ﬁlThe non-phase advanced shaker and pusher angles are based on a flap setting of
20° and a pressure altitude of less than 2,000 feet.

[Z—O]Thc stick pusher activates when each vane angle (on the left side and night side of
the airplane’s nose) reaches the preset activation angle.

[Z‘l‘l'FAA publication FAA-H-8083-1, dircraft Weight and Balance Handbook, states
that fuel weight is determined by its specific gravity and temperature.

[Ql'ﬂle standard day, sea level density for Jet A fuel is about 6.789 pounds per U.S.
gallon.

[23]. Fuel samples taken at the Bombardier facility on November 16, 2000, nearly
matched the typical fuel density of 6.75 pounds per gallon.

[2—41‘The 13.8° value was chosen as a minimum flow, or best-case scenario assuming
fuel shifts near rotation.

[él-'[hc value of 40.5 percent MAC does not include tolerances for ¢.g. position or
P g p

for changes in fuel density that could change this MAC value by more than 1 percent in

either direction.
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[2§l‘lndex C includes air carrier aircraft of at least 126 feet in length but less than 159
feet in length. According to 14 CFR 139, a minimum of two or three ARFF vehicles must
carry a total quantity of 3,000 gallons of water for foam production.

[211'F0r more information on the synchronization of flight test and FDR data, see the
Flight Data Correlation Study in the Safety Board’s docket for this accident.

[2§L'I'he Safety Board uses the following categories to classify the levels of CVR
recording quality: excellent, good, fair, poor, and unusable. An excellent recording is one
that is very clear and easily transcribed. A good recording is one in which most of the
crew conversations can be accurately and easily understood. The transcript that is
developed may indicate unintelligible words or phrases. Any loss in the transcript can be
attributed to minor technical deficiencies or momentary dropouts in the recording system
or to a large number of simultaneous cockpit/radio transmissions that obscure each other.
A poor recording is one in which a transcription is nearly impossible because a large
portion of the recording is unintelligible.

[22]‘For information about the cabin passenger door, emergency exit and the flight
test engineer’s seat see the section titled, “Survival Aspects.”

@LThe five drugs of abuse tested in the postaccident analysis are marijuana, cocaine,
opiates, phencyclidine, and amphetamines.

31 ]‘ARFF officers and firefighters reported that they first heard a loud noise and saw
black smoke at the west side of the airport. The crash alarm activated as personnel were
running to their vehicles. The ARFF chief stated that, before he responded to the scene,
he confirmed that the ARFF dispatcher had contacted 911 and had requested mutual
assistance from Sedgwick County and the Wichita Fire Department (WFD).

[12]-111 addition to two police cars, the airport had four ARFF vehicles: S-1 was a
1997 quick response vehicle equipped with 300 gallons of water, 40 gallons of 3 percent
aqueous film forming foam (AFFF) and 450 pounds of dry chemical agent. Safety 2 and
3 were Oshkosh T-1500 vehicles equipped with 1,585 gallons of water, 205 gallons of 3
percent AFFF and 700 pounds of dry chemical agent. S-4 was an Oshkosh M-1500
equipped with 1,500 gallons of water and 180 gallons of 3 percent AFFF; S-4 was
undergoing maintenance and did not respond to the accident.

[3’3']'According to the Federal Aviation Regulations (FAR), cockpit front and side
windshield panes and the supporting structure for these panes must withstand, without
penetration, the impact of a 4-pound bird when the velocity of the airplane (relative to the
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bird along the airplane’s flightpath) is equal to the value of Vc (design cruise speed) at
sea level, described in 14 CFR 25.335(a). Vc for the accident airplane is 300 knots
indicated airspeed below 8,000 feet.

[3—4lSeveral smaller holes were punched through the left and right front windows.

L:ﬁ]—"[he takeoff demonstrations included early rotation (Vr minus 5 knots) with one

engine inoperative; early rotation (Vr minus 10 knots, with a rapid rotation (or over

rotation of 2° pitch) with all engines operating; and maximum pitch mistrim within the
takeoff trim band with all engines operating.

136] Simutator fidelity diminishes after entry into the stall.

Iﬂl—According to Intemational Civil Aviation Organization Circular 247-AN/148,
Section 3.10, a safety program “should be administered by an independent company
safety officer who reports directly to the highest level of corporate management.” The
Safety Board, the FAA, and industry safety groups have also recommended that the
safety officer be independent and report directly to top management. Safety
Recommendation A-94-201 asked the FAA to require all carriers operating under Part
121 and Part 135 to “establish a safety function, such as outlined in Advisory Circular
(AC) 120-59, “Air Carrier Internal Evaluation Programs.” AC 120-59 stated that an
evaluation program, which includes audits, inspections and evaluations, should be an
“independent process that organizationally has straightline reporting responsibility to top
management.” The AC added that “this management [safety] position should be above
the level that directly supervises work accomplishment or procedural development and
should have direct contact with the chief executive officer or equivalent.” Safety
Recommendation A-94-201 was listed “Closed—Acceptable Alternate Action” afier the
FAA issued Joint Flight Standards Bulletins (HBAT 99-19 and HBAW 99-16) to FAA
principal inspectors that provided guidance for the development of a comprehensive
safety department and the suggested functions, qualifications, and responsibilities for a
director of safety position.

[ﬁL'Ihe description for this accident, LAX80FA073, can be found on the Safety
Board’s Web site at <http://wwiw.ntsb.gov>.

BQLThe description for this accident, CHI93MA276, can be found on the Safety
Board’s Web site at <http://svww.ntsb.gov>.

[@]‘As a result of this investigation and an unrelated {light test accident involving a
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Lockheed C-130, the Safety Board issued Safety Recommendation A-94-101, which
asked the FAA to inform members of the flight test community about the circumstances
of these accidents. Specific to the Byers, Kansas, accident, A-94-101 urged that “all
companies involved in flight test of airplanes with anti-spin parachute systems ...
incorporate a design feature that would prevent the parachute from deploying if the jaws
securing the parachute to the airplane are open.” According to Bombardier, the spin chute
system has been redesigned to prevent the chute’s deployment before it is secured to the
airplane.

[iu—'l'he description for this accident, IAD99FAQ08, can be found on the Safety
Board’s Web site at <http://swww.ntsb.gov>.

B'Zl"ﬂle description for this accident, TSB Occurrence No. A000O0150, can be found
at the TSB Web site at <http://bst.gc.ca>.

(431 FAA Order 4040.26 was initially published in 1997 and was revised on March
23, 2001.

BA]'The Challenger 604 was considered to be under the sustaining program because
the airplane had been certified. The accident flight was considered experimental because
it was to test an unproven change to the airplane.

1431 A ccording to the BFTC 3000 manual, hazard identification “begins with the
preparation of the test requirements document,” which includes “a preliminary hazard
analysis.” The manual states that the preliminary hazard analysis “is developed using
experience, scenario thinking, archives, and similar techniques.”

B—QLThe BFTC 3000 manual lists risk reduction measures to be conducted before the
flight, including consideration of whether or not “this configuration (aerodynamic or
systems) [has] been flight-tested.”

[ﬂ]'ln a November 27, 2003, letter to the Transportation Safety Board of Canada
(forwarded to the Safety Board), Bombardier challenged several conclusions and
observations contained in Transport Canada’s postaccident audit. The company stated
that it had “challenged Transport Canada ... and provided substantial proof that the
subject documentation and procedures were readily available and that the required
engineering oversight for the safe conduct of flight testing was beyond reproach.” In
addition, Bombardier claimed that the audit “lacked specifics” and that “many of its
findings were refuted by Bombardier.” Corrective actions were also taken, according to
Bombardier, including having the safety manager report directly to the executive vice
president of engineering on safety issues and to the vice president of flight test on day-to-
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day issues.

HgLNational Transportation Safety Board, Rumvay Overrun During Landing,
American Airlines Flight 1420, McDonnell Douglas MD-82, N2154A, Little Rock,
Arkansas, June 1, 1999, Aircraft Accident Report NTSB/AAR-01/02 (Washington, DC:
NTSB, 1999).

[ﬂ]‘The Safety Board had similar concerns during its investigation of an emergency
landing of Air Tran flight 913 in Greensboro, North Carolina, on August 8, 2000, because
of dense smoke in the cockpit. The Safety Board concluded that if the passengers and
crew had not been able to evacuate, there would not have been enough ARFF personnel
to enter the airplane and rescue occupants. The description for this accident,
DCAOOMAO079, can be found on the Safety Board’s Web site at <http:/Awvww.ntsb.gov>.

[S_OLIn a February 19, 2002, letter to the Safety Board, the FAA stated that it had
asked the ARAC Airports Issue Group to create an ARFF Requirements Working Group
to examine ARFF staffing levels as part of an overall ARAC review of 14 CFR Part 139.
On October 17, 2002, Safety Recommendation A-01-65 was classified “Open—
Acceptable Response,” pending results of the ARAC working group and implementation
of the recommendation.
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- [DNN 001128] Helicopter test flight
crash Kills pilot in Mie and 1 article

Helicopter test flight crash kills pilot in Mie

Police reported on Monday that one person died when a locally built
helicopter crashed at arcund 2:40 p.m. in a rice field near Yanagi Station
on the Kintetsu Suzuka Line in Suzuka City, Mie Prefecture.

According to Mitsubishi Heavy Industries Ltd., which built the aircraft,
the six occupants on board were employees of the local company. Only pilot
Kenzo Takahashi, 54, did not survive the incident.

Authorities said that the helicopter, owned by Nagoya Aerospace Systems
Works (an affiliate of MHI), took off from a ccmpany plant next to Nagoya
Rirport in Komaki City for a test flight over the Ise Bay.

Police said that parts of the helicopter were found near the scene of the
accident and an investigation into the cause is underway.

MHI said that the company produced the MH-2000 prototype on July 2% of 1996,

Citizens voice concerns over health issues

Richi Prefecture recently released the results of a questicnnaire that
asked citizens about their health and attitudes toward the maintaining
healthy lifestyles.

The questionnaire was also intended to get a grasp on how citizens are
making use of prefecture-run recreational facilities, the prefecture said.
The prefecture said that roughly 80 percent of the 587 citizens who
responded felt anxiety about their health. Nearly 86 percent of respondents
said they didn't get enough exercise, the prefecture said, while roughly 73
percent said they had experienced forms of mental pressure or stress in the
last month.

--Compiled by Tokuko Ogawa

Yoko Naito (yokoRapril.co.ip)
-=<< APRIL COMMUNICATIONS, INC. >>=- Internaticnal Research Division
TEL:+81-52-971-0906/FAX:+81~52-951-8429 : http://www.eal.or.jp/DNN/

03/29/2001 10:00 AM




Sayonara MH-2000 --

- Mitsubishi Heavy Industries halted plans

f for its 10-scat MH-2000 helo. A type cer-
— tificate was issued in 1997, but the first
prototype was lost in an accident duringa
flight test in 2000. Design improvements

po— were made and six mare vchicles were

=== built, but sales never took off.
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Equipment Malfunction
Likely Cause of An-70 Crash

Alexey Komaraevy/Mescow

A crash landing of an Antonov An-70
four-engine propfan transport on
Jan. 27 appears to have been cansed by
equipment failure, according to unoffi-
cial reports.

The aircraft, a prototype being used
in the test flight program, crashed
shortly after takeoff following an en-
gine failare, further delaying the al-
ready troubled development program
(AWSSTFeb. 5, p. 44).

Although the official findings of
the inquiry board, headed by Valery
Voskoboinikov of the Russian aerospace
agency Rosaviakosmos, have not yet been
the incident to a rupture in a hydranlic
line feeding the counterrotating prop-
fans on engine number three, 2ccord-
ing to an official at the Antonov Design
Bareau, which designed the aircraft.

The line break led to a loss of pitch
control on the rear set of blades, creat-
ing a negative thrust of approximately
5 metric tons and generating ence
along the wing and strong vibration,
the official said.

Y/APRIL 9, 2001

To compensate for the power drop,
the An-70 crew pushed the engine throt-
tle forward to maximum position, but
due to 2 malfunction in the free turbine
RI'M sensor on engine number one, the
automatic engine control unit received
an overcrank signal and shut down the
engine. The aircraft lost speed, and the
crew performed a gear-up emergency
landing on a snow-covered ficld.

The damaged aircraft was transport-
ed to the Polet aviation plant in Omsk
for repair, After a detailed airframe ex-
amination, damaged clements will be
replaced, and the aircraft returmed to
the Antonov plant in Kiev.

An-70 program leaders hope to have
the aircraft back in the air this May in
time for the Paris air show. '

Meanwhile, bilateral negotiations
were planned early this month to nail
down a series production program for
the Ukrainian airlifter, which is ur-
gently needed by the Russian armed
forces. However, Russia still has to pay
Ukraine a reported $50 million owed
for development. o
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An-70 Crash Disrupts
Airlifter Program f

ALEXEY KOMAROQV/MOSCOW

he crash landing of the Antonov

An-70 prototype threatens to fur-

ther delay the troubled aitlifter pro-
gram, and has Ukrainian and Russian en-
gincers scurrying to recover.

The second—and only—protorype of
the four-propfan transport made an emer-
gency landing shorty after takeoff from
Omsk in Siberia on Jan. 27, damaging the

aircraft and injur-

An-70 and features a complex three-shaft
design with a reduction gearbox. The man-
uzc?‘un:r claims it offers 40% better econ-
omy than equivalent turboprops.

An investigation board is attempting
to establish the reason for the engine fail-
ure. The board is headed by Valery
Voskoboinikov of the Russian acrospace
agency Rosaviakosmos, with assistance

from specialists

ing four of the 33 from the Russian
prple on bt he An-70is gt Usaiimai
“The *Russian- among Russia  indwis, i
Ukrainian An-70 ine Dcsi'gn Burcau
was on its way from . a{lc.l Ukralne S and ZMKB.

the Antonov De- ¢ riorities A report is ex-
sign Bureau base in P P pected  shortly,

Kiev to Yakutsk for

cold certification trials. It was carrying 11
crewmembers and 22 engineers and tech-
nicians, along with about 1 ton of test
equipment. The aircraft had landed in
Omsk about 12:30 2.m. local time to re-
fuel after the 5.5-hr. flight from Kiev, and
had waken off again ar 5:38 a.m. for Yakut-
sk with 38 metric tons of fuel on board.

Barely 16 scc. into the flight, one of the
starboard engines failed, followed 4 sec.
later by the failure of onc of the port
engines.

THE CAPTAIN, Vitaly Gorovenko, was able
to perform a gear-up landing on a snow-
covered field next to the airport. Duc to
skillful piloting and the An-70's shorr take-
off and landing capabilities, the landing
was relatively soft and there was no fire,
The four injuries were minor.

A preliminary investigation showed rel-
atively lictle damage, according to Andrey
Sovenko, an Antonov Design Bureau
spokesman. Several skin panels on the cen-
tral fuselage were damaged as were some
aircraft subsystems, and the left outer en-
gine and auxiliary power unit will have to
be replaced. The skin can be fixed at the
Poler aviation plant in Omsk. Afrer field
repairs, the aircraft will fly back to Kiev
for full recheck and reconditioning,
Sovenko said.

The damaged An-70 was powered by
four ZMKB Progress/Zaporozhye D-27
Eropfans driving 16-blade Stupino SV-27

igh-thrust, counterrotating propellers.
The D-27 was specially dcv:Fopcd for the
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probably  before
Russian President Vladimir Purin and
Ukrainian President Leonid Kuchma meet
in Dnepropetrovsk in the first half of Feb-
tuary to discuss acrospace cooperation.
The An-70 project is among the two coun-
trics’ top priorities, following the rejection
last June of a proposal to base the Euro-
pean airlifter on the Russian-Ukrainian
aircraft.

The first An-70 prototype was lost in
a February 1995 midair collision on its
fourth flight. The Antonov Design Bu-
reau spent almost two years building the
sccond aircraft, which made its firsc Exght
in April 1997,

At the end of last year, the An-70
reached the final stages of acceprance flight
tests under a joint Russian- inian cer-
tification program, and a preliminary de-
cision was made by the defense ministrics
of the two countries to approve the start
of serial production. A final green light
is expected this quarter.

“THERE ARE NO S$IGNS yet thar the acci-
dent will impac [this] decision,” Sovenko
said. Vasily Teplov, the An-70 chief de-
signer, was even more sanguine: “The ac-
cident will not affect the An-70 serial pro-
duction program,” he said flady.

The Aviant aircraft production plant in
Kiev is reported to be close to 2 contract
for an initial batch of five aircraft. Plans
call for the first serial An-70 to be com-
pleted in 2002. The Ukrainian armed
forces has a requirement for an estimared
65 An-70s, and Russia for up to 164, - ©
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FAA INCIDENT DATA SYSTEM REPORT 6/ /
Report Number: 20010622013109G 0‘\-[
General Information

Local Date: 06/22/2001

Local Time: 12:00

City: CARUTHERSVILLE

State: MO

Airport Name: CARUTHERSVILLE MEMORIAL

Airport Id: : - M0O5
Aircraft Information

Aircraft Damage: MINCR

Phase of Flight: FCD/PREC LDG FROM CRUISE
Aircraft Make/Model: CA-8

Airframe Hours: 43

Operator Code:

Operator: Heme  coare E@uirr/enT
Owner Name:

Harrative

EXPERIMENTAL AIRCRAFT PERFORMING FLIGHT TESTING AT 15,500 FEET
MSL. AT TAKEOFF, PILOT DETERMINED THAT 104 GALLONS OF FUEL WAS
ONBOARD AIRCRAFT. WHILE AT ALTITUDE, PILOT STATED ENGINE QUIT DUE
TO APPARENT FUEL STARVATION., HOWEVER, AIRCRAFT FUEL TOTALIZER
ESTIMATED 44.2 GALLONS OF FUEL REMAINED. PILOT CONTACTED MEMPHIS
CENTER FOR THE NEAREST AIRPORT LOCATION, WHICH TURNED CUT TO BE
VAN BUREN, MO AIRPORT. AIRCRAFT SPIRALED DOWN TO AIRPORT AND PILOT
ELECTED TO LAND OFF THE RUNWAY ONTO THE GRASS DUE TO RUNWAY
DROPOFF AT THE END. AIRCRAFT PROPELLERS CONTACTED SOFT GROUND
PRIOR TO COMING TO REST RESULTING IN BENT PROPELLER BLADES. OTHER
NOTABLE AIRCRAFT DAMAGE WAS TO THE AIRCRAFT SKIN NEXT TO LANDING
GEAR. CREW SUSPECTS FUEL LEAK FROM UNDERSIDE OF RIGHT WING.

THERE WERE NO INJURIES. SECOND PILOT ONBOARD AIRCRAFT WAS
PERFORMING FLIGHT ENGINEER/RECORDING DUTIES ONLY.

Detail
Primary Flight Type: PERSONAL
Secondary Flight Type: PLEASURE
Type of Operation: GENERAL OPERATING RULES
Registration Number: 155JD
Total Aboard: 2
Fatalities:
Injuries:

Landing Gear:
Aircraft Weight Class: UNDER 12501 LBS



Engine Make: TURBoPRCP

Engine Model: WALTZR M b/l
Engine Group:

Number of Engines: 1

Engine Type:

Environmental/Operations Information “éExﬁ:L:/%vaﬂ CL?Lfyzkyl
Primary Flight Conditions: VISUAL FLIGHT RULES
Secondary Flight Conditions: UNKNOWN
Wind Direction (deg):

Wind Speed (mph):

Visibility (mi):

Visibility Restrictions:

Light Condition: DAY
Flight Plan Filed: UNKNOWN

Approach Type:
Pilot-in~Command

Pilot Certificates:
INSTRUCTOR
Pilot Rating:
LAND |
Pilot Qualification:
Flight Time (Hours)
Total Hours:
Total in Make/Model:
Total Last 90 Days:
Total Last 90 Days Make/Model:

COMMERCIAL PILOT FLIGHT

AIRPLANE SINGLE, MULTI-ENGINE

15500
42
60







Tiegligenice trial with Sin-
gapore judge Tan Lee
Meng secking written
submittals from attorneys
within five wecks. Tan
also instructed the plain-
tiffs ro choose a focus for
'their case—pilort suicide
~or negligence by SilkAir's
management. They are
secking unspecified dam-
ages from the airline for
the December 1997 loss
of 2 737 that has been
linked to pilot suicide. ©

RUSSIA

A celebration of the 75¢h
anniversary of Russian
naval aviation was

by a fatal accident in-
volving a Sukhoi Su-33
naval fighter. The July 17
accident occurred during
an air show at the Naval
Aviation Pilot Combat
Training Center in Os-
trov. The pilot, Maj. Gen.
Timur Apakidze, deputy
commander of Russian
Naval Aviation, was killed
in the crash which oc-

curred on approach after

www.AviationNow.com/awst

OBITUARY:
Judson Brohmer,
a Lockheed Mar-
tin subcontractor
acrial photographer,
was killed in an F-16
crash near Edwards AFB,
H pJalie-2. while
ste chase
during»aaMiniatare Air
Launched Decoy test mission. He
was 38, Also killed was Maj. Aaron
George, a pilot with the 416¢h Flight
Test Sqdn. A graduase of the Univer-
sity of Southern California’s communi-
cations/photojournalism school, Brohmer
worked for CBS-TV before establishing his
reputation as an award-winning aircraft pho-
tographer. He worked for the National Test Pi-
lot School, Bede Jet Corp., and both McDon-
nell Douglas on the C-17 and Lockheed Martin on
the F-16, F-22 and Joint Strike Fighter programs,
shooting stills, movic and video to document ground
and flight tests. Brohmer shot a number of striking Awi-
ation Week & Space Technology cover photos, and won
awards in the magarine’s photo contests. Flying was Brohmer's
professional passion, and his signature inflight photos reflect-
od a knack for capturing unusual angles and perfect backgrounds.

RIPAOM BBORIACR

—— . - —

The FAA Is also taking a
close look at TWA's
maintenance procedures
after the carrier had five
emergency landings due
1o engine-related prob-
lems july 11-18.  ©

With a 92% turnout,
about 85% of 17,000
Bocing employees in the
Puget Sound area have
voted against unioniza-
tion. The International
Assn. of Machinists and
Aerospace Workers peti-
tioned for the vote, seck-
ing to represent admin-
istrative, software and
technology workers, Last
year, a white-collar strike
severely curtailed com-
mercial aircrafy deliveries
at company facilities in
the area for 40 days as
16,000 engincers and
technidans represented by
the Sodiety of Profession-
al Engineering Employ-
ees in Aerospace walked
out (AWSST Mar. 27,
2000, p. 42). ©
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Airplanes, ~=—uc British Aviation Club
inLondors. Rz week that the next new
aircraft fre— r2company would be an
ultra-efficc & «=sign in the 200-250-scat
category ~~vailability in 2007-08.
Cruise spe=«=¢id be similar to the 747,
rather thia . e ransonic region. Earlier,
‘Boeing sza & <:fate of the Sonic Cruiser
would b= <did by year-end, but offi-
cials nowr = decision may not be an-
nounced wXarly next year. ©

PanAmS «m 1 expeclad to join Intel-
sat in b i< for Paris-based Eutelsar,
with the TP zbased satellite opetator like-
ly to att raCierger deals worth abour $3
billion froiothU.S.-based companics.
The U.S. barelikely to intensify grum-
bling frotEurope, and particularly
France, wie fears of a takeover have

reached & “strategic threat” level
\ (AWS 7o, 25, p. 2

ikorsky has selectad Turbomeca’s Ar-
riel 252 rurboshaft engine to power fu-
vrofigh!s has ennounced it was 1o Yure versions of the $-76 urility heli-
sstart £1ig: testing of the Typhoon com-
at aircra: Flight testing had been sus-
ended irhe wake of the loss of Devel-
pment Axrafk G on Nov. 21. ©

Zoct

e vltralong-range Airbus A340-500
obtained European JAA certification after

The U.S aerospace industry Is experiencing a “creeping crisis” led by plum-
eting ales of civil aircraft and a *virrually disappearing” civil space sector that is
catinglong-term structural problems, according to the Acrospace Industries Assn.
AILA President and CEO John W. Douglass told 350 members of the industry,
-ernnent and media in Washington last week that the crisis is developing in-
r1entially with bad news coming in “almost every day.” For example, acrospace
:ompanies during the past 18 months have announced layoffs of 93,000 worEcrs.
Dougliss said the industry’s employment level is at its lowest since 1953 and in
peacctime since the 1930s.
Total industry revenues declined to $148.2 billion this year from $153.1 billion
in 2001, with another drop of $10 billion forecast for next year. Civil aircraft
sales are expected 1o drop nearly $12 billion in 2003 after falling $8 billion this
year. Military aircraft and missile sales are softening the blow of the civil sector with
growth of nearly $4 billion this year and nearly $3 billion next year. However, the
civil space sector is in even more distress than civil aircraft, with only two com-
mercial satellices being sold worldwide this year instead of the 70 that were fore-
cast for 2002 during the late 1990s. Douglass said the decline is presaging long-
term structural problems such as airlines not having enough money to dcp%oy the
avionics equipment needed to develop a new air maffic control system.

On a positive note, AIA reported that the industry has logged a $5-billion in-
crease in its trade balance this year as the dollar value of acrospace imports into the
U.S. declined for the first time in seven years. The positive shift came despite a
modest drop in U.S. acrospace exports.

Douglass believes recommendations in the just-completed report of the Com-
mission on the Future of the U.S. Acrospace Industry can help turn the industry’s
situacion around even though it will be hard 1o find solutions for the airline crisis.
Last week, industry leaders met with senior representatives of several U.S. govern-
meng agencies to develop action plans for implementing the recommendarions. A
follow-up meeting is planned for February. o

\viationNow.com/awst
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Korea Acrospace Industries/Lockheed Martin T-50 advanced
trainer/light attack fighter flies at its operational altitude of 40,000
fi. on a recent test flight. Called the Golden Eagle, the T-50's max-
imum service ceiling is estimated at 48,500 {t., meaning climb is
then limited to 100 ft./min. at full afterburner. The 40,000-ft.

test included flutter, control and stability tests at Mach 0.6. The
aircraft is powered by a General Electric F404-GE-102 engine de-
tived from the F/A-18 (AW&ST Dec. 3, 2001, p. 58). KAl is us-
ing two test articles that by carly this menth had achieved 24.1
flight hours on 24 flights. High speeds, including use of the af-
terburner, at the high altitude are expected in coming weeks. ©

completing a 500-hr. flight test program.
The Dash 500, a 313-scat aircraft, hasa

8,650-naut.-mi. maximum range. [+

RUSSIA

Russia’s minister for aconomic devel-
opment and trade, German Gref, is re-

ried to have criticized Tupolev over the
Eock of progress on its Tu-334 regional jet-
liner. Gref warned thar unless substantial
progress was made, Russia faced losing its
commercial aircraft sector within the next
few years. ©

ASIA-PACIFIC

Philippines President Gloria Macapagal
Aquino was handed a setback last week
when the country's supreme court told her
government to return to the negotiating
table to sort out the controversy sur-
rounding Terminal 3 at Manila's Nonoy
Aquino International Airport. Aquino’s
government had abrogated a contract fa-
vorable to Philippine Air Terminal Co.
{(AWSST Nov. 18, p. 48). °

.\
s

[ )

In @ move mel with protests by con-
sumer groups, Australia’s Tourism Task
Force said airports and airlines will pass
the costs of baggage screening equipment
and other security measures on to pas-
sengers rather than see the government
pick them up as an antiterrorism expense.
Higher ticket prices are expected. ©

Correction: Kim Dac Jung is president of
South Korea, not North Korea (AWSST
Nov. 11, p. 48). The lcader of North Korea
is Kim Jung 1L [+
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T-50 Trainer Begins High AOA Flight Tests

South Korea’s air force has begun high angle-of-attack flight
tests of the Korea Aerospace Industries/Lockheed Martin T-50
Jjet trainer (right in photo) at Sachon AB, to verify predicted
AOA stall and departure timits, the aircraft’s departure chara-
teristics and the effectiveness of its digital flight control sys-
tem (DFCS) in preventing stalls and recovering from them.
Initial tests will use basic air-to-alr loadings and Include
planned departures from controlled flights, The T-50's DFCS

is designed to be departure-free during normajl operations
and to aid in the recovery of any out-of-control sltuation. It
has a high angle-of-attack limiter of 25-deg. ADA. Some 47
flights over four months are planned and will be carried out
by the second of four test aircraft. That aircraft has been fit-
ted with an external spin recovery parachute assembly, which
is shown during parachute testing, KAl and the air force have
conducted some 400 T-50 test sorties, -

started Boeing on a two-customer path
that would serve it well, building air-
craft for the military—the KC-135—and
commercial customers—the 707. ©

The FAA has proposed an airworthi-

ness directive requiring that certain
Boeing 747-series aircraft undergo a
one-time inspection to “find and fix”
discrepancies of the frame web and
inner chords on the forward edge
frame of the No. 5 main entry door

cutout. The proposed AD was prompt-
ed by a report of cracking of the frame
web and inner chords. The FAA notes
discrepancies could result in “cracking,
subsequent severing of the frame and
consequent rapid depressurization.” ©
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F-35 Transition to Production Well Under Way

F-35 Forward-Fuselage Assembly Begins. July 12 marked the official start of F-35
forward-fusalage assembly at Lockheed Martin in Fort Worth, Texas, U.S.A,, as workers
Ioaded a structural bulkhead into an essembly tool. Center-fuselage assembly is under
way at Northrop Grumman in El Segundo, Celif., U.S.A. Assembly of the aft fuselage and
tails wilt begin at BAE SYSTEMS in Samlesbury, England, later this year, First flight of the

F-35 is ptanned for 2006,

Carbon Fiber Production Under Way. BAE SYSTEMS has begun production of carbon
fiher compaonaents for the F-35, which will have a higher percentage of carbon fiber
content than any other fighter aircraft to date. The first components, being produced at
BAE SYSTEMS' Carbon Fibre Composites facility in Samlesbury, are the nacelle skins,
which form part of the aft fuselage and are located near the engine ducts in the world's

most advanced multirole stealth aircraft.

Honeywell System Helps Reduce Weight on F-35. Development testing has begun

on Honeyweli's new integrated Power & Thermal Management System (PTMS)

for the F-35. Tha PTMS, which integrates the auxiliary power, emergency power,
environmental control and electrical power ganeration into 8 single system, facilitates
significant weight reductions for the fighter. The integrated systam also offers better
reliability and lower life-cycle cost than separate systems.

First of carbon fiber production get

ander way a1 BAE SYSTEMS' Carbos Fibre Composites

Iacility in Samiesbucy, England.

NORTHROP GRUMMAN « BAE SYSTEMS « PRATT & WHITNEY « GE AtRCRAFYT ENGINES

LOCKHEED MARTIN




ASIA-PACIFIC

U.S. plans to reduce troop levels in
South Korea are prompting talk that
Seoul will increase its defense spend-
ing more than expected in Fiscal 2005.
Won Jang-hwan, director of the
Acquisition Policy Bureau, says the
Ministry of Defense will seek a 13.4%
increase next year, or 21.4 trillion won
{$18.5 billion). The U.S. says the cur-
rent level of 37,000 personnel will be
cut 12,000-13,000 next year. U.S. troop
commitment has been regarded as a
benefit to U.S. suppliers. During the
past decade, the U.S, has held close to
80% of Korea's defense procurement
budget. With the troop pullback, how-
ever, European equipment makers are
hoping that their chances of winning
major contracts will be improved. @

Corrections: In a report on Aviation
Week & Space Technology's Top-
Performing Companies study, the posi-
tion of Smiths Group plc was incorrect-
ly stated (AW&ST July 5, p. 43).
Thales, not Smiths, was the third-
largest generator of cash flow return on

OBITUARIES??

‘..Cas A orma:r halrman s nCEO IAMRCorp..diedof' .

8 heart dttack’July 10 at homé& i Dallas‘He was 841 1985/ Casey fetired from

New York'in'1979.}

e e sy

it§ ﬁrsi pmﬁt in slx FATS 3

investment among the major aerospace
contractors.

The article “Looking Ahead”
(AW&ST July 5, p. 25) contained an
incorrect reference to the moon Titan,
It orbits Saturn, not Jupiter,

A story on an advanced concept to
reduce fratricide misidentified a U.S,
Army aircraft being used as a surro-

FAMR fter 11 Years b £ bt  Temalned B Wieriber of the board 6f directors umtil 1991
He was Bppointéd by Presidént Géorge H.W. Biish I 199168 presidént hid Chief;
[exécutive of the Resolution Trust Corp., wh!clﬁiversa? failed Savingsand loari]
"ii'soc!atlons.’ind 172002 Presldént Gedrge, W, Bish’ nppolnted Casey toa nin

year term on the U.S. Postal Séiviéé Board of Goveraors. 1n nadditfon; Casey tauight
'at Souithern Méthodist University’s Edwin n L Cox Schaol 6f Buisiness™A native of
Boston, Casey was president of thé Times Mirror, Col fof eight years before join<y
ing AMR In’1974 and overscelng theairline’s headquarters move to Dallas from )

IEAzizan Zainul j\b d n, chalrman 0 Ma aymmincs (MAS) and Petronas,
Malaysia's natlonal il Company] mpany;died at homé néar Kiala Lumput o6 J uly 14 of
€7 HeWas 69, Nariied MAS ehalfitian i gar Early2001) YAzizdn helped !
restructure ¢ thé carrlér'soperations whilé i was Siraggling with’ cont{nuining lods™)

leifHis Ieadership [ Tredited wlth‘illowlng th"’éarrlcr In May'2003 {0 announce'

gate for a close air support aircraft in a
test (ANWEST June 21, p. 34). The air-
craft was a Beech C-12 twin turboprop.

Honeywell will be the sole provider
of air traffic and terrain avoidance warn-
ing functionalities for the Airbus A380,
through its Aircraft Environment Sur-
veillance System (AW&ST June 14,

p. 11). nla
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In a world where others are promising
more. We've opted to provide less.
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Goodrich's latest option to fulfil aumaﬂ s
lighting requirements offers you much lesy

« less maintenarice effort
« less lifetime cycle casts

v

» less power consumption

« less heat (plastic transparency
possible)

+less weight

But when it comes down to it, less is more,
With this new lighting system, you'll
experience a more reliable aircraft as our
products have a longer lifetime.

w!

What makes this complete exterior lighting
system so exceptional? It has no filament.
Look for this system to debut on the Airbus
Al80 aircraft.

When you're looking for products that
outshine the competition, contact us at

GOODRICH
g::fl:c'hsm; :mipltl

wwew ool com
e pooding b hetla vom

www.AvlationNow.com/y




- . News Article

22 November 2002 - Eurofighter Typhoon DAG6 Test Flight incident/Accident Update
(Hallbergmoos — 22 November 2002) Further to an earlier report covering the air incident
involving Eurofighter Typhoon DAG6.

During a routine test flight in the mountainous Toledo region of Spain the twin-seat
Eurofighter Typhoon DA6 was involved in an air incident that resulted in the loss of the
aircraft. The aircrew, EADS CASA Chief Test Pilot, Eduardo Cuadrado and Spanish Air
Force OTC Pilot, Ignacio Lombo, ¢jected safely from the aircraft and returned to the
EADS-CASA Flight Test Centre in Getafe. Following medical checks both were released
from care.

The incident occurred approximately 15 minutes afier take off from Getafe Flight Test
Centre over the Military Flight Test Range near Toledo (Poligono de Pruebas de
Anchuras). The aircraft was flying level at 45,0001t at a speed of Mach 0.7. In accordance
with pre agreed procedures for the use of development aircraft an investigation panel has
been formed to establish the cause of the accident.

Eurofighter Typhoon DAG is one of seven development aircraft in the programme. To
date the DA-fleet has accumulated more than 2,000 flight test hours. DA6 has
accumulated 362 missions for 326 flying hours. In addition, three Instrumented
Production Aircraft (IPA) recently joined the flight test programme.

The Eurofighter Flight Test programme has an exemplary Flight Safety Record. This
recent event is the only air accident to have occured in the Eurofighter development and

flight test programme.

Like all DA-senies aircraft, DAG is fitted with specialized Flight Test Instrumentation and
Flight Data Recorders. Real time data covering every aircraft system and parameter is
sent to the Flight Test Centre throughout every flight for analysis.

Based on established processes for military air accidents the investigation will be headed
by the Spanish Accident Investigation Agency (CITAM - Comision Investigacion
Tecnica Accidentes Militares) on behalf of NETMA and the four Eurofighter partner
nations.

In accordance with existing protocols Eurofighter will provide support to the
investigation through a designated Eurofighter Accident Surveillance Team.

© Eurofighter 2004 developed by open platform
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NTSBID:  FTWO3LA125

Aircraft Registration Number: N121CC

Occurrence Date:  04/08/2003

Most Critical Injury:  None

Occurrence Type: Accident

Investigated By: NTSB

Location/Time

Nearest City/Place

Olney

State Zip Code Local Time
X 76374 1545

Time Zone

CDoT

Airport Proximity.  On Airport

Distance From Landing Facility:

Direction From Airport:

Aircraft Information Summary

Aircraft Manufacturer Model/Series Type of Aircraft
CarterCopter Prototype Gyrocraft
Sightseeing Flight: No Air Medical Transport Flight: No

Narrative

Brief narrative statement of facts, conditions and circumstances pertinent to the accident/incident:

On April 8, 2003, at 1545 central daylight time, a CarterCopter prototype gyrocraft, N121CC, owned
and operated by CarterCopter LLC, of Wichita Falls, Texas, sustained substantial damage during a
wheels-up landing at the Olney Municipal Airport (ONY) near Olney, Texas. The private pilot and the
flight test engineer were not injured. The research and development flight was operated under Code
of Federal Regulations Part 91. Visual meteorological conditions prevailed, and a flight plan was not
filed. The local flight originated from ONY at 1530.

The pilot reported in the Pilot/Operator Aircraft Accident Report (NTSB Form 6120.1/2) that while
landing on runway 35 he was distracted by a twin-engine airplane taxiing on the runway and "forgot”
to extend the landing gear prior to landing. The flight test engineer reported in the Passenger
Statement Report (NTSB Form 6120.9) that the chase ground crew alerted the pilot that the landing
gear was not extended. Subsequently, the pilot attempted to go around by applying full power;
however, the gyrocraft impacted the runway surface.

Examination of the gyrocraft by the operator revealed that the tail boom was partially separated from
the fuselage and the top of the right rudder was separated. Additionally, the propeller was damaged.

The gyrocraft, which was built from composite materials, was powered by a 350-cubic inch
automotive engine, had accumulated over 360 hours. The pilot in command accumulated over
2,000 hours of flight time, 1,400 hours of rotorcraft, and 80 hours in the make/mode! of the
gyrocraft.

The airport manager at the Olney Airport reported at the time of the accident, the winds were from
the north at about 12 knots.
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NTSB ID:

FTWO3LA125

Occurrence Date: 04/08/2003

Occurrence Type: Accident

Landing Facility/Approach Information

Airport Name Airport ID] Airport Elevation |Runway Used| Runway Length | Runway Width
OLNEY MUNI ONY 1275 Ft.MSL{ 35 5000 50
Runway Surface Type: Asphalt
Runway Surface Condition: Dry
Type Instrument Approach: NONE
VFR Approach/tanding:  Full Stop; Traffic Pattern
Aircraft Information
Aircraft Manufacturer Model/Series Serial Number
CarterCopter Prototype 001
Airworthiness Certificate(s): Experimental (Special)
Landing Gear Type:  Retractable - Tricycle
mebuilt Aircraft? yeg | Numberof Seats: § |Certified Max Gross Wt. 3750 LBS| Number of Engines: |
—gine Type: Engine Manufacturer; Model/Series: Rated Power:
Reciprocating General Motors 350 CID 300 HP

- Aircraft Inspection Information

Type of Last Inspection

Date of Last Inspection

Time Since Last Inspection

Airframe Total Time

Continuous Airworthiness 03/29/2003 3.5 Hours | 363.8 Hours
- Emergency Locator Transmitter (ELT) Information
ELT Installed? Yes ELT Operated? Nop ELT Aided in Locating Accident Site? No
Owner/Operator Information
Registered Aircraft Owner Street Address
5720 Seymour Highway
CarterCopter City State | Zip Code
Wichita Falls TX 76310
Street Address
Operator of Aircraft Same as Registered Aircraft Owner _
Same As Reg'd Aircraft Owner City State | Zip Code

Operator Does Business As:

| Operator Designator Code:

- Type of U.S. Certificate(s) Held: Nqpe

Air Carrier Operating Certificate{s):

—erating Certificate:

Operator Certificate:

Regulation Flight Conducted Under: part 91: General Aviation

Type of Flight Operation Conducted: Flight Test
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National Tran&g{’;fﬂgn Safety Board NTSBID:  FTWO3LA125
FACT?} F'L. EPORT Occurrence Date: (34/08/2003
‘ \‘qx\”; OV Occurrence Type: Accident

First Pilot Information
Name City Date of Birth

Larry R Neal Boyd X On File 51
Sex: M| Seat Occupied: | eft Principal Profession: Civilian Pilot Certificate Number: On File

Certificate(s): Private

Airplane Rating(s):
Rotoreraft/Glider/LTA:
Instrument Rating(s}:

Multi-engine Land; Single-engine Land

Gyroplane

Npne

Instructor Rating(s}): None

Type Rating/Endorsement for Accident/incident Aircraft? Current Biennial Flight Review? 08/03/200
Medical Cert.: (Class 3 | Medical Cert. Status: ya1id Medical--no waivers/linhDate of Last Medical Exam: 0g8/13/200

. . f Airplang Alrplana
IIlght Time Matrix Single Engine| Mult-Engine

[otal Time 80 469 42
Pilot in Command{PIC) 80 449 22
Instructor
Last 90 Days 8 3

Last 30 Days 8 12
Last 24 Hours 2

Seathelt Used? Yes Shoulder Hamess Used? Yes Toxicology Performed? No |Second Pilot? Ng

Flight Plan/ltinerary
Type of Flight Plan Filed: ,
Departure Point | Airport !dentifier| Departure Time |Time Zone

Same as Accident/Incident Location ONY 1530 CDT
| Destination | Airport Identifier

Local Flight
Type of Clearance:

Unknown
Type of Airspace: Class E

Weather Information

'urce of Briefing: Unknown

Method of Briefing: Unknown
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National Trang ug.fftpn Safety Board NTSBID:  FTWO3LA125
FACTE[ PORT Occurrence Date: 04/08/2003
\qr, ]; ON Occurrence Type: Accident

Weather Information
WOF ID | Observation Time | Time Zone | WOF Elevation | WOF Distance From Accident Site | Direction From Accident Site

E15 1545 CDT 1123 Ft.MSL 20 NM 145 Deg. Mag.
Sky/Lowest Cloud Condition: Clear Ft. AGL | Condition of Light: Day

Lowest Ceiling: None Ft. AGL | Visibility: 10 SM | Altimeter:  30.38 "Hg
Temperature: 12 °C| Dew Point: .2 °C | Wind Direction: 320 Density Altitude: 795 Ft.
Wind Speed: 16 Gusts: 21 Weather Condtions at Accident Site:  Visual Conditions

Visibility (RVR): Ft. | Visibility (RVV) SM | Intensity of Precipitation:

Restrictions to Visibility: None

Type of Precipitation; None

Accident Information

Aircraft Damage: Substantial Aircraft Fire: None Aircraft Explosion None
__IHassiﬁcation: U.S. Registered/U.S. Soil
- Injury Summary Matrix Fatal Serious | Minor None TOTAL
First Pilot 1 1
Second Pilot

Student Pilot
Flight Instructor
Check Pilot
Flight Engineer
Cabin Attendants

Other Crew 1 1
Passengers
-TOTAL ABOARD - 2 9
Other Ground
- GRAND TOTAL - ) )
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National Trang 1{)’%@}1 Safety Board
FACTE,\BREPORT
AVENLION

NTSBID: - FTWO3LA125

Occurrence Date: (04/08/2003

Occurrence Type: Accident

Administrative Information

Investigator-In-Charge (1IC)

Hector R Casanova

Additional Persons Participating in This Accident/Incident Investigation:

Paul D. Vercellino
Maintenance Inspector
Federal Avation Administration
Forth Worth, TX 76177

FACTUAL REPORT - AVIATION




FORM APPROVED FOR USE THROUGH 7/31/98 BY OMB NO3147-0001,
NATIONAL TRANSPORTATION SAFETY BOARD
PILOT/IOPERATOR AIRCRAFY ACCIDENT REPOAT
This form To Be Used For Reporting Civil Alrcraft Accldents
involving Commerciat and General Aviatlon Alrcraft

Neareyt C Data of Accident Local Time Zone | Eleyaton At Accldent
GINE D DB Ien V'Fp! decldert Sne
ORI I, \onfogfos  \Pmnge e Joitsemis
i The Accident Occurred On Approach, Takeo!t or Within 3 Miles of An Aiport, Comglats Tha Foliowdng information
Proximity To Alrport

118 On Approach 30 Wihin 12 Ml 500 witin 1 Mie

2L Within 1/4 Mie 42 Within 34 Mile &0 Within 2 Mies

Arport idant RunwayAancing Surtace Conditons:

Arpor Name :
OLNEY MuNicypt 1@ Deacton. FE 3Xware 5B/ s Contton: Ao

Lengt: .7x(7 AKX Surface: /%
Phase Of Operation:

1.0 Standing 30 TakeoN 50 Cnise 70 Approach
20} Tad 40 cumb 8.0 Dascent

Alrcraft Information
Reglstration Mark Alrcraft Manufacturer Alrcratt Typa/Modsl Serlal Number Cart Bax Qrous WT

KiZlcc Cacfer Gafecs Byrepler = 00/

Typs Of Alrcraft Type Of Alrworthiness Certificate

Amateur Bullt
10 Arplane $0 pimp/Dirgible 13 Normal 5. Restricted
iD Heficopter 138 ‘gihl 20 Uity o ted 12

in]
Q Gider 7.2 Qyroptane 30 Acrobate ST Erarmmental 2D No
43 Balioon 82 Specity_______________ |40 Transport . e Specity
Landing Gesr

~ [No.OtSets
10 Tricycle—Fixad 417 Taiwhesi—Retractable 701 skid "

Flight/Cabin
2 & Teycle—Retractabla 5] Taiwhesl~Retractable Maing 8.0 Umited an:t
3.0 Tadwheel—Fixed 6.0 Amphiblan 9.0 Specity Pax

Sl Wamning System Installed 1FR Equipped Engine Type

10 Yes 12
23 No 20 No

700 Within 3 Miles
1.0 Bayond 3 Miey

8.0 HoverManauver
1003 Attude Of in-Fight Occumenca____ Feet MSL

10 Raciprocating—Carburetor 30 TrboProp 503 Tubo Fan
No 2.3 Reciprocatng--Fuel Injecied A0} Turbo Jet 60 Turbo Sha

Engine Manufacturer Engline ModelSeries Engine Aated Powser Type Of Firs Extinguishing

Cenertl Wdﬁfrf 150 (1D Loyvlie Sy Used

1 2} Horsspowar 1. Nons A
Lbs Thrust 2.Specity,
Engine(s)

Date of Mfg, Mig. Sarial No. Totwsl Time Time Since inspection Time Since Overhaul

Engine Na. 1 gjt//a;’@[_ 12201103 | 1254 3.6 Hous] 3,9

Hours
Engine Na. 2 Hours Haours
Engine Na. 3 - Hours Hours
Engine Na. 4

Hours
Type Of Maintsnance Program Type Of Lastinspaction
10 Al

Hours
Data Last Inspec P
10 Al 03_2'2“4;&’9 __pon)
2.0 Manutacurs’s inspection Program 20 100 Hors

Time Since Last IAspection 3 g
10 anp z
4B Contruous Arworthiness

Hours
w T
Emergency ELT Manutacturer

Modsl'Saries Serlal Number Battary Date
oo [ Ameci=Kinylacg AL s 35930 04O 1 o1/
tch

Operated Alded In Accikignt Location *
(EL1) 1tOon 2008 T Amed 10%s 2@ 10ves 28 No

Registerad Akrcraft Owner

Addrers ﬁiﬁ/z&r_&g__
Carter Coptere ki Bl Z63/0

Opa ©f Airerah

.G’"

1. Same As Registersd Ownar 1[4’ Same As Registered Owner
2. Nama 2,

3.068S:

NTIE Forra 4138 V2 (1VAT) This Form raplaces NTHE Farmpt! 20.4 [row 187T) and §120.7 (Mew10/77)
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Ovwmaer / Opecator Information (cont)

Operatoe (Cartificate Number) Opersior Designator {4 Latter Designaton
Purposs Ot Fliight And Type Of Ooeration
Reguiation Flight Conductar Under Operator Authorlty FAR 121,125, 127,129,138
13 FARI (orly) 40 FARY 70 FAR 1D FART2 FAR133 - Revenue Operations
2.0 FAR91D 50 FAR 128 8.0 FAR 138 1.0 Domestc 8.0 Rowrcran 10 Schedued
3.0 FaR 103 8.0 FAR 129 £0 FAR 137 23 Pag Externat Load 20 Non Schaduied
Putpose of Flight 30 siprienantal FARY2S i'g m
18 Pesoral $3 Aol ctaarmion FAR 138 70 targe Aeratt | 5O Passenger
32 Educatonal 60 Public Use ;:8 On Demand 6Q cago
40 Executve/Corporala 8.0 Ferry Commuter Flg 129 7+ Specly
5.0 Astial Application 100 Positoning 811 Foreign
Pliot Information . R
Pliot Name Pliot Address Nationality
arie Sonel Nfea! 223 UsA
Certificatd (3}
10 Sudent 3.0 commercial 5.3 Fught Instructor 7.0 mai 9.0 None
zm’gﬁwt. 4Q Nrine Transport &0 Fight Engineer 1.0 ror:?. 10.Specity
thlnng {s) Insta.l/ment Rating (s} instrutior Rating (s)
1. 6.0 Heficopler 1.3 None 1 Nons 6.0 Instument
2¥ Single Engina Land 70 Glider 20 Arplane 20 Arplane SE, 10 mm
a.a;éng!o Engine Sea 8.0 Fres Balloon 3.0 Helicopter 30 arplana ME. 8.0 Ground Instructor
4. @ Wuitengine tand t.%)lrshlp 4L Hellcopter 9.0 Specity,
5.0 Mutienging Sea 103 Gyroplane 503 Gider.
Type Ratings/Student Endorsemants Date O Blennlal Fight Review  |SFA Akcraft
s e O i 7307y v
o3/03/01 2 Model
Madical Certificate Date Of Last Medical Eimhations Dats Ot Blrth (MD/Y)
1.0 Nons 10 class2  |MWOM
20) Class { A D Class 3 07//3/0/ Walvers Db/z "l/is,
Dg,rn O Injury Seat Occupled Peryon At Controls At Tima Of Accldent Seat Bait Avallable
1.2 None 1.2t 40 Front 1 MnCortdh  4L) Non-Pilot 19 vos
2.3 Minor 20 FRight sQ Rear 20 SecondPiot  §Q) No On 20 o
2§ parous 30 Conter 3Q Bot o *
Sast Belt Shoulder Harness Shoukisr Harmness Source Of Fiiot Flight Tune Information
U;}d Avalisble U.E;/d ;. olf tors Estmat IJJ-.;g Spldfyw
1.8 Yes 18 ve 1. Yes o Csimale
20) No 20 No’ 20 No 30 FAA Records
This Maks| Abplare Alrplane Instrument Lighter
Filght Time Al AXC | & Mode! |Single Engine| Multlengine | Night [ Actusl  Simulsted| Rotorcraft | Glider Than Alr
Total Time 2,020 B0 7| 4£4 . 42 AW/ !#QE
Protin Command (PICY _ | /7351 F7e VA 4401 92 . 2| F.0 L3TE
Insructor N T
This Make & Model
Last 50 Days 7, q. K17
Las1 30 Days 208 7. ] [[-7
Lest 24 Hours 2e 2:21
Second PIIo Information o . ,
Second Pliot Rusponaibliities AL The Time Of Accident [/
1Q Co-Pilct 2.0 Dual Student A0 satety Piat 400 Check Plot 5.3 None [Pior-Ratsd Passengsr)
Pllot Nsm#e Pliot Cartificate No. Add asT’F— Nationailty
Bead King Zucbyelff Jexor NSA.
Cortificate (s)
1.8;::6«-1 30 commarcial 80 Flight Instructor 7.0 wuitary B.None.
2@ private 4.0 Autine Transport 6.0 Fught Enginesr 8.0 Foreign 10.Specity

Poge T




-yt

2cond Pliot Information (cont) -

L R R A L

N WEa R D L T T YR S T AR e
fgﬂ-) Instrument Rating (s) nsuctor Rating (s) .
Nons 8.0 Hasticopter 10 None 10 None tnsTumen
1 Single Engins Land 10 Gider 20 Airplane 10 Aiplane S.E. 70 hhm’-m
13 Single Enging Sea 30 Free Balloon 300 Hedcopter 30 Arplane ME. 10 Ground bniucey
1Q Mutengine Land i%)lnﬂp 45 Helcopter 8.0 Specity
10 Mutenging Sea 103 Qyroplane 50} Gider ——
o RazngwStudent Endorsements Dats O Blennhal Flight Review Eiﬁlﬁ;‘nn
or Equivsient (/DY) . ]
. 2. WModel__
sdical Cectificate Date Of Last Medical iimitations Dats Of Birth (RDVY)
2 None 10 cass2 | MOM
0 Casst 4 Can Walvers
#5ree Of Injury Sast Occuphd Sext Balt Avallable
Nona 10 Serious 1.8}-& 383 Contor 83 Rear 1B Vs
Minot 4Q ratal 20 Right 4Q Front 20 No
':ld Balit Shoulder Harness Shouldar Harness 10 Pl 0
Avallable Used . Loghook Company
s 1B 0s s 20 OperucraExtnan 50 Spedy
This Make| Alpire Alrplane __instyment Ughtar
ight Tima Al G | A Modsl | Single Encine] Multiengine Night [Actua! Simulated| Rotorcraft |  Glider Than Al
13l Tima -
ot In Command (PIC)
tructor
is Maks & Model
81 90 Days
5130 Days
st 24 Hours
Ther Personnel
Non- MNon-

Name Seat Address (City & State) Craw |Revenue Fevenue] Occupant | FAA | Fatl Serdous Minor Nona
Eght ltinerary Information
asi Departure Point Time Of Departure Destination Flight Plan Filed
Kponio _OAF trime _ 200  |namonio LKL k. " 40 VFRAFR
LCity/Placs ne-s 2. City/Place %m 80 Company (VFR)
tState T X as zm.m_&_«ﬁqﬁ_ 3. Stte TIXL Q IFR 6.0 MEary (VFR)

'Weather Was nvolved, State If Westher Brisfing Was Obtalned or if Weather Reports Were Checked And How it Was Accomplished

——

Vel On Board At Lpst Takeolt Fusl Type
Galions 1.0 sos? 40 115148 7.5pedly
or 2.0 100 Low Lead s.g}el A .
P Pounds 30 100120 A Asomotve
Mher Services, It Any, Prior to Departure
Wather Information At The Accident Site
rce Of Weathe? information Light Condition Vialbllity Temp ("F)
UOperator, Waather Observation) 10 Dawn 30 Dusk 8.0 Dark Night o
Lot 20 Dayight  AIQ Bright Night 20 e | 75
s

Pige )




P |

[“Weather Intormation At The Accktent Site (conl)
Dew Point Attimater Skyowsst Cloud Condhion -
Seting 1.3 Claar . e Owreast_______ FeatAGL
: 20} Scatered — Feet AGL 5 Pastal Cbscum
112] “Hals O Broken_________ Feet AGL €0 Otscurad
m_ m‘l’; 12 Restriction To Vialbliity Type Precipiation [intansity Of Precipitation
2. Ve X ) : : e 10 Upht 30 He
3 Gt::ﬂ' : : 20 Mmodenate i
Nar‘b\jpm (MuRiple Entry}
1/ & None 200 tigh 30 Modents 40 Savers 50 Extreme 6.0 Claan Air 70 1 Cloudts
Damage To Alreraft And Qther Proparty : LI AR N - . -
Degrea Of Alrcraft Damage Fire
t12 None 20 Minor 3% Swsuntal 40 Destroyed 10 Yos 30 inFight
: Ly 40 0n Ground
Description Cf Damage To Alrcraft And Other

SXlﬂ/Il”y& /‘) '?L;'f:DZR'DL‘ %4;/ .éé"'"Jf "/9"‘;0 *lrﬂl:ﬂ/((‘ /PJ'?‘I’Oyz/...

Mechanical Mattunction Falture -
1%0 Totsl Tima
203 Yas List Tha Namg Of Tha Part, Manutscturer, Part No., Sedal No.
And Describe The Failure
On Pan At Overtaud
Hours —_ Hours
Collision Accldant
4 Coilision Accident Occurred, Complets The Information For Other Aircralt
Repgistration Mark Alreraft Manufacturer Alrcratt Type/dodel Degree Ot Alrcraft Damage
1. Nastroyed 3.0 Minor
20 Substantal 40 None
Registered Alrcraft Owner Address ’
Pilot Name Addrass Pilot Cartificats No.
Evacustion Of Alreraft Toa- -
Aszistance Recetred
10 Ouside Person (s} 10 Ssiide 50 Ladder
20 Auxikary Lighting 40 Rope

&0 Spectty __ £ fusr e

Method Of Exit (State Approximats Number C1 Persons Using Each Ot The Following
t.MainDoor 2 2. Auxiary Door 3. EmepencyExt____

Recommandation (How Could This Accident Have Bean Preventad) - . 77

Openator/Owner Safsty Recommendation (Optionad Enry)
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twien”

A X TTH .
= Y

-}_',_‘_

rummmmmmmmmmmmmmmmnmwwm ——

Name FAA Certificats Fo. Addraas [ Tie

Certificatals)

10 Swdent 30 Commercial s.D FgM Instructor 70 Forelgn

20 Prvam 40 Arline Transport 80 Figm Engineer 0.Specily

Raungm.\dorumm Total Flight Time Flight Tlme This Accident

Name FAA Certificate No. Address Tioe

Cartificats(s)

150 Stcdem 30 Commercial 5.0 Fught lnstructor 72 Foraign

203 Private 40 Arfine Trarsport 8.3 Frght Enginesr 8.5pectly

Ratingx/Endorsamaents Total Fight Time Fiight Tima This Accidant

Name FAA Certificats No. Addresy Title

Cortificaia(s)

12 Student 30 Commarcial 5.0 Fight instructor 73 Forsign

20 Prhate 4f2 Artine Tranaport 810 Frgm Enginser 8.Spedity

Ratinga/Endorsemants Total Flight Time Flight Tims This Accident
Pege §




Narrative History Of FBght 45754y e on 1o 0o i oo qlp Ty e o iy R S S 21 % o R Ry

mmzmmwoﬂ«.mmmmmmmmmm Of Thas Accident. Describe The
Temain and include a Skach Of Wreckage Distribution i Perinert, Attach Extrs Shaets it Ne St O Deparrs, Time
Of Dogartre, Intended Desdnation And Senices Ottained, ‘ *ed. Sale Point

Aﬁ(r /Wfﬁfmff;jf 7/{& //éﬂﬂ’ﬂ/ 'F’f/#f became J/,‘ff)[ra(7%/

é} A 7L Wi CHgipne Air cmtc/ —HJ‘ wlr émf 7= 4{’/‘/'1:; ﬂ/éwn

punwe 35, 2 e fre exTra /ﬁ-fﬁ//fﬂ@ JUtfeee VT Hes
Hoveld while &M;’(fg’ Fo The Fwin engme 2ircr T T2
//‘/9‘2/7(, I jc‘;p/,f ﬁ ZV“"I' 7‘%2 AI/‘/A'? /e‘f/ ;L%;//L/

7l (a-ter [u/}if - (5'/»‘71 200" pfie- fﬂfrf" {/0a/ﬂ )

It Hersby Cactity That The Above Information Is Compista And Accurate To The Bat Of My Knowledge

Dats Ot This Ra Signature Of Pt
04/22/03 e ey f fans”

Signatirs Of Person Flling Report Other Than PllotOperator 74
1. Signature
2Type Or Print Name
1. Tie

. .. Sete o FOr NTSBUSSORNY 5w -bie 00t v et e j i a L L
NTSB Accldent Na. Reviewed By NTSB Office Located At Name Of Investigator Dats Raport Recelved
FTWPlLa 125 Qﬂfwa‘u», X sct Hedow,  caruore ‘f/(gr//)
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IO SRCEVT BEUNR
NTSB Form 6120.172

PILOT/OPERATOR AIRCRAFT ACCIDENT REFORT

Forms may be obtained from the Nationa! Transportation Safety

Board Field Offices and the Federal Aviation Mﬂﬂrﬁsmﬂon. Flight .
Standards Distriet Offices.

Rules pertaining to aircralt accident., accidents, overdue alrenaft,
and safety investigation are contained in Part 530 of the National
Transportation Safety Boards Regulations, 43CFR. These rules state
the authority of the Board's Regulations, 49CFR, These rules state the
authority of the Board, define accidents, Injuries, and other terms, and

provide procedures for initial and immediate notification by aircraft
pilots/openations.

A APPLICABILITY

The pilot/operator of an aircraft shall file a report with the Field
Office of the National Transportation Safety Board nearest the accl
dent or incident. The report shall be filled within ten (10) days after an
actident for which notification Is required by Section 830.5 or when
after seven (7} days an overdue aircraft is still missing.

The PilotOperator Aircraft Accident Report Form is used in deter-
miring the facts, conditions, and circurnstances for aircvaft accident
prevention activities and for statistical purposes. It is necessary that
ALL questions be answered completely and accurately to serve the
above purposes,

B. DEFINITIONS

L. “Aircraft Accident” means an occurrence with the operation of an
aircraft which takes place between tha time any person boards the air.
cralt with the intention of flight until such time as all such persons
have disembarked, and in which any person suffers death, or serious

imuryulmultdbunzlnorupon“\tlimiﬂorbydimtmnn

with the aircraft or anything attached thereto, of in which the arenit
receives substantlal damage.

2. “Substantial Damage” means damage or structunl fidure which
adversely affects the structural strength, performance or flight chane.
teristics or the aircra®t, and which would normally require major
repair oc replacement or the affected component. NOTE: Engine il
ure (damage imited ta an engine), bent fairing or cowling, dented
skin, smalt punctured heles in the skin or fabri¢, ground damage to
rotor or propeller blades, damage to landing gear, wheels, tires, flaps
engine accessories, brakes, or wing tips are not considered *substantial
damage® for purposes of this report.

3. “Demolished” includes destruction by fire

4. "Openator” means any person who tauses or authorizes the oper-
ation of an aireraft, such as the owner, lessee, or bailee of an aircraft.

5. “Fatal Injury” means any injury which results in dnthmt!nn
thirty (30) days of the accident.

6. "Serious Injury” means any injury which (1) requires hospitaliza-
tion {or more than 43 hours, commencing within 7 days from the date
the Injury was recefved: (2) results in a fracture of any bone (exzept
simple [racture of finger, toes, or nose): (3) involves lacerations which
cause severe hemorrhages, nerve, muscle, or tendon damage: (4)
invalves injury to any internal organ; or (5) involves second- or third-

degree burns, or any burns affecting rmore than 5 percent of the body
surface,

INSTRUCTIONS TO PILOTS/OPERATORS FOR COMPLETING THIS FORM
1t Is necessary that ALL questions on this report be answered completely and accurately.

Itern 1. Location: Use the name of the nearest community that hasa
Post Qffice in the state where the accident occurred, Date & Time:
Indicate if daylight saving or standard time.

Elevation: Provide elevation of the accident site.

Airport Idenlification: Provide 3 or & character Identifier, Runuway:
Direction—heading being used; Surface—composition, i.e., con-
crete asphalt, grass, ete; Condition—wet, slick, soft, etc.

Phase of Operation: During what Phase of Operation did the acci-

dent occur. Note: If the accident occurred inflight, state the alti-
tude of the occurrence.

Item 2. Aircraft Data: Make and Model—enter as shown onalreralt
registration certificate; Engine—enter make and model as shawn
on engine nameplate,

Certificated Max Cross Welpht—Indicate the certificated max gross
weight for the aircraft involved in the occurrence,

Type of Fire Extinguishing system— Include hand type extinguish-
ery, If fire was Involved, and extinguisher was used.

Jtemn 3. Purpose of Flight and Type of Operation: More than one selec-
tion may be made ta indicate the type of operation that was being
conducted at the time of the occurrence,

Poge?

Item 4. Pilot Information — Pilot-in-Command {PIC) Includes solo
flight tirme, Instructor—indicate all dual flight instructor given.

Item 5. Second Filot Information—Indicate the capacity in which the
second pilot was acting at the time of the accident

Itern 6. Self-Explanatory.

ltem 7. Sall- Explanatory.

Jtern 8. Weather Information at the Accident Site. Indicate the wether
conditions at the accident site at the time of occurrence.
Sky/Lowest Cloud Condition: If cloud condition was scattered, bro-
ken or overcast, include height of clouds above ground level.
Restriction to Visibility: Haze, dust, smoke, log, ete.

Type Precipitation; Rain, snow, hail, etc,

Item 9. Collision Accident. This includes collision with parked aircralt.

Itern 10-14. Are sell-explanatory.

Ttern 15. Additional Flight Crew Members. This page should be com-
pleted if there are more than two required Qight ¢crew members on
the aircraft, This also Includes a check airman performing official
duties. For aircraft requiring two flight crew members or less, and

there were not other required flight crew members invatved, sepa-
rate this page.




FORM APPROVED FOR USE THROUGH 9730797 BY OMB NO. 3147-0002

NATIONAL TRANSPORTATION SAFETY BOARD
Washington, D.C, 205%4

PASSENGER STATEMENT

The National Transportation Safety Board, a Federal Agency, is charged by an Act of Congress with the investi-
galion of transportation accidents. The Safety Board issues reports and makes recommendations to other federal

and local agencies and to the industry to prevent furure accidents and to prevent unnecessary injuries caused by
such accidents,

We would appreciate very much your assistance in giving us the benefit of your personal observations and com-
ments regarding this accident so that we may better evaluate the facts, conditions and circumstances surround-
ing this accident. Your observations also could assist us greatly in our evaluation of the cause of injuries as well
as the adequacy of equipment and procedures affecting your survival and escape,

In addition to completing the following specific information, please feel frec to comment on any aspect, before,

during or after the accident, that you belicve may have had a bearing on the accident cause or on subsequent
events,

STATEMENT
Date of Accident: 4’ - ﬁ’ Q> Location of Accident: .04«/126 7 72
Name: e Age: -_ Height:_ Weight: —
Address: LYVANS L st & 06 3

Occupation: __A67/2g2 Telephone:
Injuries: fove

If you sustained injuries and were treated, provide name and address of doctor or treatment facility:

Are you handicapped (through vision, missing limbs, spinal problems, ctc., which may affect your movements.)
Please specify:

Seat Location: If you do not recall your seat number, please specify your position as on the left or right, aisle or
window location, number of rows from the front or back, near a specific door or any other method which will

assist in locating your position.
Cofeor Stwr Riehr [Rorss

NTSB Form 6120.9 (Rev. 10/94)




A. MY OBSERVATIONS BEFORE THE ACCIDENT

Describe your observations before the accident happened such as the weather conditions; the lighting condi-
tions; whether or not you have a seatbelt fastened; your outside observations, etc.
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B. MY OBSERVATIONS DURING THE ACCIDENT

Describe the accident circumstances considering such things as any unusual occurrences during the accident;
the presence of fire or smoke; the direction in which you were thrown; the severity of the impact; etc.
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C. MY OBSERVATIONS AFTER THE ACCIDENT

Describe your method of escape and any difficulties encountered with your seat, seatbelt, dehris, etc.: the reac-

tion and behavior of other passengers; your observations of any outside rescue attempts; any occurrence which
seemed unusual to you; ete,
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D .OTHER GENERAL OBSERVATIONS

You may use this space to comment on any other aspect of the accident or you may sketch the general accident
scene as you observed it, your escape method or the location of fire, ete.
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NORMAL PROCEDURES

BEFORE EXTERIOR CHECK

l. Covers, Tiedowns, Locking Devices, Grounding
Cables — Removed and stowed

2. Cockpit safety check
— Master & Ignition Switches Off)
- Red guarded switches (4) - DOWN

3. Publications/Aircraft & Pilot documents

4. Fuel sample (first flight of the day)

EXTERIOR CHECK

Main rotor blades, linkages, spindle, pylon, & mast
Left cockpit window area

Nose, nose wheel, and nose boom
Right cockpit window

Right wing leading edge

Right wing trailing edge

Right main landing gear

Right side engine compartment
Ballistic chute cover — Installed and secure
lO Right tail boom and rudder

11, Camera cap removed

12. Horizontal stabilator

13. Left rudder and tail boom

14. Propeller and propeller hub

15. Left side engine compartment

16. Ballistic chute — verify armed

17. Fuel quantity and quality

18. Left main landing gear

19. Left wing trailing edge

20. Left wing leading edge

N-1

PN W

NORMAL PROCEDURES

INTERIOR CHECK

SeeNaLrELL -

N B N e opme e s e e bt et

23,
24.
25,
26.
27.

28.
29.

Cabin - Condition and security
Restraint harmess — Fasten and adjust
Helmels — Fasten and adjust

Main gear — AIR EXTEND

Nose gear — AIR EXTEND

Prerotate clutch pressure - LOW

Air pump - OFF

VAC pump — OFF

Collective Assist— MANUAL

. Pylon— MANUAL

-~MANUAL
- MANUAL

. Gnd Ext - OFF

Fan (cockpit air} — As desired

. Fuel pumps — REAR

. Prop Controller - AUTO

. Avionics Master switch — OFF

. A/S- MANUAL

. Pilot/Copilot switch - Left

. Cyclic Lock - Lock

. Master switch — OFF

. Circuit breakers — IN (except cooling fans (2) &

electric air pump (1))

Copilot Display/Reset - UP

Copilot main display switch - UP

Prop Control switches - CENTERED

Engine [gnition switches (2) - OFF

Intercom priority — CNTR (headset) (VOX light on,

Music light off)

Collective hold switch — (left cyclic) AFT/MANUAL

Prerotator clutch/rotor rpm switch ~ (right cyclic) AFT
N-2

1P:LT1  £022-2T-Au

NIHOS ENICA3y

£492 969 ove

eB'd



NORMAL PROCEDURES

ENGINE START

P‘-J?\M&-NN-—
. . - - . .

Throttle - IDLE

Master switch - ON

Avionics master switch — ON

Alarms — VERIFY working

Center display — SELECT Page |

Pilot & Copilot Display — As desired (Page 12)
Collective — Set at 0°

Electric Air Pump Circuit Breaker — IN then OUT
(verify air pump opcrating)

Avionics — As needed

. Radio Selection —2 & Both
1l
12
13.
14,
15.
16.
17.
18.
19.
20,
21.
. Pylon+ AUTO
23.

Brakes - HOLD

Signal ground crew — “PROP CLEAR”
Ignition engine switch — ON (check light on)
Ignition aux battery switch —~ ON

Start switch— OUT/MOMENTARILY DOWN
Alarms - CHECK

Display page 1 - CHECK parameters

Air Purnp — ON (check pressure)

Vacuum Pump ~ OFF

Verify Pilot & Copilot switch- Coll & Prerotate
Collective Assist— AUTO

Fuel pumps - TOGGLE & VERIFY, setto REAR
— Low pressure — OFF / REAR (Verify warning)
— High Pressure — FRONT / OFF / REAR (Verify
engine sputters in OFF and return to REAR)

. Display page 2 — Check EGTs
. Display page 3 — Verify parameters (Cyclic trim —

Check and set 0° S/S & +5° (aft) F/A)

N-3

NORMAL PROCEDURES

BEFORE TAXI

NELN e~

Engine water temp — VERIFY 150 deg min
Flight Instruments — ON As needed
Suction gauge - GREEN (if pump on)

Fuel Quantity - CHECK
Navigation/anti-collision lights - AS REQ

PREROTATE FOR TAXI

LENNE LN~

Throttle — IDLE (1200 RPM)

Collective hold switch — AFT (left cyclic switch)
Collective - CHECK hold then set at 0°

Cyclic Position ~ 0° §/S/+5° (aft) F/A

Clutch pressure — LOW

Pylon — AUTO —~ Check aft 18°

Clutch arming switch— AFT (right cyclic switch)
Signal ground crew — “ROTOR CLEAR”
Prerotate clutch - ENGAGE (check light on)

. Brakes - PUMP (until no pedal movement)

. Cyclic—~ FULL AFT (90 RPM TO 120 RPM)

. Clutch pressure ~ HIGH at 120 RPM

. Throttle —- INCREASE gradually until 145 RPM
. Brakes - HOLD

. Clutch arming switch— FORWARD (right cyclic

switch)

. Throttle — IDLE (1200 RPM)
. Flight Controls - VERIFY free & correct (TM

checks if required)

. Spindle trim ~ VERIFY proper motion (= 50%

travel), set 0

. Brakes — CHECK

N-4
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NORMAL PROCEDURES

REPEAT PREROTATE (When Rotor < 40 RPM
or Flapping > 3° or for Take off)

1. Brakes-HOLD

2. SetPitch Hold —4°

3. Throttle ~ IDLE (1200 RPM)

4. Collective hold switch— AFT (left cyclic switch)

5. Cyclic -0 degrees S/S and + 5 degrees (aft) F/A

6. Collective — Set 10 0°

7. Clutch pressure switch - LOW if RPM < 120

8. COLL ASSIST - AUTO

9. Pylon—- AUTO

10. A/S - MANUAL

11. Cyclic Lock - LOCKED

12. Clutch arming switch — AFT (right cyclic switch)

13, Prerotate clutch - ENGAGE (check light on)

14, Brakes — PUMP (until no pedal movement)

15. Clutch pressure switch - HIGH if RPM > 120

16. Throttle - INCREASE gradually until 225 RPM

17. Brakes - HOLD

18. Clutch arming switch — FORWARD (right cyclic
switch)

19. Cyclic Lock Switch - UNLOCK

20. Throttle - IDLE (1200 RPM)

NORMAL PROCEDURES
BEFORE LANDING (Prior to 1,000’ AGL)
1. Main Gear - AIR EXTEND (below 125 MPH)
2. Nose Gear— AIR EXTEND (below 125 MPH)
3. Rotor RPM — Check and adjust with collective (225
RPM MIN)
4. Check Gear Lights — 3 GREEN (after approx 10 sec)
5. Check Red pressure lights — 2 QUT (after approx 10
sec) Nose gear red light ON indicates < 300 PSI
6. Main gear pressure ~ CHECK
» 175 PSI normal / 100 PSI min
7. Air pump pressure — CHECK
» 175 PSI normal / 100 PSI min
> Nose gear pressure indicated while nose gear being

pumped
BEFORE TAKEOFF

If WATER X TEM (WexT) > 235°
1. Point aircraft into wind
2. Throttle — 2000 RPM until water temp is < 235°

If WATER X TEM (WExT) < 235°
3. Cockpit and tail boon cameras - ON
- Cycle master switch ~ OFF momentarily
- Cameras - ON
- Displays - RESET
4. Prerotate (see procedure on N-5)
- Throttle - INCREASE slowly to full throttle once
engine > 1800 RPM)
- 325-350 RPM (rolling) or 375-425 RPM (jump)

N-6
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NORMAL PROCEDURES

ENGINE SHUTDOWN

Throttle - IDLE

Avionics master switch - OFF

Ignition & Battery switch — OFF

Cyclic Lock - LOCKED

Brakes - HOLD

Cyclic - 0 degrees S/S and +5 degrees (aft) F/A
Raise collective slowly to decay rotor rpm

(full up <200 RPM )

8. Collective - DOWN

9. Cluch pressure — - HIGH (<90 RiPM)
10.Clutch arming switch — AFT (right cyclic switch)
11.Prerotate clutch - ENGAGE (check light on)
Wheb rotor stops

10. Master switch— OFF

NOL W

BEFORE LEAVING THE AIRCRAFT

1. Forms — Complete
2. Cockpit safety check
1. Master switch—- OFF
2. Ignition switch — OFF
3. Ignition battery switch — OFF
3. Walk-around — Complete
4. Secure aircrafl — As required
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EP-1
EMERGENCY PROCEDURES

FIRE ON THE GROUND

1. Fire - CONFIRM

2. Fire extinguisher switch(s) — ON based on
appropriate high temp. light

Cabin door - OPEN

. Engine ignition — OFF

. Ignition battery switch — OFF

. Master switch — OFF

When rotor arc is clcar

7. Aircraft -EVACUATE

ENGINE OR ELECTRONICS BAY FIRE

(INFLIGHT)

1. Throttle - REDUCE to minimum practical

2. Fire extinguisher - ACTIVATE

3. High pressure fuel pump - OFF

4. Land — As soon possible (plan for power-off
approach and landing)

if fire persists

5. Engine ignition — OFF

6. Ignition battery switch — OFF

After landing

7. Engine ignition — OFF

8. Ignition battery switch — OFF

When rotor arc is clear

4. Aircraft — EVACUATE

AW w

EP-2
EMERGENCY PROCEDURES

EXCESSIVE NOISE/VIBRATIONS
1. Collective - FULL DOWN
2. Throttle — IDLE

3. Land — as soon as possible (plan for power-off

approach and landing)
4. Throttle - only ag required for landing

UNIDENTIFIED NOISE/VIBRATIONS

ON THE GROUND

1. Engine ignition — OFF

2. Collective — RAISE slowly to decay rotor
RPM (full up <200 RPM)

3. Clutch pressure switch - HIGH (<90 RPM)

4. Collective — 0° <90 RPM

5. Clutch/brake arming switch — ARMED

6. Clutch switch - ENGAGE (check light on)

When rotor stops

7. Master switch — OFF

brilT  fe02-2T-A
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EP-3
EMERGENCY PROCEDURES

UNIDENTIFIED NOISE/VIBRATIONS
IN FLIGHT

Climb and turn in direction of airfield

Determine source of noise/vibration

Rotor noise/vibration

1. Collective ~ REDUCE as much as practical

2. Rotor RPM - REDUCE to Min practical

3. Lower landing gear

4. Land - As soon as possible (plan for power-
on approach and landing)

Engine/propeller noise/vibration

1. Throttle - REDUCE as much as practical

2. Lower landing gear

3. Land — As soon possible (plan for power-off
approach and landing)

If vibration excessive

4. Engine ignition - OFF

5. Electric air pump ~ ON (circuit breaker in)

After landing

6. Engine ignition — OFF

EP-4
EMERGENCY PROCEDURES

RUDDER FAILURE
1. Airspeed - REDUCE
» Throttle — slowly reduce to min practical
» Pitch Attitude — slowly increase
» Collective — as required to maintain rotor
RPM
2. Landing Gear - DOWN
3. Land as soon and as slow as possible
4. Engine ignition — OFF
5. Master switch — OFF
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EP-§
EMERGENCY PROCEDURES

ROTOR CONTROL FAILURE
If ynable to maintain aircraft contro}

1. Ballistic Chute - DEPLOY
2. Lower landing gear

3. Engine ignition — OFF

4. Master switch — OFF

5. Prepare for crash landing

If able to control aircraft

1. Airspeed — MAINTAIN GREATER THAN

150 MPH with power and glide path control

2. Land - as soon as possible (Plan for power-on
approach and landing)

3. Landing gear - DO NOT LOWER OFF
RUNWAY

4, Fly shallow approach maintaining no less
than 150 MPH until just above runway

5. Reduce power when landing is assured and
ho!d nose off runway as long as possible

After landing

6. Engine ignition - OFF

EP-6
EMERGENCY PROCEDURES

ENGINE/THROTTLE FAILURE

If engine failed or throttle stuck closed
1. Throttle - MAXIMUM AVAILABLE (until

landing assured)
2. Lower landing gear
3. Electric air pump — ON (circuit breaker in)
4. Collective — AS REQUIRED to maintain
flapping within limits
1. Plan for power-off approach and landing
2. Airspeed — Maintain between 40 & 70 MPH
5. Short roll landing - ACCOMPLISH

If throttle stuck open

1. Climb until landing assured

2. Landing gear — DOWN when landing
assured

3. Electric air pump circuit breaker - IN

4. Engine ignition — OFF when landing is

assured

Engine battery switch — ON after engine

stops

. Plan for power-off approach and landing

. Maintain airspecd between 40 & 70 MPH

Short roll landing - ACCOMPLISH

Master switch - OFF

ol
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EP-7
EMERGENCY PROCEDURES

NOSE GEAR FAILS TO EXTEND
1. Air pump circuit breaker - RESET
2. Landing gear switch - RESET
3. Land normally and leave aircraft on tail

wheels

ONE MAIN GEAR FAILURE TO EXTEND
1. Landing gear - RETRACT MAIN
2. Nose gear - EXTEND
3. Consider landing on soft terrain

ALL/BOTH MAIN GEAR FAILURE TO

EXTEND
1. Air pump circuit breaker — RESET

2. Landing gear switch — RESET
4. Consider landing on soft terrain

S9v:ET  CRBZ-ZT-ALM
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EXPANDED PROCEDURES
TAKEOFF

Brakes — Hold

2. Torque - increase slowly to full throttle once engine

>1800 RPM

Cyclic —Full aft (10 depg)

Clutch arming switch — FORWARD (right cyclic

switch)

Brakes release - when engine specds up

Steer with brakes until approx 40 mph

Collective - 4° in 2 sec. Start once aircraft is rolling

and linced up. This helps hold pitch attitude. Init's
retract position, landing gear is mushy and detracts
from pitch capture.

8. Capture pitch attitude (lower line on horizon) and hold
with cyclic.

9. Hold collective until "flapping warning" then decrease
collective to hold maximum rotor pitch (4-5 degrees
of flapping). This will occur about 3 seconds after
liftofT.

10. As aircraft is climbing and accelerating, move cyclic
forward to hold pitch attitude,

11. Climb at 75 mph minimum to mid-field and then
slowly accelerate 10 95 mph.

12. Landing gear — UP (1,000 AGL minimum)

ot
-

W

N

EXPANDED PROCEDURES

NORMAL LANDING (Best rate of glide)

1.
2.
3.

Nowa

Collective - set to hold 4-5° flapping

Approach speed - 75 mph

At twenty feet AGL - Start gentle flare with cyclic to
stop descent and level. Allow aircraft to pitch up and
lower line to rise two inches above horizon and then
reset to Jower line to horizon

Cyclic - AS REQUIRED to hold lower line on horizon
Collective - AS REQUIRED to flare

Cyclic - AFT as main gear touchdown

Keep collective up and stick back until aircraft nose is
lowered

Once nose firmly on the ground

8.
9.

Collective — Full down
Cyclic — Full Centered

NORMAL LANDING (Steepest Approach)

1.
2.
3.

N

Collective - set 0 degrees

Approach speed - 60 mph

At thirty feet AGL - Start gentle flare with cyclic to
stop descent and level. Allow aircraft to pitch up and
lower line to rise two inches above horizon and then
reset to lower line to horizon

Cyclic - AS REQUIRED to hokd lower line on horizon
Collective - AS REQUIRED to flare

Cyclic - AFT ag main gear touchdown

Keep collective up and stick back until aircraft nose is
lowered

Once nose firmly on the ground

8.
9.

Collective — Full down
Cyclic — Full Centered

£ooS-21=-At
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ZERO ROLL LANDING

1. Collective — 0° till rotor RPM is above 300

2. On final- 75 MPH airspecd (65 MPH min)

3. Throttle—idle

At approximately 20 ft AGL

4. Flare
- Cyclic - position lower windshield reference line 2”
above horizon and then back to borizon after slowed

5. Collective as required to cushion landing

6. Touch down at pear full collective

7. Use brakes to prevent aft rotation during acrobrake

AERODYNAMIC BRAKING

13. Cyclic — As required to hold lower line on horizon

14. Brakes —Use as a drag device to control landing
attitude as collective tends to pull you backwards.

15.Collective - Slowly increase as speed slows (reach 8°
or more as aircraft ground speed slows to 20 MPH.

16. Brakes - Increase braking as required to gently lower
the nose before ground speed drops below 10 tol 5
MPH.

17.Cyclic — Full aft prior to nosc drop

18.Keep collective up and stick back until aircraft nose is
lowered

Once aose firmly on the ground

19. Collective — Full down

20. Cyclic — Full Centered

AIRCRAFT STOPS ON TRAINING WHEELS

If Rotor RPM > 225 RPM

Collective — Down

Rotor — Confirm 225 RPM or greater

Cyclic — Full aft

Brakes - release

Throttle — Increase until > 15 MPH

Throttle — Idle

Brakes ~ Gently lower nose before aircraft stops
Collective - Slowly increase as nose lowers

- Should be > 8° when lower line i3 on horizon
9. Keep collective up and stick back until nose s low
Once nose firmly on the ground

10.Cyclic — Full forward

I1.Collective - 0°

If Rotor RPM < 225

Cyclic — Centered (+5 F/A)

Throttle — Idle

Avionics master switch - OFF

Ignition & aux battery switches (2) — OFF

Brakes — Hold

Raise collective slowly to decay rotor rpm

(full up <200 RPM)

7. Clutch pressure switch - HIGH (< 90 RPM)

8. Collective ~ Down <90 RPM

9. Clutch arming switch - AFT (right cyclic switch)
10. Prerotate clutch switch ~« ENGAGE (check light on)
11. Master switch ~ OFF (once rotation stops)

12. Exit aircraft

13. Lift on horizontal stabilizer until nose lowers

PN WD -
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Photo. General view of the gyrocraft's fuselage damage.
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National Transpssm=mon Safety Board
Washingt C 20594

Brief of Accident

Adopted 07/23/2003

FTWO3LAL25

File No. 13695 Aircraft Reg No. N121CC Time (Local): 15:45 CDT

04/08/2003 Olney, TX

Make/Model: CarterCopter / Prototype Fatal Serious Minor/None
Engine Make/Model: General Mators /7 350 CID Crew 0 0 2

Aircraft Damage:

Number of Engines:
Operating Certificate(s);

Type of Flight Cperation:
Reg. Flight Conducted Under:

Last Depart. Point:
Destination:

Airport Proximity:

Airport Name:

Runway ldentification:
Runway Length/Width (Ft):
Runway Surface:

Runway Surface Condition:

Pilot-in-Command Age:

Certificate{s)/Rating(s)

Substantial Pass 0 0 0

1

None

Flight Test

Part 91: General Aviation
Aircraft was Homebuilt

Same as Accident
Local

On Airport
OLNEY MUNI

35

5000/ 50
Asphalt

Dry

51

Private; Multi-engine Land; Single-engine Land; Gyroplane

Instrument Ratings

Condition of Light: Day
Weather Infa Src: Weather Observation Facility
Basic Weather: Visual Meteorological Cond
Lowest Ceiling: None
Visibility: 10.00 SM
Wind Dir/Speed: 320 / 016 Kis
Temperature (*C): 12
Obstr to Vision: None
Precipitation: None

Flight Time (Hours)
Total All Aircraft; 2000

Last 90 Days: 38
Total Make/Model: 80

None Total Instrument Time: Unk/Nr

While landing on runway 35, the pilot was distracted by a twin-engine airplane taxiing on the runway and “forgot® to extend the landing gear prior to landing. The chase ground
crew alerted the pilot that the landing gear was not extended. Subsequently, the pilot attempted to go around by applying full power; however, the gyrocraft impacted the
runway surface.




. Brief of Accic"‘:f (Continued)

FTWO3LAL25
File No. 13695 04/08/2003 Olney, TX

Qccurrence #1: WHEELS UP LANDING
Phase of Operation:  LANDING - FLARE/TOQUCHDOWN

Findings
1. (C) GEAR EXTENSION - NOT PERFORMED - PILOT IN COMMAND
2, (F)DIVERTED ATTENTION - PILOT IN COMMAND
3. WHEELS UP LANDING - PERFCRMED - PILOT IN COMMAND

Findings Legend: (C) = Cause, (F) = Factor

The National Transportation Safety Board determines the probable cause(s) of this accident as follows.
The pilot’s failure to extend the landing gear. A factor was his diverted attention.

Printed on 05/05/2004

-

Aircraft Reg No. N121CC

Time (Local): 15:45 CDT
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National Transpe=—on Safety Board
_ Washingt==—=C 20594
Brief of Accldent
Adopted 3/30/2005
IADO3MAO49 ‘
File No. 17499 _ . _4@26r003 _ _ _  lomaAma,TX__ _  _ __ __ Aircraft Reg No, N138BF _ _Time(Local): 1003COT____
Make/Model: Sino-Swearingen / $J30-2 Fatal Serious Minor/None
Engine Make/Model: Williams International / FJ-44-2A Crew 1 0 0
Aircraft Damage: Destroyed Pass 0 0 0
Number of Engines: 2
Operating Certificate(s): None
Type of Flight Operation: Flight Test
Reg. Flight Conducted Under: Part 91: General Aviation
Last Depart. Point; San Anlonig, TX Condition of Light: Day .
Destination: Local Weather Info Src:  Weather Observation Facility
Airport Proximity: Off Airport/Airstrip Basic Weather: Visual Meteorological Cond.
Lowest Ceiling: None
Visibility: 10.00 SM
Wind Dir/Speed: 330/010 Kis
Temperature ("C). 16
Obstr to Vision: None
Precipitation: None

Pilot-in-Command Age: 59 Flight Time (Hours)

Cenificate(s)/Rating(s)

Airline Transport; Multi-engine Land; Single-engine Land
Instrument Ratings

Airplane

Total All Aircraft: 12000
Last 90 Days: 39
Total Make/Model: 625
Total Instrument Tima: Unk/Nr

The corporate jet was in a descent to attain a Mach 0.884 targel speed during an airplane type certification flutter test. The airplane (a unique test bed) had a known speed-dependent
tendency to roll right which was attributed to wing and aileron twist deviations. As the speed increased during the accident flight, the pilot had to apply full left aileron to be able to maintain
airplane control. The airplane compleled the test point about 30-degrees right-wing-low, and subsequently began to roif to the right, "like a barrel roll...not real fast,” that the pilot reported he
could not stop. Although the manufacturers engineering analysis (which did not include any high-speed wind tunnel testing) predicted positive lateral stability up to Mach 0.90, lateral control
was lost during the accident flight, and the airplane rolled about 7 times during a 49-second timeframe, from about 30,500 feet until a near-vertical ground impact. A review of telemetry dala
revealed that, just before the rolls began, the airplane's elevator moved to the 3.5 degrees trailing-edge-up (TEU) position, and the airplane’s heading devialed right. Less than 1 second
later, the rudder moved from 2 degrees trailing-edge-left (TEL), to 6.5 degrees TEL, and the combination of the TEU elevator and the left rudder input coincided with a marked increase in
airplane’s right deviation.  Elevator-up deflection and rudder-left defection were maintained, with some variation in magnitude, 1o nearly the end of the data. Because the known
speed-dependent tendency 1o roll righl had created significant control problems on a previous flight, the ailerons were removed, modified and replaced, and a Gumney flap was added to the
right wing. After the addition of the Gumey flap, the lateral trim margin improved to about 40 percent required (where 50 percent was neutral) up 1o 305 KCAS. It was then determined that
flutter testing could continue to higher airspeeds if the pilot needed to apply a "small* wheel force to augment the trim. The pilot had been instructed to reduce airspeed if there was a
problem during the flutter testing, and had done so during an uncommanded roll to the left on the previous flight. Telemetry data from the accident flight revealed that at initiation of the
upset, the pilot atlempted to level the wings and raise the nose, but the airplane continued to diverge from stable flight, and it continued to accelerate beyond the airplanes demonstrated
flight diving speed. It is undetermined if the pilot could have reduced the speed of the airplane in time, during the initiation of the upset, so that the airplane would not diverge. After the
accident, the company conducted high-speed wind tunnel tests, and found that lateral stability decreased with increasing Mach and angle of attack (AOA). Lateral stability became negative
{unstable} above Mach 0.83, and rudder input intended to augment lateral trim above a certain Mach could aggravate the situation. In addition, a TEU elevator input would Increase ADA,
and also result in deteriorated lateral stability. High speed wind tunnel data also revealed that roll authorily deteriorated above Mach 0.86, and by Mach 0.88, the aileron upper and fower
surfaces were both in separated flow regions. The follow-on flutter test airplane, which successfully completed the certification requirements, was equipped with vortex generators and
thicker trailing-edge ailerons. It also did not require the external trim device needed on the accident airplane due to improvements in manufacturing.




Brief of Accimms—Continued}

IADO3MAD4S
File No. 17499 . 472812003 _ LomaAlta, TX__~ Aircraft Reg No. N138BF
Occurrence #1: LOSS OF CONTROL - IN FLIGHT

Phase of Operation: DESCENT

Findings
1. AIRCRAFT CONTROL - NOT POSSIBLE
2. INFORMATION INSUFFICIENT - MANUFACTURER
3. (C) INADEQ SUBSTANTIATION PROCESS,INADEQ DOCUMENTATION - MANUFACTURER

QOccurrence #2: IN FLIGHT COLLISION WITH TERRAINAWATER
Phase of Operation: DESCENT - UNCONTROLLED

Findings
4, TERRAIN CONDITION - GROUND

Findings Legend; (C) = Cause, (F) = Factor

The National Transporiation Safety Board determines the probable cause(s}) of this accident as follows.
The manufacturer's incomplele high-Mach design research, which resulted in the airplane becoming unstable and diverging inlo a lateral upset.

Printed on 4/5/2005

Time (Local): 10.05CDT
\



Printed on 2/7/05

NTSBID:  |ADO3MAQ49

Aircraft Registration Number: N138BF

Occurrence Date:  4/26/03 Most Critical Injury:  Fatal
Occurrence Type: Accident Investigated By: NTSB
Location/Time
Nearest City/Place State Zip Code Local Time Time Zone
Loma Alta TX 78840 1005 CDT
Airport Proximity:  Off Airport /Airs»q,qgstance From Landing Facility: Direction From Airport
Aircraft Information Summary ~
Aircraft Manufacturer Model/Series Type of Aircraft
Sino-Swearingen 5J30-2 Airplane

Sightseeing Flight: No

Air Medical Transport Flight: No

Narrative

Brief narrative statement of facts, conditions and circumstances pertinent to the accident/incident:

HISTORY OF FLIGHT

On April 26, 2003, at 1005 central daylight time, a Sino-Swearingen Aircraft Corporation (SSAC)
S5J30-2, N138BF, serial number 002, was destroyed when it impacted terrain near Loma Alta, Texas.

The certificated airline transport pilot was fatally injured. Visual meteorological conditions
prevailed for the flight, which departed on an instrument flight rules flight plan from San Antonio
International Airport (SAT), San Antonio, Texas, at 0911, The local test flight was conducted under
14 CFR Part 91.

At the time of the accident, the airplane was undergoing flutter testing for Federa! Aviation
Administration (FAA) type certification. SSAC Report 30-2222, "Flight Fiutter Certification Test Plan
for SSAC S$5J30-2," delineated the flutter testing requirements, which included the Federal Air
Regulation (FAR) Part 23.629 requirement that the airplane be demonstrated to be free from flutter,
control reversal, and divergence up to the "demonstrated flight diving speed” (Vdf/Mdf). The testing
was to be conducted in two phases, with the first phase planned to clear the airplane to its
"maximum operating limit speed® (Vmo/Mmo) of 320 KCAS/Mach 0.83, and the second phase, to
clear it to its Vdf/Mdf of 372 KCAS/Mach 0.90.

Phase 1 flutter testing had been successfully completed. The first flutter mission of phase 2, flight
test number 230, was flown one day before the accident flight, with the same pilot onboard. The
objective of that flight was to complete flutter test points 1-12 (Mach 0.844) and 1-13 (Mach
0.864). Test point 1-12 was completed, and subsequently, the airplane went into a uncommanded
roll to the left, which the pilot recovered from. Afterwards, during test point 1-13, a discrepancy was
noted between the pilot's displayed airspeeds and those reported by a chase plane pilot, so the pilot
terminated the flight.

After the flight, the pilot realized that he had incorrectly set up the airspeed display in the test
airplane, and was flying faster than his airspeed indicated. In addition, the pilot reported, that
during the flight, he had felt a "rumble® in conjunction with the left roll. In his notes, he had written,
*.855", and immediately below that, "Abrupt LH Roll [space] Rumble®, and beneath that, "Rudder
=1nput?

According to the project’s flutter consultant, a Designated Engineering Representative (DER), a

(Continued on next page)
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possible explanation for the rumble was Mach buffet. However, to help confirm there wasn't an
in-flight mechanical problem with the airplane, flight test personnel assigned a second SSAC pilot as
a backseat chase plane observer for the next (accident) flight, flight test number 231.

The chase plane was a contracted Northrop T-38 jet, N638TC, with a pilot and the second SSAC test
pilot onboard. The accident flight was also being monitored in a telemetry van in Rock Springs,
Texas, by the flutter consultant and three SSAC personnel.

Prior to the test flight, a mission briefing, led by the accident test pilot, was conducted via
conference call between the San Antonio-based personnel and the telemetry van personnel.
According to a briefing participant, all of the flight test cards were covered, "including the test
limitations, test set-up, test points, weight and balance, airspace operational considerations, aircraft
limitations, maintenance actions since last flight, instrumentation status, and chase aircraft
procedures.” A number of witnesses also noted that the test points briefed were 1-14 (Mach 0.884),
and 1-15 (Mach 0.894) if conditions permitted.

An "SSAC Flight Briefing Guide" was also utilized, which included a review of hazard analyses, and
abnormal/emergency procedures. During the briefing, the test pilot stated that he was responsible
for safety of flight.

The flutter consultant also stated that he had, during previous discussions, advised that for the
purpose of flutter testing, if the pilot ran out of aileron/elevator trim, the tests could still be
completed, even if the pilot had to hold aileron/elevator force to steady the airplane. He further
stated, however, that the continuance of the testing would never override the pilot's decision as to
whether the control forces were unacceptable or hazardous.

According to the flutter consultant, after takeoff, the accident airplane climbed to 39,000 feet, and
prepared for a shallow dive along an easterly track for flight test point 1-14. A telemetry lock was
then obtained. However, when the airplane reached indicated Mach 0.875, the test pilot called
*Mark" on the radio. [An optional test point *14A" (Mach 0.874) was listed on the flutter test card;
however, on the previous day's flight, it had been crossed out.] After the "Mark"™ was received, the
pilot initiated a single pulse input to the elevator. After checking the telemetry strips, the consultant
then gave a "Go" for a single pulse to the aileron, followed by another "Go" for a single pulse to the
rudder. Telemetry van personnel noted that all the modes excited were "well damped.*

Telemetry van personnel also reported that after the pulses were completed, the test pilot stated
that the uncommanded roll to the left (which was experienced on the previous flight), did not occur.
There was also no mention of a rumble. In addition, the chase plane pilots confirmed that there
were no mechanical anomalies evident on the accident airplane.

The flutter consultant further stated that the accident airplane subsequently turned back to the west
and began to climb back to 39,000 feet to prepare for the [easterly] dive to the 1-14 point.
Discussion between the pilot and telemetry van personnel included the fact that the 1-14 point might
be the last one of the mission due to fuel concerns, particularly for the chase plane.

Following telemetry lock, the airplane began a shallow dive. At indicated Mach 0.884, the pilot

(Continued on next page)
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called "Mark.” Each control surface was again pulsed by the pilot, and the responses were again "well
damped.”

Following the final pulse, the pilot was cleared to the next test point, 1-15 (indicated Mach 0.894), "if
flight conditions permitted the test pilot to do so." However, the pilot did not acknowledge the
clearance, but instead, reported that the airplane was rolling to the right, and he couldn't stop it.

In a written statement, the chase plane pilot confirmed that after the 1-14 test point had been
completed, the test pilot was cleared to accelerate to the 1-15 test point, if able. At that time, the
accident airplane appeared to be in a shallow right bank with the chase plane less than 500 feet
above and 500 feet behind it. According to the chase plane pilot, "very soon thereafter," about
30,000 feet, the accident airplane began rolling to the right. The rolling maneuver appeared to be
stable, and continued unchanged until ground impact. The accident airplane appeared to remain
intact throughout the event, and no parts were seen departing the airframe. After the accident
airplane began to roll, and the test pilot stated that he couldn't stop it, the chase pilot called, "get
out® twice. The accident pilot responded that he couldn't get out, that there were too many "g's."

The second SSAC test pilot, who had been in the back of the chase plane, also reported that the
accident sequence began after the completion of the 1-14 test point. During the sequence, the
chase plane was not close enough to observe the accident airplane's contro! positions; however, the
second SSAC test pilot observed the accident airplane's nose to be "a little low," and in an
approximately 30-degree right bank after test point 1-14 was completed. A few seconds later, the
accident airplane entered a "barrel-roll type maneuver® to the right, then continued to roll, and
increased its dive angle until ground impact.

When the second SSAC test pilot saw the first roll, his first thought was, "what did he do that for?*
Then he saw that the accident airplane "came around and made another barrel roll. It was not
around a point like an aileron roll; and it was not real fast; it looked lazy." The chase pilot then
mentioned the roll to the accident pilot, who replied that he couldn't stop it. The accident pilot did
not say anything further about how the airplane was performing, or what he was experiencing.

At some point during the sequence of events, the accident pilot transmitted information about the
flight controls and/or aileron trim; however, witness accounts differed on what and when it was
transmitted. According to the chase plane pilot, the accident pilot stated, "l can't let go® after he was
cleared to test point 1.15. The flutter DER stated that the accident pilot advised he "could not
release the wheel® shortly after the 1-14 aileron pulse, and a telemetry engineer, who was calling out
airspeeds to the DER, stated that the accident pilot reported, *full aileron trim and 1 can't let go"
when the accident airplane had accelerated to Mach .881, prior to the 1-14 pulses.

PERSONNEL INFORMATION
-- Accident Pilot --
The accident pilot held an airline transport pilot certificate, with ratings for the Boeing 707, 727,

and 747, and Airbus 300. He also had combat experience in the Vought F8J Crusader, and served a
—total of 30 years as an active duty and reserve Naval officer.

(Continued on next page)
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According to the pilot's resume, dated July 2, 1996, he had 12-13 years of flight test experience
prior to joining SSAC, including experience at LTV (Ling-Temco-Vought) Aerospace, Douglas Aircraft,
the U.S. Navy, and General Electric. He was not a test pilot school graduate.

Between 1966 and 1969, the pilot flew A-1 Skyraiders, then transitioned to the A-3 Skywarrior. He
subsequently flew EKA-3B conversion flights from a depot level rework facility, and later, F-8
Crusader and F-4 Phantom acceptance flights.

In 1969, the pilot qualified as a Boeing 727 flight engineer for a major airline. Later that year, when
he was furloughed from the airline, he qualified as an agricultural application pilot. He later became
involved in a short take off and landing (STOL) conversion as both a "project pilot® and a flight
demonstration pilot, and he also flew the F-8 Crusader in an operational reserve fighter squadron.

From 1970 to 1972, the pilot was carrier-based, flying combat missions in Vietnam. He applied for
the U.S. Navy Test Pilot School, but was shot down and captured about 1 week before selections
were made. Once repatriated, the pilot pursued a college degree while concurrently serving as a
fighter pilot instructor. The pilot subsequently completed two more tours of operational duty.

In 1973, the pilot again qualified as a flight engineer on a Boeing 727, and flew with a major airline
through 1974. Between 1978 and 1983, the pilot participated in flight testing a turbine-powered
agricultural application airplane, involving liquid and dry material dispersing. Between 1983 and
1985, the pilot served as a System Safety Engineer at Douglas Aircraft Company for the development
of a Navy T-45 training system. As such, he was involved in hazard analysis and system safety for
three prototype airplanes, along with simulators and academics. He also participated in system
safety and hazard analysis for the NASA propfan program.

Between 1985 and 1988, the pilot was 2 flying flight test engineer on the McDonnell Douglas MD-80
transport airplane.

Records indicate that, in 1989, the pilot was hired as an "experimental test pilot" at General
Electric's Flight Test Operation - Mojave. As one of only two pilots, he was "involved in virtually all
aspects of testing for the various CFM Series, CF-6 Series and GE-90 Series engines." Testing
included "stabilization on a test point, low altitude Vmax speed points, wind-up turns, airstart
envelope determination, V2 climb profiles, over-rotation tests, aircraft stall maneuvering, high AQA
investigation, zero 'g', various operability trials and profiles, plus others throughout the test
envelope.” The pilot became rated in the Boeing 707, 747 and Airbus 300 at that time.

The pilot also reported that he was a member of the Society of Experimental Test Pilots, and wrote
the organization's Flight Readiness Review and Preflight documentation.

According to SSAC records, the pilot joined the company in 1997, and was serving as chief test pilot
when the accident occurred. Prior to the accident flight, he had accumulated 294 flight hours in the
accident airplane, and 331 flight hours in airplane serial number 001.

The pilot's logbook was not recovered after the accident, and according to an SSAC representative,

(Continued on next page)
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the pilot always took his logbook with him on his flights. On July 3, 2002, the pilot's latest Federal
Aviation Administration second class medical certificate was issued, and at that time, he reported
12,000 hours of total flight experience.

The second SSAC pilot reported that the accident pilot did not have experience performing flutter
tests, but as chief pilot, he wanted to do it. The second pilot, who did have experience with flutter
testing, provided training to the accident pilot. "1 checked him out - he wanted to do it - we went out
and | demo'd it, and he did it. He understood it; he's an F-8 guy. If | had any qualms about it, he
wouldn't have been able to do it." The second SSAC pilot also stated that the accident pilot knew to
slow the airplane should he run into any difficulty. *We discussed it a lot (power idle). We talked
and talked about throttles idle. In my mind, | know he did that.*

-- Second SSAC Test Pilot --

According to the second SSAC test pilot's undated resume, he had previously served as a test pilot at
McDonnell Douglas on the MD-80 series and MD-11 certification programs. He also served as chief
pilot, and was responsible for six test pilots and six loadmasters.

The second test pilot reported 7,000 hours of flight time, with 3,000 hours of test pilot experience
over a 15-year period. He was also a graduate of the U.S. Air Force Test Pilot School.

- DER --

Per a technical services agreement, the flutter consultant DER was hired to “provide oversight and
guidance in the execution and documentation of flutter analysis" for certification compliance with
FAR 23. In conjunction with the agreement, the consultant was "given authority as director of test
preparation, test conduct, and analysis of results.’

According to the DER's undated resume, he had worked in the field of aircraft flutter and dynamics
for over 30 years. He had also been employed by Boeing for 12 years as a specialist engineer in
flutter and vibration, and was involved with the Boeing 707, 727, 737, 747, and served lead engineer
for the YC-14 flutter group. Previously, he performed flutter work, as a dynamics engineer, for
development of the British Aircraft Corporation (BAC) Concorde. He became an independent DER in
1981, and "supported engineering work on proiects ranging from the Cessna 180 to the Boeing 747
aircraft, with engineering analysis, design and testing as required for individual programs.”

The DER also had several published papers to his credit, including "Transient Excitation and Data
Processing Techniques Employing the Fast Fourier Transform for Aeroelastic Testing,” "Effect of
Stabilizer Dihedral and Static Lift on T-Tail Flutter,” and "The Use of Transient Testing Techniques in
the Boeing YC-14 Flutter Clearance Program.”

COMPANY INFORMATION

==According to a company representative, in May 1995, The Sino Swearingen Aircraft Company was

—formed as an international joint venture between Swearingen Aircraft, Incorporated, and Sino

Aerospace Investment Corporation, Taipei, Taiwan. The Company's status later changed to a
{Continued on next page)
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Corporation.

The original proof-of-concept SJ30, serial number 001, was built by Swearingen Aircraft, Inc., in the
early 1990s, and first flew on February 13, 1991. In the mid-1990s, due to market demands and
the products offered by competitors, the airplane was reconfigured. It was lengthened considerably,
the wings were changed from anhedral to dihedral, and a new avionics suite was installed. It first
flew in the new configuration in November 1996. By the time of the accident, the company had
manufactured three more (flying) airplanes in that configuration, along with a static test platform
and a fatigue test platform.

The company's headquarters were located at San Antonio Internationa! Airport, and a manufacturing
facility was located in Martinsburg, West Virginia. The Martinsburg facility manufactured the vertical
tail and the horizontal stabilizer. At that time, another company, Gamesa Aeronautica, of Vitoria,
Spain, manufactured the wings and the fuselage. The San Antonio facility mated the wings,
fuselage, and tail, installed the aircraft systems including the avionics, and flight tested the
airplanes. All design and certification activities were accomplished at San Antonio.

SSAC was organized with Engineering, Manufacturing, and Quality Assurance departments reporting
to the Senior Vice President of Operations. Engineering was comprised of Aerodynamics, Design,
and Flight Test units. Manpower between the San Antonio and Martinsburg facilities totaled 382, of
whom 118 reported to the Vice President of Engineering.

Airplane certification was being accomplished under an agreement between SSAC and the FAA,
entitled, "Project Specific Certification Plan (PSCP) for SJ30.2, Report Number 30-041." The PSCP
called for the certification of a "seven-passenger (including crew) airplane of conventional metal
construction powered by two aft fuselage mounted Williams [Internationall FJ44-2A medium bypass
turbofan engines. The airplane was to be certified in the commuter category for single pilot
operation and all-weather capability, with a maximum operating Mach of 0.83 and a maximum
altitude of 49,000 feet.

Formal engineering procedures governed airplane acceptance and development.

Engineering acceptance of flight test airplanes prior to first flight was governed by SSAC Engineering
Procedure 007 (EPOQ7), "a formal process...to determine and document the airworthiness of an
aircraft prior to acceptance by the SSAC Test Operations Department." The procedure included a
review by the SSAC Flight Safety Review Board, and a Flight Safety Review Checklist, including a
flight test risk assessment.

Engineering changes to flight test airplanes was governed by SSAC Engineering Procedure 006
(EP0O06), which delineated "the method of configuration contro! to be used for the 'experimental’
licensed aircraft which are owned and/or operated by...SSAC."

ACCIDENT AIRPLANE INFORMATION

The accident airplane, serial number 002, was first flown on November 11, 2000. At the time of the
accident, the airplane was operating under a Special Airworthiness Certificate with Experimental

(Continued on next page)
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Operating Limitations for the Purpose of Research and Development.

The airplane was inspected using an Approved Aircraft Inspection Program (AAIP) titled, "SJ30-2
Inspection Procedures Aircraft S/N 002, Report Number: QA-INSP-500 (QA-500)." Data
accumulated during the airplane's design and operational testing was analyzed to formulate the
inspection program requirements.

Inspections included the First Flight of Day Inspection, Next Flight Inspection, After Last Flight
Inspection, Periodic/Phase Inspections (A, B, C) and Special Inspections. The Periodic/Phase
inspections were accomplished at 100-hour intervals. Inspections were recorded on the Flight Test
Work Order (FTWO).

Aircraft maintenance manuals had not been developed for the airplane. Maintenance was
accomplished by FAA-certificated technicians wusing aircraft drawings and specifications in
conjunction with vendor component maintenance manuals. Maintenance work was also recorded on
the FTWO.

The last Periodic/Phase Inspection was a "B Check, accomplished on January 14, 2003, at 284.2
hours. A First Flight of Day Inspection was accomplished on April 26, 2003, for the accident flight,
at 315.9 hours.

According to an FAA inspector, a review of aircraft maintenance records revealed that SSAC was in
compliance with the requirements of the approved aircraft inspection program.

The airplane was equipped with a trailing cone for static air pressure and a nose boom for dynamic
air pressure. The combined inputs resulted in a “reference system airspeed.” The pilot would have
had to operate two cockpit switches to be able to display reference system airspeed. Failure to do
so would have resulted in him reading a lower airspeed, generated from the airplane's internal
airspeed indicating system.

The airplane was also instrumented to communicate 27 critical test parameters at 300 samples per
second to a ground station van via telemetry, in order to support the flutter test plan. In addition,
the airplane also had onboard computers, which recorded over 450 flight parameters.

METEROLOGICAL INFORMATION

Weather, recorded at an airport about 35 nautical miles to the south, included clear skies, winds
from 330 degrees true at 10 knots, and 10 miles visibility.

WRECKAGE AND IMPACT INFORMATION

The wreckage was located at 29 degrees, 52.37 minutes north latitude, 100 degrees, 57.65 minutes

west longitude, about 250 degrees magnetic, 10 nautical miles southwest of Loma Alta, Texas, and
—350 degrees magnetic, 30 nautical miles north of Del Rio, Texas.

~ The accident site was located in a remote area of sparsely vegetated plateaus and canyons, at an

(Continued on next page)
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elevation of 1,741 feet, near the top of one of the plateaus. The main crater was cut almost straight
down, about 5 feet, into a sandstone formation. There were additional cuts, consistent with wing
positions, oriented along a 085/265-degrees magnetic axis.

The wreckage was fragmented, with debris spread over an area of approximately 9 acres, dispersed
360 degrees around the impact crater. Evidence of all flight control surfaces was found at the scene.
Slat tracks were identified; however, no sfat structures were identified in the debris field. There was
no evidence of an in-flight fire or in-flight failure of structural elements, and all fracture surfaces
examined exhibited evidence of static overload. Control continuity could not be confirmed due to the
severity of the impact damage.

The airplane’s onboard computer hard drives were located; however, their condition precluded any
data recovery.

MEDICAL AND PATHOLOGICAL INFORMATION
An autopsy and toxicological testing could not be performed.
TESTS AND RESEARCH

A Vehicle Performance Group was formed to review flight test and other pertinent data, including
radar, telemetry parameters, lateral control and lateral trim documentation, and transonic wind
tunnel tests. Results excerpted from the Vehicle Performance Group Study include:

.- Radar --

Long and short range radar data indicated that the accident airplane was on an easterly course,
about 35 miles north of De! Rio, Texas at an altitude of 30,500 feet when the accident event began.
The accident airplane was transmitting beacon code 4761 during the flight test and the chase plane,
as second in a flight of two, was not transmitting an independent transponder code.

Subsequent to the accident, the chase plane began transmitting beacon code 4761,
-- Telemetry Data --

The telemetry data for the last 3 minutes of flight 231 was transcribed from binary to engineering
units by SSAC personnel, and provided to the Safety Board.

The telemetry data included airplane flight conditions (altitude, airspeed, Mach number); magnetic
heading; control surface positions for the elevator, rudder, and ventral rudder; fuel weight; and 19
accelerometer parameters requested to support the flutter certification testing. Onboard parameters
of interest that were recorded, but unrecoverable, included accelerations near the airplane's center
of gravity; angle of attack and sideslip angle; roll and pitch attitude; aileron surface, speedbrake,
slat, flap, and gear positions; engine parameters; control input positions; and column, whee!, and
pedal forces.

(Continued on next page)
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No significant telemetry data dropouts occurred prior to the initiation of the event. However, the
recorded telemetry data subsequent to the [ateral upset event contained a large number of dropouts,
which were attributed to the masking of the onboard antenna as the airplane rolled.

Telemetry scale limits were met or exceeded for three parameters. The calibrated airspeed reached,
and remained at its maximum threshold value (400 knots) by 268 seconds, about 27 seconds prior
to the end of data. In addition, the indicated Mach number maximum threshold value (Mach 1.0)
was maintained between 272.9 and 278.3 seconds, and the telemetry minimum pressure altitude
(10,000 feet) was reached, and maintained, beginning about 4 seconds prior to the end of the data.

-- Accident Event Timeline -.

The timeline was based in part on SSAC document, *S/N 002 Accident Investigation Final Report:
Lateral Instability Theory,” dated August 1, 2003.

The telemetry data began at 130 seconds (10:02:10) with the airplane about 38,000 feet, Mach
0.805 passing through a magnetic heading of 36 degrees as it executed a right, shallow, descending
turn toward a magnetic heading of approximately 073 degrees. The airplane accelerated to about
Mach 0.83 by the time it completed the turn, and continued its shallow descent, accelerating to
about Mach 0.85 by 180 seconds. The airplane stabilized about Mach 0.85 for nearly 8 seconds,
while passing through 36,000 feet, then passed Mach 0.86 about 193 seconds. One second later,
accelerometers recorded noticeably higher amplitude oscillations, consistent with high-speed buffet.
(The lift coefficient at 194 seconds was calculated to be 0.25, which correlated to what would have
been expected, based on the SJ30-2 buffet boundary curve.)

The airplane reached Mach 0.87 about 202 seconds, and maintained that airspeed as it passed
through 33,500 feet. The airplane then reached Mach 0.88 at approximately 214 seconds, and as it
stabilized at that airspeed, the rudder position transitioned from about O degrees, to about 1.5- to
2-degrees trailing-edge-left (TEL).

An elevator pulse was completed at 218.5 seconds, while the airplane was passing through 33,000
feet on a heading of 074 degrees magnetic.

A rudder pulse was completed at 228.5 seconds, while the airplane was passing through 31,500
feet.

An aileron pulse was completed by about 239 seconds, as the airplane passed through 30,500 feet.

Before the aileron pulse damped out, the rudder position moved, from about 2 degrees TEL to about
3.5 degrees TEL, during a 2-second timeframe. The ventral rudder position moved about 0.75
degrees TEL, the same direction as the rudder, between 237.8 and 243.2 seconds. About 240
seconds, and over a 3.2-second period, airplane heading deviated nose-right from about 074 to
076.5 degrees magnetic. About that time, the chase plane pilots reported that the accident airplane
was in a shallow- to 30-degrees right bank.

At 243.2 seconds, the rudder moved about 1 degree TEL, from 3.5 to 4.5 degrees TEL, and the

(Continued on next page)
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airplane-nose-right heading rate was briefly arrested at 244.4 seconds.

Until 243.2 seconds, the elevator remained relatively constant at its initial test condition position,
near l-degree trailing-edge-down (TED). After time 243.2, the ventral rudder position appeared to
represent a scaled, offset reflection of the rudder position time history.

At 244.6 seconds, the elevator moved to about 3.5 degrees TEU in 1.8 seconds. The elevator
maintained positions between 2 and 5 degrees TEU for the next 34 seconds. Also, about 244.6
seconds, as the elevator moved TEU, the airplane heading once again deviated airplane-nose-right.

At 245 seconds, rudder rate increased significantly, as the rudder moved 2 degrees TEL, over a
1.second period, to 6.5 degrees TEL.

The combination of increased TEU elevator and increased and rudder TEL coincided with a marked
increase in airplane nose right heading rate. From about 246.2 seconds to the end of the telemetry
data, magnetic heading established a periodic oscillation between 065 and 095 degrees magnetic
with periods that varied between 6 and 9 seconds per cycle.

At 254 seconds, the accident airplane completed one roll, and through the end of telemetry, at 295.1
seconds, it completed about six more rolls. Elevator TEU deflection and rudder TEL deflection were
maintained, with some variation in magnitude, to nearly the end of the data. Calibrated airspeed
and Mach number increased to well beyond the SJ30-2 Vmo/Mmo and Vdf/Mdf design goals during
the accident descent.

-- Performance Calculations --

Flight 231 pressure altitude, Mach number, and rudder position telemetry data were used to
calculate the airspeed, ground speed, flight path angle, and sideslip angle. Radiosonde data was
used to calculate the speed of sound. As the accident airplane accelerated toward the test condition
Mach number, it transitioned from level flight to a flight path angle about 7 degrees below the
horizon. The flight path angle was about 10 degrees below the horizon at the completion of the
aileron pulse. At 243.2 seconds, as rudder deflection TEL opposed the airplane nose-right-heading
deviation, the airplane's descent became increasingly steep. The flight path angle continued to
decrease toward a final estimated value of 77 degrees below the horizon,

Sideslip angle was estimated as a function of rudder position based on SJ30-2 steady heading
sideslip data. Results were considered valid only for periods when 1) the airplane was maintaining a
relatively steady heading, and 2) rudder position was constant or slowly transitioning. Sideslip angle
results were plotted between 210 and 247.5 seconds. Sideslip angle was calculated to vary
between, at most, plus/minus 1 degree until the aileron pulse, when it increased to about 2 degrees
between 238 and 243.2 seconds. The sideslip angle increased toward 2.7 degrees with increasing
rudder TEL deflection between 243.2 and 244.4 seconds, at which point, the airplane established a
nearly constant roll rate during the high speed descent.

-- Other Telemetry Data Features --

(Continued on next page)
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The forward fuselage lateral and vertical acceleration parameters contained distinct features or
*spikes" 10 times during the data collection. The features appeared only in the two forward fuselage
accelerometer channels, which SSAC personnel attributed to interference from pilot radio
transmissions.

The character of the left and right aileron accelerometer data changed between 220 and 230
seconds. The left hand (LH) aileron data indicated a cycle (plus 6 g's at 222.5 seconds; minus 3 g's
at 228 seconds) not present in the right hand {(RH) aileron data. The LH aileron cycle occurred at
approximately 0.1 Hz. SSAC personnel concluded that the frequency was too low for a piezo-electric
accelerometer measurement to be valid, and that the LH aileron accelerometer data feature did not
likely reflect an actual flight event.

-- Accident Airplane Lateral Control History --

The lateral trim system used an adjustable trim spring to apply a constant force to the control wheel.

The spring rate of the instalied lateral trim system was equivalent to about 10 pounds of pilot wheel
force, or about 15 percent total roll authority. The constant force design dictated that the amount of
trim required to balance an aerodynamic force asymmetry was speed-dependent.

Utilizing telemetry and witness information, the Airplane Performance Group documented the
airplane's lateral control history, which included:

in 1997, SSAC purchased a drag chute and developed flight test installation plans. At some point
between 1997 and 2002, a decision was made not to implement the high speed drag chute
installation, originally planned for flutter testing, due to pilot concerns about the possibility of an
inadvertent chute deployment.

On May 7, 2002, a Temporary Test Aircraft Limitation (TTAL) was issued that limited pilot use of
aileron trim to the 20- to 80-percent range of a 0- to 100-percent scale, where 50 percent was
neutral. The TTAL was issued because the aileron trim motor bogged down at approximately 13.8
percent and 92 percent of travel.

Prior to flight 114, which occurred on June 1, 2002, a speed restriction of 250 KCAS was put in
place. [n addition, it was discovered that the airplane required a significant amount of roll trim
adjustment, and that roll trim requirements were speed-dependent. As a result, the ailerons were
removed, measured, and replaced, to attempt to correct twist deviations from the aileron surface
design.

During flight 114, the airplane required much less roll trim adjustment, the roll trim requirement
was consistently left-wing-down (LWD) and increased with airspeed, and the airplane could be
trimmed in the lateral direction within the 250 KCAS speed restriction. SSAC personnel
subsequently concluded that the airplane's tendency to roll right-wing-down (RWD) could be
attributed to wing, and remaining aileron twist deviations from their respective surface designs.

After Qctober 2002, the airspeed restriction was increased to 320 KCAS/Mach 0.83 following
completion of Phase 1 flutter testing. The consistent LWD roll trim requirement was a known

(Continued on next page)
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airplane-specific characteristic, which required nearly full LWD lateral trim at 320 KCAS.

For flight tests 199 and 200, December 16-17, 2002, the airplane was instrumented with tufts on
the left and right wing upper surfaces. Two video cameras (one camera per wing) were installed to
record real time tuft positions on each wing upper surface. Tuft testing confirmed the presence of
large regions of shock-induced separation above Mach 0.81.

On April 14, 2003, the airplane's speedbrake travel was limited to 17.5 degrees of a nominal
35-degrees design travel, to reduce undesirable speedbrake deployment pitch characteristics (i.e.,
speedbrake deployment could cause a large, airplane-nose-down pitching moment).

On April 15, 2003, during an SSAC Safety Review Board (SRB) meeting, it was determined that due
to the airplane's lateral trim issue and flutter test plan airspeeds exceeding 320 KCAS, full LWD trim
and pilot hand pressure on the yoke would be required. The use of a Gurney flap on the right wing
tip was approved. (The Gurney flap was an aerodynamic device intended to balance the airplane in
the lateral axis, independent of airspeed, and restore lateral trim margin.)

On April 24, 2003, flight 229 was conducted to quantify Gurney flap effectiveness, f{light-test the
flutter instrumentation, and perform a telemetry range check. The Gurney flap improved the lateral
trim margin, and for airspeeds up to 305 KCAS, approximately 40 percent lateral trim was required
on a scale from 0 to 100 percent, where 50 percent was neutral.

Subsequent to the flight, SSAC personnel considered the fact that the airplane would likely require
additional LWD control input to trim laterally as airspeed increased beyond Vmo (320 KCAS). The
flutter test consultant indicated that the flutter data analysis would be valid if roll control pulses
were superimposed on a basic wheel force required to hold wings level.

On April 25, 2003, as part of the pre-flight test review for flight 230, SSAC personnel decided to
continue with the flutter testing if the pilot needed to apply a "small” wheel force to trim laterally as
airspeed increased beyond Vmo (320 KCAS).

During flight 230, flutter test point 1-12 was completed. All available aileron trim was required at
Mach 0.84 for the point, at altitudes between 31,000 and 30,000 feet. Rudder pedal was used to
augment aileron trim (set at approximately 25 percent) as the airptane descended from 33,000 to
31,000 feet.

Data revealed that all of the earlier TTAL lateral trim margin (20 to 80 percent) was required to trim
the airplane between Mach 0.84 and 0.86.

During flight 230, [approaching] test point 1-13, the airplane experienced an uncommanded LWD
roll. The roll event was corrected by pilot whee! input over a period of about 20 seconds as the
airplane decelerated below Mach 0.85. Rudder pedal was also used to augment the aileron rol!
control during the recovery.

Subsequent to the flight, SSAC personnel concluded that the LWD roll resembled a wing drop, likely
caused by the presence of shock-induced separation. The pilot was briefed to expect increased

(Continued on next page)
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vibration, buffeting, and possible wing drops as the airplane passed the 1g buffet boundary at Mach
0.86.

-- Stability and Control Characteristics --

Prior to the accident, SSAC estimated the SJ30-2 high speed stability and control characteristics by
extrapolating low speed wind tunnel data, using methods in the USAF Stability and Control Data
Compendium (DATCOM), conducting numerical simulation with Computational Fluid Dynamics
(CFD) tools, and extrapolating flight test data.

-- Wind Tunnel Testing --

Between 1996 and 2002, SSAC personnel conducted eight low speed wind tunnel tests. A baseline
SJ30-2 configuration was developed as a result of three tests completed between February 1996 and
February 1997. Aerodynamic stability and contrel data for the production SJ30-2 configuration was
collected during tests in October 1997, and May 1998. Secondary flight control surface asymmetry
deployment effects were evaluated in September 2001. Speedbrake pitching moment
characteristics, stall chute stinger/emergency egress deflector effects, and alternative speedbrake
configurations were analyzed in August and October 2002. The low speed wind tunnel data revealed
that separation, due to ejther speedbrake deployment or high (post-stall) angles of attack, tended to
reduce wing lateral stability.

Following the flight 231 accident, SSAC personnel developed a test plan and authorized a transonic
test to define the high speed stability and control characteristics of the SJ30-2. Al/9th scale model
was built to $J30-2 design loft specifications and completed in December 2003. The model design
enabled hinge moment measurements generated by specific hinge-wise deflections of the horizontal
stabilizer, aileron, elevator, rudder, and outboard spoiler/speedbrake flight control surfaces. In
addition, vortex generator, thick trailing edge flap and aileron, Gurney flap, winglet, strake, and wing
blade components were built and tested. During January 2004, transonic testing took place in an 8-
by 9-foot transonic tunnel in Bedford, England.

In May 2004, results of the transonic test were presented to the Airplane Performance Group. The
test data indicated that lateral stability on the SJ30-2 deteriorated with increasing Mach number and
angle of attack. Lateral stability, measured in terms of rolling moment due to sides!lip, became
negative (unstable) above Mach 0.83. Because of this, a rudder input intended to augment the
lateral trim (or roll capability) and raise a low wing could instead, beyond a certain Mach number,
actually aggravate the situation. Similarly, an elevator TEU input would tend to increase the angle of
attack, also resulting in deteriorated lateral stability.

The transonic wind tunnel test data also provided evidence that roll authority deteriorated above
Mach 0.86. Flow visualization results revealed that upper wing surface flow separated between
Mach 0.84 and 0.88, and lower wing surface flow separated between Mach 0.86 and 0.88, at
2-degrees angle of attack and O-degree sideslip angle. A 1-degree angle of attack was representative
of the accident flight condition lift coefficient.

- Computational Fluid Dynamics --

(Continued on next page)
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SSAC personnel utilized Computational Fluid Dynamics (CFD) methods for wing design, and to
supplement SJ30-2 high speed stability and control database. Prior to the accident, vortex lattice
and Euler methods were primarily used. Euler methods tended to predict shock locations farther aft
than actual shock locations during transonic flight conditions.

Wing design calculations for the SA30 (a pre-SJ30-2 prototype) and SJ30-2 were performed using
WIBCO, a NASA/Grumman transonic small disturbance code. A coupled integral boundary layer
computation capability was available in WIBCO, but the code lacked an asymmetric analysis
capability. WIBCO was used primarily by SSAC for cruise analysis, although runs were also made at
Mach 0.88 (the dive Mach number at the time) to validate the onset of separation.

Prior to the accident, a three-dimensional MGAERO Euler code (inviscid mode) was used to design
the pylon for cruise, analyze the flap track fairings, and provide stability predictions. MGAERO
predicted a reduction in lateral stability above Mach 0.815, but positive lateral stability up to Mach
0.90. Two-dimensional CFD aileron studies indicted that aileron power would decrease with
increasing Mach number.

Following the accident, SSAC made inviscid calculations up to Mach 0.9, including sideslip, in an
attempt to understand three-dimensional, transonic, asymmetric characteristics. A more advanced,
fully viscous NSAERQ Navier-Stokes CFD code was also utilized to gain additional insight, and other
advanced CFD methods were utilized to enhance the prediction of stability and control derivatives.

-- Accident Airplane Flight Testing --

Steady heading sideslip flight tests conducted with the accident airplane revealed a positive lateral
stability from 1.2 Vs up to Mach 0.817. Sideslip angles up to 6 degrees were tested at Mach 0.817.
Bank-to-bank roll testing demonstrated adequate aileron authority to Mach 0.819. Flight 230 data
demonstrated the airplane's response to aileron and rudder inputs above Mmo.

Flight 199 and flight 200 high speed tuft test data confirmed the presence of large regions of
shock-induced separation above Mach 0.81.

-- Airplane Improvements --

SSAC personnel made aerodynamic improvements to the SJ30-2 following the accident, as a result
of post-accident design and development efforts. Vortex generators were added to the wings to
delay the onset of shock-induced separation, and thicker trailing edge ailerons were installed to
improve aiteron effectiveness at high Mach numbers. In addition, a high-Mach-number roll spoiler
system was prepared, to augment roll control above Mach 0.835.

As a result of additional design work initiated prior to the accident, the single speedbrake panel on
each wing was relocated farther outboard to minimize the large pitch-down effects caused by tail lift
interference, and the speedbrakes became operational at all airspeeds within the design deployment
range.

(Continued on next page)
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The new SJ30-2 flight flutter test airplane, serial number 004, N404SJ, was equipped with a high
speed drag chute before flutter testing resumed. (Airplane serial number 003, N30SJ, was used
primarily as a systems validation platform.)

-- Post-Accident Flight Test Data (Serial Number 004) --

High speed flight test results on serial number 004, which incorporated the configuration
modifications outlined above, demonstrated improved SJ30.2 high speed stability and control
characteristics. The airplane flew multiple flutter test points to Vd/Md (372 KCAS/0.90 Mach). The
point of neutral lateral stability was found to be approximately 0.015 Mach higher at the critical
altitude (28,000 ft) than that predicted by the transonic wind tunnel data. The modified SJ30-2
configuration maintained a positive lateral stability at Mmo (0.83 Mach) and demonstrated neutral
lateral stability at approximately 0.85 Mach.

High-speed dive recovery (deceleration from Mach 0.885 to Mach 0.85), accomplished by reducing
thrust to idle, resulted in a return to a laterally stable flight regime within about 9 seconds.
Releasing rudder input from a nominally stabilized sideslip condition caused the airplane to return
to wings level flight at all Mach numbers tested up to 0.90 Mach, even when the rolling coefficient
moment due to sideslip was positive. Finally, the modified configuration repeatedly demonstrated
controlled flight into the "unstable® regime, with positive roll control at al! times and rapid recovery
to Mmo when required.

SSAC successfully completed SJ30-2 flight flutter testing in August 2004, and demonstrated that the
high-Mach-number roll spoiler, which was never installed, was not needed.

ADDITIONAL INFORMATION
-- Additional Airplane Improvements --

According to an SSAC representative, follow-on airplanes, serial numbers 003 (used primarily for
systems validation), and 004 (handling and performance), exhibited well-balanced fight
characteristics that did not require external trim devices. Serial number 002 was the first airplane
to utilize current production tooling, while 003 and 004 represented continuous improvements in
build accuracy due to the "learning curve and improvements in manufacturing tolerances.”

.- Company Improvements -
According to the company's senior vice president of operations, in addition to the airplane
improvements previously noted, the company initiated other improvements since the accident,
including:
-- Personnel --

- Hired additional test pilots and flight test engineers, all having previous business jet certification
experience.

(Continued on next page)
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- Had all pilots and flight test engineers go through "recovery from unusual attitudes” training.
- Retained industry experts in aerodynamics, stability and flutter.
- Contracted outside experts to review all flight test reports for flight safety and duration.
- Enhanced the cross-functionality of flight test department personnel.
-- Equipment -

- Purchased a new telemetry van and equipment to provide 360-degree tracking, 1120 parameters,
and a hot microphone from the test aircraft embedded in the data transmission.

- Moved the test area for critical flights to Edwards Air Force Base to utilize special test airspace
and test equipment.

-- Processes --

- Re-examined company safety board review procedures to ensure that the chairman and members
clearly understood their roles and authority.

- Hired additional safety board review members.

- Initiated a process to gradually step up speed and altitude tests, by comparing actual data to high
speed wing tunnel data.

- Required review and approval by the company aerodynamics group prior to all flight test plans at
Mach 0.83 or above.

-- Wreckage Release --

On September 17, 2004, the wreckage was released, and acknowledged by a representative of SSAC.
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Landing Facility/Approach Information

Airport Name Airport ID] Airport Elevation | Runway Used] Runway Length | Runway Width
FLMSL| NA

Runway Surface Type: Unknown
Runway Surface Condition: Unknown

Type Instrument Approach: Unknown

VFR Approach/Landing: Unknown

Aircraft Information

Aircraft Manufacturer Model/Series Serial Number
Sino-Swearingen SJ30-2 002

Airworthiness Certificate(s): Experimental (Special)

Landing Gear Type.  Tricycle

Homebuilt Aircraft? Ngo | Number of Seats: 3 | Certified Max Gross W 13600 LBS| NumberofEngines: 2

gine Type: Engine Manufacturer: Model/Series: Rated Power:

urbo Fan Williams International FJ-44-2A 2300 LBS
- Aircraft Inspection Inforrnation

Type of Last Inspection Date of Last Inspection |Time Since Last Inspection { Airframe Total Time
Continuous Airworthiness 1/28/03 60 Hours | 284 Hours
- Emergency Locator Transmitter (ELT) Information

ELT Installed? Yes ELT Operated? No ELT Aided in Locating Accident Site? No
Owner/Operator Information

Registered Aircraft Owner Street Address
1770 Sky Place Boulevard

Sino-Swearingen Aircraft Company City

San Antonio IX
Street Address

: Same as Registered Aircraft Qwner
Same As Reg'd Aircraft Owner City State

Operator of Aircraft

Operator Does Business As: | Operator Designator Code:
- Type of U.S. Certificate(s) Held: Nana

Air Cammier Operating Certificate(s):

erating Certificate: Operator Certificate:
Regulation Flight Conducted Under: part 91: General Aviation
Type of Flight Operation Conducted: Flight Test
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First Pilot Information
Name City ' State {Date of Birth

On File On File On Filg On File 59
Sex: M| Seat Occupied: | eft Principal Profession: Civilian Pilot Certificate Number: Qn File
Certificate(s): Airline Transport

Airplane Rating(s):
Rotorcraf/Glider/LTA:
Instrument Rating(s):
Instructor Rating(s):

Multi-engine Land; Single-engine Land

None

Airplane

Airplane Single-engine

Type Rating/Endorsement for AccidentIncident Aircraft? vy .o Current Biennial Flight Review?
Medical Cert: Class 2 | Medical Cert. Status: v4lid Medical--w/ waivers/|imPate of Last Medical Exam: 7/3/02

=Ilight Time Matrix T
—Total Time 625
Pilot In Command(PIC)
Instructor
Last 90 Days 39 39
Last 30 Days 17 17
Last 24 Hours 3 3

Seatbelt Used? Yesg Shoulder Harness Used? Yes Toxicology Performed? Ngo |Second Pilot? Ng

Flight Plan/ltinerary
Type of Flight Plan Filed: (¢

Departure Point | Airport Identifier| Departure Time |Time Zone

San Antonio SAT 0911 CDT
Destination Airport Identifier

Local Flight
Type of Clearance: (ER

Type of Airspace: Class A

Weather Information

Mlrce of Briefing: Flight Service Station

Method of Briefing: Telephone
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Weather Information
WOF ID | Observation Time | Time Zone | WOF Elevation | WOF Distance From Accident Site | Direction From Accident Site
DRT 0953 CDT 1000 Ft MSL 35 NM 180 Deg. Mag.
SkyNL.owest Cloud Condition: Clear Ft. AGL | Condition of Light Day
Lowest Ceiling: None Ft. AGL | Visibility: 10 SM | Altimeter:  30.16 "Hg
Temperature: 16 °C| Dew Point. § °C | Wind Direction: 330 Density Altitude: Ft.-
Wind Speed: 10 Gusts: Weather Condtions at Accident Site:  Visual Conditions
Visibility (RVR): Ft. | Visibility (RVV) SM | Intensity of Precipitation:

Restrictions to Visibility: None

Type of Precipitation

: None

Accident Information

Aircraft Damage: Destroyed

Aircraft Fire; None

Aircraft Explosion None

==assification: U.S. Registered/U.S. Seil

= Injury Summary Matrix

Fatal

Serious

Minor None

TOTAL

First Pilot

1

Second Pilot

Student Pilot

Flight Instructor

Check Pilot

Flight Engineer

Cabin Attendants

Other Crew

Passengers

- TOTAL ABOARD -

Other Ground

« GRAND TOTAL -
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Occurrence Type: Accident

Administrative Information

Investigator-In-Charge (lIC)
Paul R Cox

Additional Persons Participating in This AccidentIncident Investigation:

J. Chris Greene
Williams International
Walled Lake, Ml

Eric West
FAA/AAI-100
Washington, DC

Robert E. Homan
Sino Swearingen
San Antonio, TX
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NATIONAL TRANSPORTATION SAFETY BOARD

ACCIDENT

Location:
Date:
Time:
Aircraft:
GROUP

Chairman:

Member:

Member:

SUMMARY

On April 26, 2003, at 1005 central daylight time, a Sino-Swearingen SJ30-
2, N138BF, was destroyed when it impacted terrain near Loma Alta, Texas. The
certificated airline transport pilot was fatally injured. Visual meteorological
conditions prevailed for the flight, which was operating on an instrumnent flight
rules flight plan. The experimental test flight departed San Antonio International
Airport (SAT), San Antonio, Texas, at 0911, and was being conducted under 14

CFR Part 91.

The systems group met at the accident site from April 28, 2003 to April 29,
2003, to document the airplane wreckage. As part of the investigation, the group
met at the Sino Swearingen facility at San Antonio, Texas on April 27, 2003 for
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familiarization with an airplane similar to the accident airplane.



Relevant airplane systems were documnented at the accident scene. Airplane
components were recovered and identified by group members at the wreckage site.
Several pieces of wreckage were removed from the accident site for further
examination. The airplane parts and components removed from the wreckage and
retained by the National Transportation Safety Board were identified as:

1. Speedbrake/Spoiler Actuator
Part number: 40179-800-7R-14
2. Speedbrake/Spoiler Actuator
Part number:  40179-1000-1
Gumey Flap, no part number
Pitch Trim Actuator, part number unreadable
Portion of crushed laptop computer, part number unreadable
Two unidentified components

Pieces from each of the primary and secondary flight control systems were
identified. There was no evidence of in-flight breakup or loss of airplane structure
prior to impact with the ground. No evidence of system malfunction prior to impact
was found in the recovered wreckage.

DETAILS OF INVESTIGATION

Accident Airplane, N138BF

The airplane wreckage was located on a ranch near Loma Alta, Texas. The
airplane was completely destroyed by ground impact and post-crash fire. The
recovered wreckage displayed signs consistent with extremely high speed impact
with the ground.

The impact area was searched for pieces of the airplane. The recovered
airplane pieces were examined for identification and documentation. The pieces
identified as part of a relevant airplane system were documented and considered for
further investigation.

The accident airplane was documented according to the following
categories:

1. Airframe

The airplane was destroyed by impact with the ground. Multiple pieces of
unidentifiable airplane skin and internal structure were found in the wreckage. A
piece of a clip used to tie stringers to fuselage frames in the center fuselage section,
part number 30-22208-1, was identified in the wreckage.

A piece of the inboard edge of the wing to fuselage attachment was




identified in the wreckage.

2, Air Conditioning
No portion of the air conditioning systemn was identified in the wreckage.
Auto Flight
An autopilot servo, part number 3044114, was identified in the wreckage.
No assessment of indication could be determined. No other portion of the auto

flight system was identified in the wreckage.

4, Communications

The faceplate from a communication unit, a Honeywell RCZ-83 Comm
Unit, serial number 00014825, part number 7510700-768, was recovered and
identified in wreckage. The faceplate was crumpled and separated from the unit.
The remainder of the unit was not identified in the wreckage.

No other portion of the communication system was identified in the
wreckage.

5. Electrical Power
Two pieces of electrical shunts were identified in the wreckage. Several

small segments of electrical cable were identified. No other portions of the electrical
power system were found.

6. Equipment & Furnishings

A portion of cabin entry door gearing, used as part of the emergency egress
system, was found in the wreckage. No assessment of door position was possible.

The emergency escape hatch external door handle was also found. No
assessment of door position was possible.

Portions of the test pilot’s parachute were identified in the wreckage.
Several pieces of cabin flooring were located in the wreckage.

Fire Protection

No portion of the fire protection system was identified in the wreckage.

Flight Controls




All primary flight controls are manually operated by a set of dual controls
and actuated through push-pull rods and cables. The pilot and copilot control
wheels, columns and rudder pedals are mechanically linked to operate in unison.

The primary flight control cables are 1/8-inch plated stainless steel and
pulleys or bellcranks are used to change cable direction if more than 3° is required.
Tumbuckles are used for cable rigging and adjustment, and the pulleys have guards
to prevent cable misplacement. The last bellcrank or sector in each control system
has mechanical stops attached to limit control surface travel.

Each of the primary flight control surfaces (e.g. ailerons, elevators, and
rudder) is mass balanced.

Due to impact and fire damage to the airplane, the continuity of the primary
flight control cables could not be accomplished.

Multiple pieces of unidentified flight control system push/pull rods were
located in the wreckage. No attempt was made to determine the specific
identification of the pieces.

Three pieces of flight control surface balance weights, part number 30-4477
ECP31, were identified in the wreckage.

8.1 - Pitch Control and Pitch Trim Systems

The elevator control system and a horizontal stabilizer provide pitch control
of the airplane. The pilot and copilot control columns are mechanically linked
through a torque shaft beneath the flight deck floor. Movements of the control
columns translate into longitudinal movement of push-pull tubes beneath the cabin
floor. A bellcrank located forward of the wing translates the motion into a control
sector, which translates the motion into control cables. The control cables route
through the fuselage to a series of bellcranks and push-pull tubes that provide the
appropriate motion to the elevator control surface.

The elevators are located at the trailing edge of the horizontal stabilizer and
extend the entire length of the horizontal surface from the vertical stabilizer. The
elevator has an aerodynamic surface area of about 4 square feet and can travel
between 24.1° trailing edge up (TEU) to 19° trailing edge down (TED).

Movement of the horizontal stabilizer provides pitch trim from 1.7° leading
edge up to 14.3° leading edge down. Pitch trim switches are located on the pilot and
copilot control wheels and on the aft pedestal. The trim switches drive primary and
secondary electric motors, which in turn drives a dual screw jack electrical actuator.

The captain’s and first officer’s control columns were not identified in the
airplane wreckage. No flight deck pitch trim control was identified in the wreckage.,




Due to the damage of the airplane, no assessment of the elevator control cable
continuity was possible.

The left and right elevators were identified in the wreckage. The wreckage
included a partial part number 30-44114, which indicated the piece as a portion of
the elevator flight control surface assembly. Both elevators were fractured and
crushed by impact forces. No assessment of position of the elevators was possible.

The pitch trim actuator was identified in the wreckage, No part number was
identifiable on the actuator. The attachment rod fittings were fractured and sheared.
The actuator was almost fully extended, which indicates a nearly full nose up
horizontal stabilizer position. Photographs of the pltch trim actuator are included in
Attachment 1 as figures 1-1 and 1-2.

The horizontal torque tube assembly was identified in the wreckage.
Segments of the left and night pitch trim arm attachments were attached to the torque
tube. No part number could be determined. No assessment of horizontal stabilizer
position was possible.

8.2 - Lateral Control and Lateral Trim Systems

Roll control is provided by an aileron control surface located on the outboard
portion of the trailing edge of each wing. The pilot and copilot’s control wheels are
mechanically linked to the ailerons and to each other. The control wheel output is
translated into longitudinal movement by a series of cables and a torque shaft to an
aft cable sector located behind the center wing section. The sector converts the cable
input into a series of push-pull tubes and bellcranks that provide motion to the
aileron.

Each aileron has approximately 4 square feet of aerodynamic area and can
travel between 16.5° TEU and 10.3° TED.

The flight crew selects aileron trim via a switch on each pilot’s contro!
wheel. The trim input drives a motor that sets aileron trim through a force bias
spring system. The spring tension balances the aileron and relieves the necessity for
control wheel pressure.

An “L-shape™ gurney flap of approximately 10" long with 12" legs was
identified and recovered from the wreckage. The airplane manufacturer indicated
that a gumney flap was installed on the accident airplane’s right wing to assist and
balance aileron trim forces. The gumey flap was installed on the airplane the day
prior to the accident. The gumey flap was attached to the underside of the right
wing, near the trailing edge, outboard of the aileron. The flap was attached using
rivets and aerodynamic tape.




The gumney flap was found at the wreckage site fully separated from the
wing. It was bent about the longitudinal center of the flap. Aeronautical speed
tape was found on the flap, but no rivets were noted. Photographs of the gumey
flap, as found, are included in Attachment 1 as figures 1-3 and 1-4.

The captain’s and first officer’s control wheels were not located in the
airplane wreckage. No flight deck aileron trim input was identified in the wreckage.
Due to the damage to the airplane, no assessment of the continuity of the aileron
control cables from the flight deck inputs to the ailerons was possible.

Fractured and crushed pieces of the left and right ailerons were identified in
the wreckage.

Several pieces of aileron torque tubes and/or push/pull tubes were identified
in the wreckage. The pieces are noted as follows:

Aileron push/pull rod with attachments, part number 30-70021-12(?).
Aileron push/pull rod with attachment, part number 30-70021-72(?)
Aileron push/pull rod with sheared ends, part number 30-70021
Aileron push/pull rod with sheared ends, part number 30-70021-127
Aileron push/pull rod, crushed, part number 30-70021-18
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A photograph of several selected aileron push/pull rods is included in
Attachment 1 as figure 1-5.

Included in the recovered aileron push/pull rods were two *“dog-bone”
linkages. The airplane has two dog-bone linkages, one in each wing. The linkage is
bent in the center of the linkage for clearance inside the wing. One recovered dog-
bone linkage’s part number was discernable, 30-71017-5, and was bent in the middle
of the linkage. The other rod did not have a discemable part number, but had one
attachment with castellated nut and cotter pin. A photograph of the recovered dog
bone linkages is included in Attachment 1 as figure 1-6.

A piece of the aileron trim spring assembly was found in the wreckage. No
assessment of actuation was possible.

8.3 - Rudder Control and Rudder Trim Systems

Airplane yaw control is provided by the airplane’s vertical stabilizer and
rudder control surface system. A separate ventral rudder system is incorporated into
the airplane’s directional control system, but is not connected in any way to the
rudder on the vertical stabilizer.

The pilot and copilot’s rudder pedals are mechanically linked to operate in
unison. The pedals are attached to a torque shaft that translates motion to a system
of push-pull tubes under the cabin floor. A bellcrank located forward of the wing



translates the motion of the push-pull tubes to a control sector and control cables.
The control cables connect to a control sector in the aft fuselage. The control sector
is mounted to a torque tube at the rudder. The rudder has an aerodynamic area of
about 7.4 square feet and can travel 27.5° trailing edge left and right.

Rudder trim is input via a rotary switch mounted aft of the engine throttles
on the center pedestal. The switch activates an electric motor that moves dual screw
jacks and a rudder trim tab located on the lower aft portion of the rudder’s trailing
edge.

The airplane’s ventral fin incorporates a ventral rudder. The ventral mdder
has an aerodynamic surface area of 1.7 square feet and can travel 30° trailing edge
left and right. The ventral rudder is controlled by the autopilot and does not provide
feedback into the flight control system. The ventral rudder is used to augment yaw
control in cases of sensed uncommanded yaw. The airplane manufacturer indicated
that, for the accident flight, the ventral rudder system was deactivated.

A portion of a rudder pedal was identified in the wreckage. No other portion
of the flight deck rudder input system was identified in the wreckage. No
components of the flight deck rudder trim input system were located in the
wreckage.

Pieces of the rudder control surface were located in the wreckage. The
rudder surface pieces were crushed and fractured. The rudder trim attachment was
also located in the wreckage. No assessment of rudder control surface or rudder trim
position was possible.

The ventral rudder torque tube and attach fitting were located in the
wreckage. The composite ventral fin control surface was broken off the fitting. The
torque tube was fractured at the top of the fin.

8.4 - Trailing Edge Flaps

The airplane’s trailing edge flaps are electro-mechanically driven via an
electric motor and torque shafts. The flaps are actuated by a flap control lever on the
center control pedestal, aft of the engine throttles, in the flight deck. The flight deck
controls have preset positions relating to flap positions of (°, 10°, 20°, and 31°, The
airplane has one trailing edge flap on each wing. The flaps are mechanically linked
via gearboxes and a universal crossover box and tube.

No flight deck trailing edge flap control components were recovered. No
assessment of the position of the flap selector was possible.

Several pieces of each trailing edge flap surface were identified in the
wreckage., Two fractured flap roller carriages were identified in the wreckage.
One was an assembly identified as part number 30-32131-5. A portion of a flap



drive fitting, part number 30-322204, and a flap drive attachment, part number
30-32221-8, were identified in the wreckage. A portion of a flap drive torque
tube was identified in the wreckage. No part number was indicated.

Several pieces of flap tracks were identified in the wreckage. One
recovered piece with flap roller track did not indicate any trailing edge flap
extension. Another piece was located with the track fairing fractured. Several
pieces of the composite flap track fairings were found in the wreckage; one piece
was marked as “right center” flap track fairing.

8.5 - Leading Edge Slats

The airplane’s leading edge slat is a single piece unit located along the
leading edge of each wing. Each slat rides on four tracks and rollers attached to the
leading edge of the wing. The slats have two positions — fully retracted (zero
activation) and fully extended to 25° and are activated via the flap control lever.
Any selection of trailing edge flaps beyond the zero/retracted position actuates the
slats. The slats are actnated via 2 hydraulic actuators per wing and the system
includes a solenoid valve interconnect to coordinate slat activation.

No flight deck input components of the leading edge slats (the flap lever)
were identified in the wreckage,

Several pieces of the leading edge slats were identified in the wreckage.
Three slat tracks were located in the wreckage. Another slat track was identified
with slat structure attached to the track. Another leading edge portion of a slat was
located, with the top butterfly roller and lower roller attached. A piece of the
hydraulic flow regulator for slat extension was also located in the wreckage. No
indication of part numbers was noted and no assessment of slat position indication
was possible.

8.6 - Speedbrakes

The airplane has one speed brake on each wing, forward of the trailing flap.
The speed brakes are hydraulically activated and can rotate upwards to a maximum
of 35° TEU. The manufacturer indicated that for the flight test the speed brake
actuators were outfitted with an internal sleeve stop that limited speed brake travel to
about 20°, A switch lever located on the control pedestal in the flight deck controls
the speed brakes. The switch is configured to provide extend and retract positions
and the pilot can select the amount of speed brake extension or retraction by the
length of time of switch activation.

Several pieces of speedbrake surface panels were identified in the
wreckage. A speedbrake hinge was also identified in the wreckage. No part
numbers were identified on the speedbrake pieces.




Two speedbrake actuators were identified in the wreckage. The indicated
part numbers were 40179-800-7R-14 and 40179-1000-1. For each actuator, both
actuator rods were noted as retracted.

9.  Fuel

Pieces of three fuel jet pumps were identified in the wreckage. The portions
of the pumps did not include part numbers. Several under wing fuel access panels,
part number 30-38322-17, were identified in the wreckage. Pieces of unidentifiable
wing fue! tanks were found in the wreckage.

10. Hydraulic Power

A hydraulic accumulator/reservoir was identified in the wreckage, No
determination of part number could be made.

Two unidentified hydraulic valves were identified in the wreckage, No
determination of part number could be determined.

11. Ice & Rain Protection

No portion of the ice and rain protection system was identified in the
wreckage.

12, Indicating/Recording Systems

No identifiable portions of the instrument panels were recovered from the
wreckage.

One loose, unidentified gauge was found in the wreckage. The gauge was
broken and crushed; no assessment of indication was possible.

Three portions of avionics equipment were identified in the wreckage. Two
pieces were black avionics boxes with faceplates missing. Both boxes were crushed
beyond recognition. The third piece was an unidentified avionics box rear plate,
painted black with “Video Product” painted on the plate.

A housing or shelf for avionics equipment was identified in the wreckage.
The piece was identified as part number MT604SS-0011A.

The airplane was equipped with on-board flight test instrumentation used for
measuring, recording and telemetering aircraft performance data for the flight test
program. The equipment was mounted on two racks located in the aft main cabin, at
approximately fuselage station (FS) 292 and 320. The test equipment included two
data acquisition computers, one flight test equipment computer, 2 Hi-8 mm
videocassette recorder, and associated power supplies and integrated wiring. The




airplane was equipped with a Honeywell data acquisition unit, installed in the aft
equipment center

Portions of the two data acquisition computers were identified and recovered
from the wreckage. The computers were retained for further examination. The
videocassette recorder was not identified in the wreckage. Pieces of the test
instrumentation stand and racks were identified in the wreckage. Pieces of ballast
weight steel plates were identified in the wreckage. The data acquisition unit was
not located in the airplane wreckage.

Pieces of the flight test trailing cone assembly and attachment tubing were
located in the wreckage,

The airplane was not equipped with a flight data recorder (FDR) or cockpit
voice recorder (CVR).

13. Landing Gear

Pieces of composite gear doors were identified in the wreckage. The pieces
were crushed and broken, and several were damaged by fire.

Pieces of the nose gear structure were located in the wreckage. No part
numbers were identified. The nose gear steering actuator was identified in the
wreckage. No part number or actuator position assessment could be determined.

Pieces of the main landing gear structure were found in the wreckage. The
gear was broken; no part number was identified. An assessment of gear position
was not possible.,

A piece of the altemnate gear extension valve was identified in the wreckage.
14.  Lights

No portion of the airplane lighting systermn was identified in the wreckage,

15.  Navigation

A piece of the automatic direction finder (ADF) antenna was identified in the
wreckage. No other portion of the navigation system was identified in the wreckage.

16.  Oxygen

A small segment of a flight crew oxygen hose was located in the wreckage.
The oxygen indicator system overpressure relief disk was identified in the wreckage.

17. Pneumatic

10



No portion of the pneumatic system was identified in the wreckage.
Vacium

No portion of the vacuum systemn was identified in the wreckage.
Water/Waste

The airplane was not equipped with a water or waste system.

Central Maintenance System

The airplane was not equipped with a central maintenance system.

Airbome Auxiliary Power

The airplane was not equipped with an auxiliary power system,

NI38BF Sister Airplane, N30SJ

The group met at the Sino Swearingen facility in San Antonio, Texas on
April 27, 2003 to examine an additional Sino Swearingen SJ30-2, serial number 003,
N30SJ. The group examined the airplane for familiarity of the flight control
systems, flight deck instrumentation, and general airplane layout.

Thomas R. Jacky
Acrospace Engineer
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Structures Group Factual Report
Sino-Swearingea §110-2
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C. SIIMMARY,

On Apnl 26, 2003, at 1004 central daylight time, a Sino Swearingen SJ30-2, N138BF,
crashed during an experimental test flight. The airplane wreckage was located in a remote
area 35 miles north of Del Rio, Texas. The airplane diverted from controlled flight while at
approximately 32,000 feet altitude and was subsequently destroyed by impact and post-
crash fire. The sole occupant of the airplane, the pilot, was killed.

The structures group met at the accident site from Aprl 28, 2003 to April 29, 2003, to
document the airplane wreckage. As part of the investigation, the group met at the Sino
Swearingen facility at San Antonio, Texas on Aprl 27, 2003 to inspect the accident
airplane’s sister ship.

The group documented the wreckage distribution while at the scene. The group recovered
and identified relevant airplane structura! components for possible further investigation.
The components were identified, tagged, photographed and left at the accident site for later
recovery. The group also examined and documented the airplane’s relevant structural items.

The group was able to identify portions of the fuselage, wings, empennage and all control
surfaces in the debris field. There was no evidence of in-flight breakup, loss of airplane
structure or in-flight fire prior to impact.

D. DETAILS OF THE INVESTIGATION

1.0 Aircraft Description

N-number:

Aircraft Serial Number:

Aircraft Manufacturer:
Model:

Engine Manufacturer:
Model:

Aircraft Year:

Airworthiness Certificate:

Approved Operations:
Aircraft Type:

Engine Type:

Aircraft Category:
Number of Engines:
Number Seats:

Max. Gross Weight:
Total Time:

N138BF

002

Sino-Swearingen

S130-2

Williams International
Fl44.2A

2000

Special

N/A

Fixed Wing Multi-Engine
Turbo fans

Experimental R&D

2

7 (3 @ time of accident for flight test configuration)
13,500 Ibs

313.6 hrs
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2.0 Airworthiness

The airplane was completely destroyed by impact with the pround and post-crash fire. A
large portion of the aircraft remained unidentifiable. It was not possible to identify the four
comers of the aircraft. The entire aircraft fractured into small to medium size pieces' of
debris upon impact. Portions of the fuselage, wing skins, engines, landing gear and,
empennage structure were identified along with all of the contro! surface structure. However
a determination of the pre-crash integrity and functionality could not be established due to
the extent of the damage. In addition, no evidence of an in-flight fire or in-flight failure of
the structural elements was noted and all of the fracture surfaces that were examined
exhibited evidence of static overload.

3.0 Accident Site

The geographic coordinates of the accident were N 29 52.368 latitude and W 100.57.651
longitude at an elevation of 1741 feet on a plateau with ravines on three sides. The accident
site was essentially barren with low level scrub brush and no trees. The impact resulted in a
crater that measured 31 feet in length along a 265-085 degree heading. The crater measured
5 feet in width at east and west ends and 13 feet at the center and measured 2 feet in depth
along the entire 31 feet of length. Additionally, there was no ground scaring present in the
area of the crater from any direction. In addition, the earth’s composition at the location of
the impact crater was primarily solid rock. (see Attachment A Figure 8)

4.0 Wreckage Debris (see Attachment A pages 3 thru 12)

.Wreckage was dispersed over an approximate thirteen-acre area around 360 degrees of the
main impact site. An aerial search of the accident site did not reveal any aircraft parts
outside of this area.

The debris area was divided into four quadrants about the crater midpoint using north-south
and east-west lines, after which the relevant structural items were surveyed, and
photographed. The wreckage was left at the accident site and will be recovered at a later
date.

5.0 Fire Damage

A post crash examination revealed the presence of a post crash fire in the area of the impact
crater and along a north'erlyz path from the impact crater, Pieces of structure in these areas
were bummed and/or charred. Soot was consistently found on the external surfaces of
structure located in this area and no evidence or any patterns like those typically associated
with a moving fire were identified. No bright scratch marks, scuffs and/or smears were
noted in any soot patterns examined. No melted or splattered aluminum was observed on
the structure in this area. Several normally adjacent sections of structure were found both

! Small approximately 6 in. by 6 in. up to 12 in. by 12 in., medium 12 in. by 12 in.upto 24 in. by 24 in. and large
approximately 24 in. by 24 in. up to 48 in. by 48 in.
? Direction of the prevailing winds on the day of the accident as reported by the deputy who arrived first to the site.
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with and without fire damage.

6.0 Structure

6.1 Enselage

The fuselage structure was largely identifiable. Portions of the fuselage skins, frames
and stringers were found throughout the debris field. The largest piece of fuselage
structure recovered was a portion of the skin above the wing and measured
approximately 2 feet by 2 feet. (see Attachment A Figure 9} Small pieces of the flight
test equipment racks (orange in color) were identified throughout the debris field.
Several large stee! floorboards were identified at the main impact site along with several
of the seven aft mounted ballast weights. A reconstruction of the fuselage was not
possible due to the severity of the impact damage. (Reference wreckage diagram)

6.2 Doars

The main cabin door handle and a gear from the internal door mechanism were
recovered at the accident site. (see Attachment A Figure 10) Additionally a portion of
the emergency exit (overwing) door was identified along with main gear door hinges
with attached door structure. The remainder of the main cabin door, emergency exit,
baggage, nose and main landing gear doors were unidentifiable amongst the wreckage
in the debris field.

6.3 Wings

Both left and right wings fractured into numerous pieces. The largest portions of the
wing recovered were portions of the upper and lower wing skins. Both left and right
skin panels were identified at the site. The largest of these measured approximately 2
feet by 2 feet. Portions of the movable leading (slat tracks) and trailing edge (flap tracks)
structure were recovered at the accident the site. The only portions of the front and rear
spars that were identified were those attached to the leading and trailing edge devices or
the systems push/pull linkages for controlling the ailerons. No internal ribs were
identified. A reconstruction of the wings was not possible due to the extent of the
damage.

6.4 Empennage

Both the horizontal and vertical stabilizers fractured into numerous pieces on impact.
The largest piece identified was the horizontal stabilizer torque tube and control arm
structure. (see Attachment A Figure 11) Numerous small pieces of horizontal and
vertical stabilizer main box structure (skins, ribs & spars) were identified in the
northeast quadrant of the debris field. A reconstruction of the empennage was not
possible due to the severity of the impact damage.

Page 4 of 5
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6.5 Control Snrfaces

All of the movable control surfaces were located in the immediate debris field and
identified at the accident site. The elevator and rudder structure were recovered in the
northeast quadrant. Both the left and right flap (flap & flap tracks) and speed brake
structure were located in the immediate vicinity of the main impact site along with the
ventral rudder leading edge and torque tube. Both the right and left hand ailerons were
located on the north side of the main impact site along with the right wing gumey flap.
Slat tracks were identified at the main impact site however no slat structure was
identified in the debris field. (see Attachment A Figures 12 thru 20)

6.6 Landing Gear

Portions of the main and nose landing gear were identified at the accident site, The gear
structure was located in the immediate area and to the south of the main impact site.
Tires, wheels and brake components were spread over the southem area of the debris
field along with a large portion of the main gear. A small piece of the nose gear cylinder
was recovered under a boulder in the impact crater.

6.7 Elight Control Continuity

Flight control continuity could not be confirmed due to the severity of the impact
damage.

Brian K. Murphy
Aerospace Engineer
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Attachment A Figures & Photographs TADOIMAD4Y
Sino Swearingen SJ30-2

Control Surface Structure

Latitude | Longitude |ldentifier{Structure Description

29,8728 [-100.96092 X  [Crater

20.87295 100.96045 16  JAileron

29.87277 |-100.96142 17 |Aileron Bent Pushrod / Speed Brake
29.8728 1-100.9611 18 [Elevator 6'3" - Elevator Balanca Weight
29.87342 |-100.96078 19  |Elevator

29.87312 1100.96097 } 20 |Elevator

29.8739 [100.96072 21 |Flevator / Rudder Trim Tab

29.87277 -100.96122 22 [Elevator Control Hom

[29.87382 |-100.96077 23 |LH Elevator

23.8739 }100.96037 24 |RH Elevator

29.87272 |1100.96183 25 |Flap

129.87285 |-100.9604 26 |Flap

29.87295 |-100.95118 27 |Flap

9.87258 100.96162 28 |Flap - 2 Pieces

20.87227 |-100.95982 29 |Flap / RH, PN: 30-3221 -4

29.87283 |-100.96158 30 |Flap Fairing

29.8734 }100.96082 31 |Horizontal Stab Torque Tube / Aileron
29.87283 |-100.96083 32 |LH Aileron and Flap

29.87348 |- 100.96042| 33 ILH Aileron - outboard

29 87327 |-100.96047 34 |RH Aileron

29.87298 L100.96125 35 |Speed Brake Hinge

29.87307 L-100.9611 36 [Speed Brake Surface

29.87307 100.96165 37 |Speed Braks Surace

29.87335 100.96035 38 [|Speed Brake and Emergency Cabin Door
29.87412 1100.96062 39 [Rudder Trim Attachment

29.87248 -100.96042 40 [Flight Control Section (Rudder)

129 87255 -100.96027 41 [Ventral Rudder attach fitting

Table 1
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IADGIMAOSY

Systems Components

Latitude [Longitude [ldentifier|Structure Description

120 8728 |100.96092 X [Crater

29.873 |-100.9604 42  [Aileron Control Rods

29.87385 +-100.96062 43 [Avionics Tray

29.87415 F100.96068| 44 |[Circuit Boards

29.8741 1100.96047 45 |Computer Case w/components
29.87277 F100.96067 46 IControl Pieces

29.87285 F100.96107 | 47 IControl Rod - 30-70021-{127)
29.87317 100.96123 48 [Control Wheset (Aileron Cables), Control Pulley Lateral
29.87415 F100.9606 49 |CPU Assembly

129.8729 F100.9612 50 |Flight Control Bracket (30-70005-7)
120.87398 100.96022| 51 |Hard Drive & Computer Case
29.87418 |100.9603 52 IlLow Speed Computer

29.87198 L100.9609 53  |Lower Wing, Aileron Trim
29.87378 L100.9591 54 [Motor, Flap Drive

29.87327 +-100.9607 55 |Pitch Trim Actuator

29.873 }100.96135 56 |PN 30-70021-7 / Control Rod
29.874 |-100.96037 57 |Signal Conditioner! Vertical Stab
20.87283 |100.96125 58 [Speed Brake Actuator

2987283 |100.96125 59 |Spoiler Actuator

29.87338 |-100.9614 60  [Trim Actuator / PN: 30-840549

Table 2
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Engine Structure

Latitude Longitude__[Identifier|Structure Description

29 8728 -100.96092 X [Crater

29.8738 -100.95938 61 [2nd LP Turbine

29.87288 100.96105 62 [Aft engine mount

20.87287 -100.961 63 [Combustor

29.87417 100.9596 64 [Diffuser & First LPT

29.87355 -100.9601167| 65 [Engine Part {

29.87286667 1-100.9605167] 66 |Engine Part2

29.87435 -100.9607667] 67 [EnginePart3

129.87298 -100.896007 68 [Engine Igniter

29.87352 +100.9593 69 [Engine Oil Cooler

29.87398 -100.95943 70 |Fan Case, N1

129.87285 -100.96137 71 [HP Turbine Module / Wing skin plank
29.87288 -100.96117 72 [HP Turbine Nozzle Sub Assy.
9.87377 -100.95932 73 [Rear Housing & 1st/2nd LP Nozzles

Table 3
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Other ldentified Structure

Latitude

Longitude

Identifier

Structure Description

23.8728

-100.56092

X

Crater

29.8738

-100.86085

74

ADF Antenna Top Fuselage

29.87265

-100.96087

75

Ballast Plate (Co Pilot)

[29.87278

-100.95078

76

Brake Disks

[29.87243

-100.96187

77

Center Wing Butt Line 0, Lower Splice

29.87417

-100.95962

78

Eqgress Air Deflector

[29.87355

-100.96012

79

Elevator Transfer Mech

29.87263

100.96135

B0

Fixed Trailing Edge

20.87312

100.96035

81

Fuselage 2'x 2

29.87345

-100.96155

82

Fuselage Skin

9.87382

-100.96053

83

Fuselage, Below Escaps Panel

9.8732

-100.96042

84

Large Fuselage Skin

29.87202

-100.96127

85

Main Landing Gear Upper Trunion

29,8733

-100.86128

86

N Number from Nacelle

29.87332

-100.96128

87

Nacelle N-Number

29.87397

-100.96042

88

Nationa! INST SCXI Signal Cond.

29.8728

-100.96098

B9

Piece of nose landing gear

29.87252

-100.86022

80

RH Lower Fuse Center Flap Track, A/C Compressor

(20 87267

-100.95997

91

Section of Keel

[29.87385

-100.9594

g2

Skin Splice

29.87332

-100.95993

93

Structure w Rotating Transfer Mech

[29.87365

=100.96088

94

Tail Cone Camera Access Panel

[29.87255

-100.96027

95

Ventral Rudder attach fitting

29.87202

-100.96043

96

Wing Skin (Right Wing)

129.87437

-100.9597

97

Wing Plank-INBD

Table 4
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Horizontal Stabilizer Torque Tube
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Right Hand Elevator
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NATIONAL TRANSPORTATION SAFETY BCARD
South Central Regiocnal Office
624 Six Flags Drive, Suite 150

Arlington, Texas 76011

Powerplants Field Notes:

ACCIDENT:
Aircraft: Sino Swearingen SJ30-2, N138BF

Location: Del Rio, Texas
Date: April 26, 2003

GROUP:

Group Chairman: Jason A. Ragogna@
NTSB

Member: Rick Gorry @H
Federal Aviation Administration

Member: Chris Green CQ_/ 3’(,.

Williams Engines

ON-SCENE EXAMINATION:

Engine (serial # XXX)- Nearest to accident site.

Intake and Fan
One fan blade was found.

High Pressure Compressor
Not identified.

Diffuser Section
The diffuser displayed shadow marks, consistent with




the pattern on the combustor cover. A portion of the
vein section was recovered and showed impact related
damage.

Combustion Section

The combustor assembly was compressed and
displayed impact damage. The HP turbine nozzle
subaggembly was identified; it was twisted and
deformed. The fuel slinger and manifeold were not
identified. Remnantgs of the HP veins were identified.
The balance piston exhibited rotational score marks.

Turbine Section

The HP turbine disk was identified. All of the blades
were migsing, except for 7 blades that were separated
at the root. Approximately ¥ of the curvic coupling
gear teeth exhibited impact damage. Rotational
scoring was evident on both sides of the HP disk.

The LP shaft fracture surface displayed a 45-degree
sheer lip.

The #1 & #2 LP turbine disk/blade assemblies displayed
impact damage. The #1 LP turbine blades were bent,
fractured at various lengths, and some were wmissing.
The #1 LP nozzle veins were missing. A portion of the
housing {(support structure} behind the #1 LP turbine
housing blade displayed a section of rotational
scoring. The rear housing (from exhaust section) was
crushed over the #2 LP turbine and was not accessible,
therefore no observations were made.

The LP trip leaver was not identified.
Exhaust Section

The exhaust nozzle (inner & outer skin) were
identified., It displayed sooting and exhibited impact
damage. The heat exchanger and bypass duct were not

identified.

Accessory Section

The HMU, starter, fuel pump, & lubrication and
scavenge pump were identified at the accident site.



Engine (serial # XXX)- Located in Ravine

Intake and Fan

Three fan blades were found. No other parts were
identified.

High Pressure Compressor

The compressor was identified; however, all of the
blades were missing. Rotational scoring was observed
on the back face of the compressor.

Diffuser Section

A portion of the diffuser vein was identified. The
fuel manifold was not identified.

Combustion Section

A section of the combustor cover was identified. A
piece of the combustor primary plate was identified.
The HP turbine nozzle assembly was not identified.

Turbine Section

The HP Turbine was not identified. The #1 LP turbine
was not identified. The #2 LP turbine assembly was
identified. The #2 LP turbine blades were bent
opposite direction of rotation, and some of the blades
were fractured at various lengths., Portions of the #1
and #2 turbine nozzles were identified; however,
displayed impact damage. The LP trip lever was not
identified.

Exhaust Section

The rear housing and mixer exhibited impact damage and
were compressed. The heat exchanger and bypass duct
were not identified.

Accessory Section

No accessgsories were identified.



STATEMENT OF PARTY REPRESENTATIVES TO NTSB INVESTIGATION

Alrcraft Identification

Registration Number NI333F
Make and Model S7-3¢°
Location _ ALTA toma ,TX

Date of. 2603

The undersigned hereby acknowledge that they are
participating in the above-referenced aircraft accident or
incident investigation (including any component tests and
teardowns or simulator testing) on behalf of the party
indicated adjacent to their name, for the purpose of-
providing technical assistance to the National
Transportation Safety Board.

The undersigned further acknowledge that they have read the
attached copy of 49 C.F.R. Part 831 and have familiarized
themselves with 49 C.F.R. § 831.11, which governs
participation in NTSB investigations and agree to abide by
the provisions of that regulation.

It is understood that a party representative to an
investigation may not occupy a legal position or be a person
who also represents claimants or insurers. The placement of
a signature hereon constitutes a representation that
participation in this investigation is not on behalf of
either claimants or insurers and that, while any information
obtained may ultimately be used in litigation, participation
is not for the purposes of preparing for litigation.

By placing their signatures hereon, all participants agree
that they will neither assert, nor permit to be asserted on
their behalf, any privilege in litigation, with respect to
information or documents obtained during the course of and
as a result of participation in the NTSB investigation as
described above. It is understood, however, that this form
is not intended to prevent the undersigned from
participating in litigation arising out of the accident
referred to above or to require disclosure of the
undersigned’s communications with counsel.

SIGNA NAME (Print) PARTY DATE
1. C b tcens Wil s S Y[ Z7)03
Cf/fd(ﬁ M—-—G\_ 2.4’:;:_—_:_:'__ A SSAC q-27-03

{Continued on reverse side)

MTSB FORM 6120.15 (Rev. 1/97)
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29.847
29.6635
29.8642
29.8748
29.8769
299179
29.9269
29.9348
29.8542
29.8544
29.8811
298705
29.875%
29.8753
29.8784

-101.322 15:02:31.98 Reinf
~101201 15:03:19.02 Reinf
«101.174 15:03:31.17 Reinf
-101.038 15:04:17.78 Reinf
-100.98 15:04:41.48 Reint
~100.947 15:07:14.53 Reinf
-100.9268 15:0728.37 Reinf
-100.907 15:07:38.54 Reinf
-101.295 15:02:43.70 Ben
-101.267 15:02:55.68 Ben
-101.23 15:03:07.41 Ben
-101.135 15:03:42.90 Ben
-101.008 15:03:54.43 Ben
-101.07 15:04:06.18 Ben
-100.999 15:04:29.40 Ben




KMN 29.8359
KMN 29.8538
KMN 29.8449
KMN 29.855
KMN 29.8502
KMN 20.8543
KMN 29.8531
KMN 28.8558
KMN 28.8545
KMN 29,8583
KMN 29.0644
KMN 29.8642
KMN 20.8725
KMN 25,8793
KMN 29.3711
KMN 29.8741
KMN 298711
KMN 29.8788
KMN 29,8938

-100.909
-101.34
-100.902
-101.309
-100.908
-101.275
-100.912
-101.248
-100.913
-101.215
-100.917
-101.138
-101.103
-101.064
-100.987
-100.972
-100.975
-100.992
-101.003
-100.889
-100.978

15:02:23.93 Sch
15:02:38.28 Sch
15:02:47.80 Sch
15:02:48.23 Sch
15:02:59.98 Sch
15:03:00.07 Sch
15:03:11,89 Sch
15:03:12.10 Sch
15:03:23.98 Sch
15:03:24.17 Sch
15:03:35.81 Sch
15:03:43.17 Sch
15:04:00.12 Sch
15:04:11.98 Sch
15:04:47.90 Sch
15:04:47.92 Sch
15:05:23.88 Sch
15:08:23.89 Sch
15:08:35.95 Sch
15:08:47.89 Sch
15:08:59.83 Sch

111.825
99.5
111.375
99.875
111.125
100.5
M
101.125
110.875
101.875
110.75
103.625
104.625
105.375
108
108.25
108
107.625
108.875
108.625
108.5

140.381
150.845

140.01
149.678
140.098
148.711
140.188

147.92
140.188
147.129
140.273

145.02
144.229
143.174
140.889
141.152
141.152
141.592

14188
141.084
140825

1597
1714
15¢3
170
1554
1682
1595
1683
1595
1674
1596

1641
1629
1803
1608
1608
1611
1612
1605

102000
38000
102000
38800
102000
37200
102000

12000
34000
102000
31600
30400
28400
12400
15600
12400
102000
12000
12000
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STATEMENT OF
C.B. THORNTON, JR.
26 APRIL 2003

The undersigned was the pilot of Northrop T-38, N638TC call sign “Sino Test Chase” which was
contracted to provide safety chase for "Sino Test Two", the test aircraft. The aft seat of the
chase aircraft was occupied by Chuck Walis, a Sino Swearingen test pilot.

Cn this date the test aircraft had successfully completed its first test point several minutes prior
to the loss of the aircraft and Carroll Beeler, the tes! aircraft pilot, had completed a right hand
racetrack p#ttern to reenier the test track (SAT 270° Radial) for the second test point. Upon
reaching the second tes! point target airspeed, the tes! aircraft was approximately ¥ mile in
fromt of and 1000" below the chase aircraft. At the end of thecontro! input series, the test
aircraft was cleared by the company ground test facility to accelerats to the next data point if
able. The test aircraft pilot replied, *1 can't let go™. At this point, the test aircraft appeared fo be
in a shallow right bank with chase less than 500" above and 500" behind.

Very soon thereafter, the test aircraft began roifing to the right and continued to do so at a rate
of approximately 120*/sec +. This rolling maneuver appeared stable and continued unchanged
until impact. The test aircraft appeared intact throughout and no part of the test aircraft was
seen departing the aircrafl. There was no fire prior to impact. Afler the test aircraft began to roll
communications were approximately as follows:

Test Aircraft: "Lecan't stop it®

Chase: "Get Out”

Chase: “Carroll, Get Out”

Test Aircraft: ) *I can’t get out, too many Gs®
Test Aircraft: *I am going to die”

During the terminal dive of the test alrcrafl, chase orbited more of tess above the test alrerafl at
a distance from 500" to B0D0" at a very high rate of descent. This is a very rough estimate of
distance. The undersigned did not observe the impact but did cbserve a fireball one or two
seconds afier the test aircraft was last observed. Chase recovered at approximately 10,000
MSL, completed approximately two otbils and departed the area due to fuel considerations.
Houston Center and the Company Base were advised of the situation. No parachule was
observed and the impac! did not appear to be survivable. The chase aircraft retumed directly o
KSAT.

0P £

C.B. Thomton, Jr.
Chase Filot .
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Obéervationu by W.Peter Jennings - Plutter DER conduc:xng the flutter
test from the remote site telemetry van at Edwards Airport, Rocksprings,
- TX. - .

After departing San Antonio the’aircraft climbed to approx -392,000 ft
above Pt Jackson setting up for a shallow dive along an 050M track for
condition 1-14{M«0.B84}. . .

[]
Telemetry’ lock: was cbtained and the aircraft accelerated smoothly to
M=0,875. . At this speed the pilot input a single pulse to each control
surface, elevatar, alleron & rudder, Damping of each pulse was ohserved
and the pilot cleared for the input of the next pulse by the command .
*"GO™ from WPJ via the radioc link. This condition repeated condition 14A
achiﬁved on the previous flight. The level of buffet was reported by
the pilot to beeslower than that experjenced on the¢ previous flight. The
pilot also reported the the aircraft tended to roll right. The strip
chart has the note "Rt Roll*® written at the end. -

The aircraft decelerated and climbed to approx 19,000 ft setting up for
Condition’1-14, M=0.884 on a 2704 track. Following TM lock and steady
data signals the aircraft started a shallow dive. Strip recorder was
started at M«0.85 and test coodinator, {Pat Carvel) called out the
aircraft Mach No from the TM monitor display at approx 0,005 intervals.
The strip chart was anotated by hand. At M=0.884 elevator, aileron and
rudder pulees were input by the. . pilet. Responses were well damped.
Pilot, reported after the aileron pulse that he could not release the
wheel. Thipg was assumed to mean that not ailercn trim was available.
After each pulse was observed clearance for the pext pulse was give by
the "GO" command. Following the final, (rudder), pulse with good
damping records the pilot was cleared to the next test condition of
M=0.8%94.

Pilot then reported”Roll Right. Cannot Stop IT".
Telemstry signal was lost aﬁprox 20 seconds after last rudder pulse,

No further radio signals were heard until T8 chase called Sino Base to
inform them of the loss of the aircraft and pilot.

At the TM Van all records were secured énd the TM data records were
backed up by Dave Schweitzer. Following this the TM station was broken
down and the crew returned to San Antonio.

W. Pefer Jggnings
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Observation on flight of SJ30-2, SN002, N138BF, flight number 231,
on April 26,2003

Xing J Zhao

1, a senior dynamics specialist, sat next to Mr. W, Peter Jennings, flutter DER, in the mini van of
Sino Swearingen Aircraft Corporation at Edwards Airport, Rocksprings, TX, on Apnl 26, 2003,
monitoring felemetry traces on a strip chart for the flight231.

Flight 231 was planned for the condition 1-14, 32k/0.884, following the completion of conditions 1-
12 and 1-13 on the test cards in the previous flight, 230, on April 25, 2003.

After departing SAT, the airplane reached an altitude about 39000 fi before a dive 1o the condition
of 1-14, 32k fi and Mach 0.884. When the airplane reached Mach 0.875, the test pilot called
“Mark™ on the radio starting pulses unexpectedly. The telemetry traces on the strip chart showed
that the modes excited were well damped. After the pulses, the test pilot said that the abrupt roll to
the left experienced on the previous flight 230 did not happen and the chase pilot commented that
the speed was Jower than flight 230 and landing gear doors, clc, were all tight. The airplane started
climbing again 1o about 39,000 fi setting up for a dive to the condition 1-14, Mach 0.884 on the test
card.

When the airplane reached Mach 0.884, the test pilot called *Mark™ to start pulsing. After the end
of each pulse and quickly examining the TM traces on the strip chart, Peter Jennings said “Go” to
clear the airplane for next pulse. Three pulses, elevator, aileron, and rudder, were complete and
Peter Jennings cleared the airplane for next condition, 1-15, Mach 0.894, if flight condition
permitted the test pilot to do so. The test pilot did not acknowledge this. A few seconds later, the
test pilot said the airplane rolled and he could not stop it. Several seconds later, ] heard on the radio
that somebody said “Get out”. Nothing was heard on the radio until the test pilot said that we lost
the test airplane and test pilot.

<L



MTST# 35‘}36_07 Fage [of2

Personal Account of SSAC Flight 231 of SJ30-2 Fh;ttcr Flight on April 26, 2003
By: David H. Schweitzer, Instrumentation Lead

Position: Telemetry Van at Edwards County Airport, Telemetry Monitoring Station
and Mamal Antenna Tracking Station

The stations in the van consist of the following:

1) Right front seat facing forward with FTE display: Pat Carvel

2) Right middle seat facing aft: Flutter DER Peter Jennings with critical 8 channel
chart recorder. .

3) Left middle seat facing afi: SAC Dynamics Engineer, Joe Zhao with second 8
channel strip chart recorder with display to his right, visible to Joe and Peter.

4) TM monitoring and antenna steering with TM monitoring display in back of van
on left side facing left with TM equipment rack between Joe and me.

The TM monitoring station has a signal strength meter, a TM data valid LED (Green
Valid, Red Invalid), a set of manual antenna steering switches, and an antenna bearing
indicator. The TM display contains aircraft heading for tracking purposes and analog TM
output voltages for all other channels to trouble shoot possible TM malfunctions and data
acquisition D to A problems.

A call was reccived from Sino Instrumentation indicating the aircraft and chase were
airborne at 09:13. )

The TM Ground station data file was started at approx 09:30,

TM signal was acquired approximately 5 minutes later as the aircraft approached from
the East,

When the SJ30 made the VHF contact call with the TM van, TM signal was good.

The aircraft proceeded West to a position that was farther away than the previous day to
allow time for acceleration to the desired mach. TM was lost and acquired scveral times
before the aircraft tumed South and reacquired when the aircraft pointed back to the East.
When TM was reacquired, the signal was weak but steady (10 micro amps, {m-amp}, in

strength)

The test point proceeded with the TM signal weakening as the aircrafi descended but no
TM dropouts occurred. The mach number reached duplicated the point from the previous
day rather than going to the higher mach point briefed that moming. The pilot indicated
that he wanted to compare results from the previous day, and resulting aileron trim
changes were less than the previous day’s flight. As the aircrafl approached abeam the
TM ground station signal increased to 20 m-amp at the end of the run. The aircraft



FMAL 2%’2_

turned back to the West and gained altitude for the next run. Discussion from the pilot
with the ground station indicated that this may be the last point obtained for fuel
concems, especially for the chase aircraft. It was decided that the original point and the
next point would be attempted on this run, if the pilot wished, and altitude allowed.

The distance out increased and TM was lost, then reacquired as the pilot turmed back to
the South. The signal strength was again abowt 10 m-amp. As the pilot accelerated and
the test point begun, signal strength began to drop. The antenna bearing was 245 degrees
and the aircraft heading was 050 10 070 degrees. This indicated that the aircraft was
headed almost directly at the TM ground station so tracking was not going to be a
problem.. The Flutter DER cleared the aircraft to the first kick in the test point with a GO
command. As the aircraft descended and accelerated, the TM strength continued to drop.
A second GO command was issued. A third GO command was issued and the TM
strength approached the threshold for Lock-On (about 5 m-amp). The signal strength
dropped again and the TM signal dropped out (LED went Green to Red) for several
seconds. A fourth GO command was issued and the TM signal reacquired (Red to .
Green). Sometime after the last GO command, the TM signal dropped out again and was
mcquued

The Flutter DER cleared the axrcraﬂ to the next point. TM dmppcd out again and was
reacquired, maybe several times.

The next report from the SJ30-2 pilot was “It’s rolling and 1 can’t stop it™.

The TM dropped out completely and the next transmission heard was *“Carrol, get out™.

After an undetermined penod (maybe a minute or two), the chase aircraft was heard to
transmit “We have lost the aircrafi and maybe Carrol”™.

The T™M data file was closed at approximately 10:15.

Two copies of the TM ground station file were made. The file was copied to the
removable hard dnve (D:to E: ) and also to the system partition ( D: to C: ).

SSAC ln.stmmcntation Lead
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MEMORANDUM FOR RECORD

DATE: May 1,2003 TIME: 1400

NAME OF PERSON CONTACTED: Chuck Walls

AT (location or number): Sino-Swearingen

SUBJECT: IAD03MA049, SSAC SJ30-2, N138BF, 04/26/03
On this date and time the following were discussed: -

Mr. Walls was the second company test pilot, and was in the chase T-38 when the
accident occurred.

According to Mr. Walls,

Prior to the flight, there was a telephone briefing with the telemetry van personnel.
There was a briefing guide in the briefing room, but it was no used for the accident
flight. The accident flight was basically the same as the previous day, but at higher
airspeeds. Regarding call-offs, Mr. Walls said that Mr. Jennings could call the knock-it-
off if he saw something unusual. Carroll could do it too, as could the chase pilot. Peler
Jennings would make the call-off if the flutter test was not set up right.

One of the reasons Mr. Walis was on the chase plane was that on the day before, while
Mr. Walls was flying test airplane 003, Mr. Beeler thought he experienced an
uncommanded roll to the left at Mach 0.875. During the accident flight, Mr. Beeler
didn’t feel anything, except when he backed out of approximately Mach 0.845, He
didn't feel anything or see anything that would have related to what happened the day
before.

During the flight, the test point was reached, and Peter Jennings cleared the pilot for
point. Carroll then had a discussion with Thornton (the chase pilot), and Thorton
advised him that the T-38 was running short of fuel. Mr. Walls didn't think that Mr.
Beeler would attempt ancther point, due to the accident airplana’s altitude.

He {the accident pilot) was still in the same position as he ended up from the last test
point — right bank, and a little nose low.- a one thousand one, one thousand two, one
thousand three and the aircraft did a barrel roll to the right.

The first thing Mr. Walls thought, was "what did he do that for?” The airplane then
came around and made another barrel roll. It was not around a point like an aileron
roll; and it was not rea! fast; it looked *lazy.” Mr. Thomnton then said something to Mr.
Beeler, who replied, “l know, | can't stop it." Mr. Beeler didn't say anything else about
how the airplane was operating, or what he was doing.

Mr. Walls also noted that Mr. Jennings had previously explained that it was “okay” to
have to hold a little wing force to hold the airplane steady.




Mr. Walls stated thal he was not a DER; however, he had a lot of flight test experience,
first as an Air Force pilot and instructor at Air Force Test Pilot School, and had done

flutter tests with the C-17, MD-11, and MD-87, and was the chief test pilot for the C-17
project.

When asked why Mr. Walls didn't do the flutter tests when he had the most experience,

" Mr. Walls stated that Mr. Beeler felt that because he was the chief test pilot, he should
doit. Mr. Walls gave Mr. Beeler iraining; *| checked him out — he wanted to do it — we
went out and | demo’'d and he did it. He understood it, he's an F-8 guy. if t had any
qualms about it, he wouldn't have been able to do it. *

When asked about Mr. Beeler's brief, Mr. Beeler said that if he *felt anything abnormal,
Pll bring it home.” Mr. Beeler also knew to slow the airplane shoutd he run into any
difficulty, “We discussed it a lot (power idle,). We talked and talked about throttles idle,
In my mmd: | know he did that (throttles idle.)

Regarding gurney flaps: “I've never seen them used for roll control. | don't think that
had anything to do with it — should probably had more effect to the left.”

Regarding the danger:. *Oh yeah - high speed -~ can't get out.”

Paul R. Cox
Air Safety Investigator




| _PAT Carvel's..
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FAA Airfretne & Powerplant Mechanio (1977) With Inspection Authorizxtion (1A) 1792
FAA Flight Engineer - Turbqlet (1969)
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$330-2 Flutter Program Operation Roles

The SJ30-2 flutter test program was conducted in accordance with standard Sino Swearingen
operating procedures and any applicable procedures as defined by the Flutter Safety Review
Board (SRB) (and assodated safety/harard assessments) and the specific flight test briefings.

The airaaft, N138BF was based along with the chase T-38 out of San Antonilo, Tx (KSAT) The
test conductor team was based at the Rocksprings airport (69R).

The aircraft was flown single pilot in order to minimize mission risk. All flights were flown by
Carroll Beeler, Chief Test Pilot. The T-38 was flown by Chuck Thomton. The T-38 airgaft is
owned and operated by Thomton Airgzft Company, Suite 635 523 West Sixth Street, Los
Angeles, CA 90014 tel: 213-629-3867. During the flight that resulted in the fatal accident Chuck
Walls (SSAC ~ Flight Test Pllot) was in the back seat of the T-38.

The test conductor team consisted of Mark Fairchild (SSAC - Senior Flight Test Englneer), Pat
Carvel (SSAC - Flight Test Engineer), Peter Jennings (consultant - Flutter DER), Joe Zhao {SSAC -
Structural Dynamics Engineer), and David Schweitzer (SSAC - Flight Test Instrumentation). On
the day of the acddent Pat Carvel was the flight test engineer. The telemetry check and first
flutter flight was conducted by Mark Fairchild,

Flight Test Procedure;

Prior to the flight a mission briefing was conducted via conference call with both the San Antonio
based flight test team and the test conduct team in Rocksprings in attendance, During this
briefing all of the flight test cards were briefed induding the test limitations, test set-up, test
points, weight and balance, airspace operational considerations, aircraft limitation, maintenance
actions since last flight, instrumentation status, and chase aircraft procedures.

After the briefing the flight crews prepared for the flight (i.e. fited flight plans and manned
aireraft, etc) and the test conduct team went to the airport to set-up up the telemetry station.
Once the aircraft took off the telemetry van was telephoned to let them know the aircraft were
airborme and enroute.

When the test aireraft was in range the test pilot made positive radio contact with the test controf
via the fiight test engineer on the company radio frequency. Once a telemetry lock was
established with the aircraft the flight test engineer confimmed that with the pilot of the test
alreraft,

After the test pilot established that he had obtained the airspace block required for the test with
the various controlling agendes he reported it to the flight test engineer. At this time the test
pilot confirmed with the flight test engineer the next test point and then began to get established
on the point, With telemetry lock confirmed, test point confirmed, and fuel state required for the
point confirmed the test pilot was cleared to test and the radic was then passed to the flutter
DER.

Once on the test point the test pilot radioed “Mark”, he then proceeded with the control rap, and
the Flutter DER responded "Go” (assuming no flutter) which deared the pliot to begin his next
control surface rap for flutter excitation. After each rap, the Flutter DER would respond “Go” to
clear him to the next rap and the test pilot would respond “Mark” prior to rapping. The test pilot
in accordance with the test cards rapped elevator, ailerons, then rudder.



Upon the successful completion of a Mach/speed point the flight test engineer took back the
redio in order to run the operational side of the test and to note any comments from the pilot.
The flight test engineer also monitored fuel load during the test In order to malntain full wing
tanks.

During the test the flight test engineer monitored fuel Joad, airspeed/mach, and altitude,

Once the pilot got back on point for the next test point the radio was given back to the Flutter
DER and the process was repeated,

During the test the Flutter DER was responsible for terminating the test due to flutter or anything
else he saw on the data that he didnt like. As pllot In command the test pilot always had the
authority to terminate the test for any reason. In addition the chase pilot/rear seat pilot in the T-

38 In addftion to the flight test engineer had the authority to call off the test If they saw
something'they didnt I'ke.

Upon the conclusion of the testing the flight test engineer confirmed that the aircraft was enroute
back to base and then the test conduct team would telephone San Antonio base to let them
know the alraraft was on Its way back.

If there are any questions on this procedure please feel free to contact me.

Mark Faircti
Senior Flight Test Englneer
Alrcraft 002

05.01.03




VTS =37 3-F-03

The fatal crash of the SJ30-2 S/N002 on April 26, 2003 occurred while the aircraft was conducting flight
flutter testing in accordance with the FAA-approved cerlification SSAC report no. 30-2222, “Flight Flutter
Certification Test Plan for SSAC Aircraft Model SJ30-2".

As for many test flights considered hazardous, flight flutter testing was preceded, over the course of

several weeks, by: i

1. coordination meetings, both intemal to the company and with the outside flutter specialist;

2. at least one Technical Review Board (TRB), to understand, modify (if required) and accept the
configuration of the airplane as it relaled to the specific test to be conducted;

3. al least one Safety Review Board (SRB), to define hazards, cause and effect, and minimizing and
emergency procedures.

Usually, coordination meelings are conducted with personnel from many departments including
engineering, flight test, quality assurance, procurement, ground operations, etc. as required.

TRBs are usually conducted by engineering, flight test, ground operations and, if asked to participate,
quality assurance. Once the aircrafi configuration is defined and accepted, the SRB Is conducted, which
normally involves engineering and flight test only. TRB and SRB are chaired by the company safety
officer; the findings of the SRB remain in effect for the duration of the tests.

Flight flutter testing was no exception to the above. In fact, because it involved the participation of an
outside flutter engineering consu'tant and the use of telemetry, additional coordination meetings were
conducted by the {light test engineer, the chief test pilot, the company flutter engineer, the outside flutter
engineering consultant and the company lead instrumentation engineer. During these meetings, the test
cards were briefed in detail and procedures were agreed upon that addressed radio communication
between the TM crew on the ground (flight test, instrumentation and flutter engineers) and the pilot.

The agreement was for the pilot to conduct the required maneuver and, a2fier review of the TM-transmitied
test data, for the flutter engineers to either clear the aircraft to the next test point, ask the pilot to repeat the
maneuver or stop him from proceeding any further (faster). Furthermore, as with any previous test flight,
the chief test pilot made repeatedly clear that it was his prerogative to call off any test point at any time if he
deemed necessary to do so, either for operational or safety-of-flight reasons. This was fully understood
and accepled by all pariies involved.

At the request of the chief test pilot, a chase aircraft and pilot were brought in from outside the company to
follow the flight test airplane during flight flutter testing. The crew aboard the chase aircraft was to check
for visible abnormalities during and after each test point, with a particutar emphasis on gear doors, access
panels, etc. possibly deparling the test airplane as a consequence of the test maneuver. Any coordination
between the test and the chase aircraft was handled by the two pilots-in-command. For what resulted in
the final flight of S/N002, the crew aboard the chase aircraft consisted of its owner/operator and another
SSAC company test pilot, equipped with a pair of binoculars to observe the tes! aircraft during and after the
fiutter maneuvers.

The test aircraft was specially equipped with an emergency depressurization valve, and an emergency
egress door with associated air deflector. The test pilot was wearing a helmet and a parachute attached to
a cypress device.

Due to the nature of the test, per a previcus agreement between SSAC and FAA, flight flutter was to be
conducted during company pre-TIA testing only, and not 1o be repeated during FAA TIA testing.
Certification recognition was to be given to the resulls of flight flutter test, during which the airplane-
demonstrated freedom from flulter was 1o be used to initially set Voe and Moe. Hence, prior to ground
vibration and flight flutter test, aircraft S/N002 and ils test instrumentation were FAA-conformity inspected
in accordance with FAA request for conformity no. ACO-163, ACO-164 and ACO-174. The deviations from
the conformity requirements were documented in the appropriate discrepancy report (with attached FAA
8100-1 form), reviewed by the cognizant engineer(s) and deemed by the flutter consultant engineer as

acceptable for flutter.
% %




AT T

—-a gemr FEAt VSN WL B BRI

LTIV N

Ao Cogonicls f/bs
J F7

—> BID-2  phie; ToansEF

J

/%’ ijgo -2 p/v% /5 Alﬂ/é ot Ov\f ié G?i
ALY A IC'
/s resert Sue (oJ Aoroe/»:svf-c e % e

7Z 15{ ﬁ? /d» * t - veurf, f; Z ¢
ol i0n SR A T80 B ki 76 @”,iﬁjai&i%

A & Cfures cha: au

5/41:29&5 %ﬁ. w&fc’ bw Mzé. sl it Seviabrens.
&

bord /e Aort- Y gl :
MV A?L [7 / 74(’ V1A éau c:?"?f Aﬁ/l‘ &o° fom
s

Je fen Pt O.6°
dcwf? a?:vn?ﬁw m_..u/{ra o Al /Mbof/ffﬂd:rb
/e Um;j -.F'u/ (J{ ¢ da i AF Voo C_&Qims)

/ 67 wr A o ?a/a/mré/ =
M—/@C%ﬂ?& /a// czl{?@/ 7 =
/ Litevad i,
R A’f# ﬁt_zzq :,c,“/i.,a

‘ﬁf’/?c /MI'VASA;:;L“/Zé Mfﬁof'o}'

/uj Aore Hrim A wn=5> Ava ff[a[c’ =0
MG LD Sl gz k=’

conbiove ard e Lfuter feets 47

A!/Dzé .-//aa) Y st IR T b /) ,'g,
:4-‘:@/:25 &ng:_. p— ZL() (—"'"/xu-]f (&Z?‘;j’ Q‘Z é

15 .
Ao ;va«uc LG’ r@‘c)?ﬁm«% ‘Z .rsé /irz.un.’

aafu{v redeimineag walt, =z,
JOCIEEras Iteesd Lo R‘x./ff(vrf«d* wr =
wﬁ’ Nt wuc‘kprrrzé

4

A
e f.o xc'a »"(f ﬁ o /mcf/ by AN A(( '
éﬁﬁ / 7/ fnvj /s /‘Zr;.,uf"’:'




IO-SWEARINGEN Model: SJ30  Flight: _230

Alrcraft Co.

Reg No; N138BF  Date:

SerNo: 002 Cards;

Purposa of Flight: '
Flutter Testing - [Roport 30-2222)

Test Limitations / Hazards:

See Attached TTAL Summary
Monitor Brake Temperatures
TAKEOFF-500°F

MANUAL FUEL SYSTEM OPERATION
FOR DIVERTER VALVE

6 PSID PRESSURIZATION VALVES INSTLD
CABIN ALT WARN - 13840 FT+0/-1300 FT

AILERON CONTROLS MODIFIED -
TRAVELS +16°/-11°,

FLIGHT CONTROLS BALANCE TO AFT LIMIT
SPEEDBRAKES LINMITED TO ¥: TRAVEL ‘

Test Spocifics:

NOSE BOOM INSTALLED

EGRESS DOOR INSTALLED

TM ANTENNA INSTALLED

RAD ALT REMOVED

EMERGENCY DUMP VALVE INSTALLED
GURNEY FLAP INSTALLED

Standby static haat - discannected

L/ R WAl Door Control Circult Breakers ~ IN
U R WAI Boor Cperational via WAI Switch/FTE Cntl

Stick shaker elavator servo & column pusher moter
- connectors/wiring are cappad/stowed

1T 2D0#

Clrcuit Breakers Collarad:

Non Ess Bus

L/R Ldg Light

Cabln Reading/Ovhd
FSB/ No Smoke

Emer ExIit

Cabin Press

Column Pusher

ice Detect Cont/ Pwr
Hor Stab

L/R Wing Ice Protection
L/R WAI Pwr

L/R AQA Ica Protsction
Rud Blas

AP Sorvos

L/R AOA Cmptr

Wx Rdr Cont / Pwr
TCAS, Fit Phone, Tollet
Hot Cup 1 & 2, Comp Outlet
Entertain System

Total Pliot Side = 18
Total Copllot Side = 11 -

Takeoff Elight Crew
T.0.Gwt Pilot Beeler
Co-Filot/ FTE

T.O. N1 FTE / Qbserver

Efight Timg
Taxi
Takeoff
Land

LTS3# 3o

G- 08




ANO-SWEARINGEN Flight:

/ Alrcraft Corp, Date: —--—-_-_ 1/ 1 s
Reg No: N138BF Ser No: 002
[Test Purpose: PRE-START |
Test Procedure:; - B
INSTRUMENTATION: DISPLAYS ON & OPERATING (/ ‘ i/ .
y S
EGRESS DOOR: INSTALL AND LATCH /
{COORDINATE WITH GRND CREW) .
PIN ENGAGEMENT (6) / /!
A
SYSTEM CONNECTIONS: SEAL & ELECTRICAL
v

SYSTEM CHECKS:

OVERHEAD DUMP HANDLE:

DEFLECTOR:

CYPRESS DEVICE:

PILOT EVENT:

OVERHEAD DOOR UNLOCK sSW

UARDED-I-SAFE__—’—/\ S

ARM SWITCH - ON ILLUMINATED :‘?
P

—t
T Ll

| p
STOWED / UNPINNED i
L.
EXTEND / UNPINNED {/
g
ATTACHED U G
DEPRESSED (1 SEC) )¢
ToD: )C35 N

Run AIS Alt Slats/
Flaps

Gear PowerSet Bleeds Optlonal




Flight:

“INO-SWEARINGEN
Date:

Alrcraft Corp.

/ reg No: N138BF Ser No: 002

[ Test Purpose: FLIGHT CONTROL SWEEP

Test Procedure:

1} START THE RIGHT ENGINE

2) CHECK COMS WITH CHASE / BASE AS REQUIRED

3} FOR EACH AXES PERFORM A SLOW FLIGHT CONTROL ROLLOUT
-4}-FOR EAGHAXES RUNATRIM.CONTROLSWEEP

5) SET STABILIZER TO 7 DEGREES

6) SELECT/VERIFY: PILOT AIR DATA REVERSION - NORMAL

Gear PowerSet Bleeds Optlonal

EXT AR/AR

Slats /
Flaps
EXT /20

AJS Alt

OFF/
OFF

1A AR Field

o

,
@,zﬁ"r. l

-

7
y

5
2

g
—.

-,

-7

[ S




INO-SWEARINGEN Flight:

Alrcraff Corp. Date:
Reg No: N138BF Ser No: 002

| Test Purpose: FLAPS 20 TAKEOFF

Test Procedure:

1) TAXITO HOLD SHORT OF RUNWAY

2) PILOT TO CLEAR GROUND CREW FOR TRAILING CONE DEPLOYMENT
3) PERFORM A CROSS-START OF THE LEFT ENGINE.

4) SELECT/VERIFY: YAW DAMPER ~ON

5) PERFORM A NORMAL FLAPS 10 TAKEOFF

NOTE: GROUND CREW VERIFIES TRAILING CONE REMAINS ON
AIRCRAFT. CROSS CHECK VSPEEDS AND POWER SETTING WITH
BASE.

W

TAKEQFF TIME

Run AlS Alt Slats/ Gear PowerSet Bleeds Optlonal
Flaps
2A EXT/10 EXT TOI/TO OFF/
OFF




/fi'l 'INO-SWEARINGEN Flight:
/ Alrcraft Corp. Date:

Reg No: N138BF SerNo: 002

[ Test Purpose: CHASE JOIN UP / TELEMETRY DATA CHECK

Test Procedure:

ENROUTE TO THE TEST AREA

1} SELECT/VERIFY: PILOT AIR DATA REVERSION TO PILOTS TC ADC

IN THE TEST AREA AT TEST ALTITUDE s

L4

1) CHECK COMMS BETWEEN ALL AIRCRAFT AND BASE
2) VERIFY TELEMETRY DATA RECEPTION

3) GROUND STATION TO VERIFY PROPER INSTRUMENTATION
OPERATION

L

A3 Alt Slats / Gear PowerSet Bloeeds
Flaps

AR AR RETR/ RETR TFLF ¢ AR/AR
RETR TFLF




INO-SWEARINGEN Flight:
Alrcrafi Corp. Date: 5/ L.
Reg No: N138BF SerNo: 002

[ Test Purpose: FLUTTER TEST— 30.2222 .

Tast Procedure; /

1) SELECT/VERIFY: YAW DAMPERA OFF
2} TRIM FOR STRAIGHT LEVEL FLIGHT AT THE CONDITIONS NOTED
3) CROSS CHECK NOSEBOOM AIR DATA WITH COPILOT AIR DATA
4) FTE VERIFIES OK FOR TEST POINT

ELUTTER TEST

6} APPLY ELEVATOR CONTROL RAP, REPEAT OTHER DIRECTION

7) APPLY AILERON CONTROL RAP, REPEAT OTHER DIRECTION

8} APPLY A RUDDER KICK (LEFT OR RIGHT), REPEAT OTHER DIRECTION
8) RAPIDLY DEPLOY SPEEDBRAKE FULL (HOLD 2.3 SECONDS), RETRACT

10) AT THE COMPLETION OF TEST DECEL TO PREVIOUSLY CLEARED
POINT, UNTIL FLUTTER COORDINATOR CLEARS TO NEXT TEST POINT,

NOTE: HIGH SPEED POINTS MAY REQUIRE A SHALLOW DIVE,
THE TOLERANCE BAND FOR THE TEST IS +/- 1000 FT.

NOTE: ON FTE CALL OR ADVERSE CHARACTERISTICS
PERFORM ABORT MANUEVER.

Run AlS Alt Slats/ Gear PowerSet Bleeds
Flaps




INO-SWEARINGEN Filght:
Alrcraft Corp, Date: 6/ 12
Reg No: N138BF Ser No: 002
[ Test Purpose: FLUTTER TEST POINTS !
Run  AS, ~ At  Slats/ Gear PowerSet Yaw A )
22V Flaps Damper ___ 59 )
1287 A P83 )" 32k T RETRILRETRGTELFTFLE R OFFkt T Full Wiig? / !
N
1-1 RETR RETR TFLFTFLF  OFF  Full Wing _ = e
A . C‘S ?> /(".
85477/ 32k :“RETR.**RETR_TFLF/TFLF" ™" OFF: ™" Full Wing| _ - .
-/ e r'--‘ L',L(
2
\ A Q7 —
113 0.864 / 32k RETR RETR TFLFATFLF  OFF  Full Wing /.-;2-,» ; .
- - " ( ‘
.\; /Z ‘ Z/ {L G
A i)
14N 2%0.874"5/ 32k RETR- - RETR. -TFLF/TFLE. ~f OFF= Full Wings A
TR N 7
-
e ’ . .{’JL-’
114 - -0.884 [ 32k RETR RETR TFLFTFLF __OFF _ Full Wing | :
L - - e («
\ 2 "‘\ /4’ L
115 /0.894 /32k RETR RETR TFLF/TFLF  OFF  Full Wing -
! - L
\_~ PR
1-16_0.904/Mdf 32k RETR _ RETR TFLF/TFLF__ OFF___ Full Wing | 7
_—




INO-SWEARINGEN Fiight: .
Alreraft Corp, Date: 7/ 1.
Reg No: N138BF Ser No: 002

[ Test Purpose: FLUTTER TEST POINTS |
Run AS Alt Slats! Gear PowerSet  Yaw

Flaps Dampor
44A 321 18k RETR RETR TFLF/TFLF  OFF Full Wing

_44B¥+3) 3310 3R Bk % RETR S RETRETELFTRLFR DY OFF4: 0 FullWihgh

1-44 341 - 18k RETR RETR TFLF/TFLF OFF Full Wing

45A "~ 3517 48I¢ T RETRG 5 RETR. TELF/TFLE:S R OFFti) FullWingy

1-45 361 18k RETR _ RETR TFLF/TFLF OFF Full Wing |

1-46 371 18k RETR  RETR TFLF/TFLF OFF Full Wing |

1-47 376 18k RETR  RETR TFLF/TFLF OFF Full Wing




INO-SWEARINGEN
Alreraft Corp.
/ Reg No: N138BF Ser No: 002

[Test Purpose: FLUTTER TEST POINTS,

Run AJS Alt Slats/ Gaar Power Set Yaw
Flaps Damper

%4.281% 10,784 271 26.1k &' RETR 4% RETR # TFLFITFLES X~ OFF=:% Full Wing+

« 29A 0.7 9414 26.1K54 RET R 7+ ERETR 4T FEF/T FURy Ml QE ISR FUlWID R

1-29/ 0.804 /26.1k RETR  RETR TFLF/TFLF OFF Full Wing

30A~+00.814 26,1k ¥ RETRI#F) RETR*STFLE/TFLE3 1 OF Fke? FUlKWIHGE

L

1.30 . 0.824 /26.1k RETR RETR TFLF/TFLF QFF Full Wing

¢

31A - 0.834 .- 26.1k " RETR"'‘ RETR.:TFLF/TFLF+&~' OFF - Full Wing ! |

RETR  RETR TFLF/TFLF OFF Full Wing |




INO-SWEARINGEN Flight:
° Alrcratft Corp. Date: v 12
Reg No: N138BF Ser No: 002

| Test Purpose: FLUTTER TEST POINTS l

32A" " 0.854- '26.1k 7 RETR#"RETR ETFLFITFLE df OF F s Full Wingy

I

/

-32/ 0.864 ] 261k RETR RETR TFLFAFLF OFF Full Wing |

/

33A%5 1 0.874 7% 26,1kt RETR #te! REVR % TFL [T ELERSFHOE Fasats FOlLWINGR,

;o
"./\
4
!

1.33 / 0.884/ 261k RETR RETR TFLF/TFLF OFF Full Wing

/

-34A%:: 0.894 v 26.1k* i RETR i RETRITELE/TFLEAR N OF RSl FuIlWI A e

,

1-34 [ 0894 | 281k RETR _RETR TFLF/TFLF OFF Full Wing |

L/

1-35 0.904/Vdf 261k RETR RETR TFLF/TFLF OFF Full Wing




SINO-SWEARINGEN Flight:

Alrcraft Corp. Date: 10/ 1.
Reg No: N138BF Ser No: 002

[ Test Purpose: EXITING TEST AREA
Test Procedure:

EXITING TEST AREA

1 SYSTEM CHECKS: OVERHEAD DOCR -GUARDED { SAFE
ARM SWITCH - OFF

2) OVERHEAD DUMP HANDLE: STOWED / PINNED

3) DEFLECTOR: RETRACT / PINNED

4) SELECT/VERIFY: PILOT AIR DATA REVERSION - NORMAL

Run AJS Alt Slats/ Gear PowerSet Bleeds
Fiaps
AR AR RETR/ RETR TFLF/ AR/ AR
RETR TFLF




INO-SWEARINGEN Flight:

Alreraft Corp.
Reg No: N1388BF SorNo: 002

Dato: 1/1.

[Test Purpose: LANDING

Test Procedure:

1) ALERT BASE APPROXIMATELY 10 MINUTES BEFORE LANDING
2) CONDUCT A NORMAL FLAPS 31 LANDING

3) TAXITO END OF RUNWAY, TURN OFF, SHUTDOWN LEFT ENGINE
4) GROUND CREW TO SECURE TRAILING CONE

5) TAXITO RAMP; TURN ON GROUND POWER, SHUTDOWN THE RIGHT
ENGINE. MAINTAIN ELECTRICAL POWER FOR DATA SYSTEM.

VAP

VREF

LANDING TIME

Run AlS Alt Slats/ Gear PowerSet Bleeds
Flaps
13Vs Field EXT/3% EXT AR/ AR AR/TAR
+5




INO-SWEARINGEN Flight:

Alrcraft Corp. Date:
Reg No: N138BF Ser No: 002

12/ 1.

[Test Purpose: DISARM STALL CHUTE & BLAST DEFLEGTOR

Test Procedure:

1) CYPRESS DEVICE - DISCONNECT

2) DOOR:

DISCONNECT SEAL & ELECTRICAL

DQOR: ROTATE HANDLE
(COORDINATE WITH GRND CREW)

Run AlS Alt Slats / Gear Powor Set Bleeds
Flaps
- <160 >5kft EXT/HO RETR TFLF OFF
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Weight:

toad Factor:

Altitude:
Speeds:

Yaw:

Operation:

Pilot Forces:

Performance:

Systems:

“nt.pn

Takeolf

Landing
Flaps 31

Al?craff S/N 002

Temporary Test Aircraft Limitation Summary

Maximum Takeoff
Maximum Landing
Cican

Flaps 10, 20, 31
Gear Operation

Maximum

Vmo/Mmo
vfe(10, 20)
Vie(31})
Vio / Vie

Gear Operating

FTAL No
AFFM Limits
AFM Limits
0.0g to 2.0g (trimmed), O to 2.0g (mistrimmed) 1055,
00910209 " 8,55
19+ 0.25g 56
AFM Limits
320 knots 7 0.83 Mach
180
150
2007225

Function of Airspeed (See Attached) 6%at 200 knots

Gear Down/Locked Function of Airspeed (See Attached) 10.7° at 225 knots 56

VMC conditions ONLY, IMC Operation Prohibited

54,63,

Takeoff ] Alternate airports and enroute must meet VFR requirements or as 66

diclated by the PIC.

Crosswind TO /Ldg 10 knots 58

Elevator:
Adleron:
Rudder:

MTOW

TCFL

Speeds

1* Segment

3" Segment Dist
MLW

LFL

Speeds

Brake Energy
Appr Grad (F10)
Balked Ldg Climb

Cabin Delta P
Wing Anti-ice
Engine Anti-ice
Autopilot Use
Flight Director
Rudder Bias
Stlick Pusher
Landing Light

200 Ibs
85bs
225 bs

Monitor Forces where large sideslips, pilot control
forces or g is expecled.

Flaps 10
AFM - 2501bs
AFM + 550
AFM +5
AFM -0.5%
AFM +0.9NM
AFM =200 bs
AFM + 2751t
AFM +5
(Hp<2kfl) AFM +0.55 Million / {Zk<Hp<4kf}+1.6 Milion
AFM -0.5%
AFM ~2.0%

6Psid 6 Psid Valves Instalied
Prohibited

Prohibited

Prohibited

Restricted (Uncoupled)
Prohiited

Prohibited

Prohibited

. Flaps 20 Proh:bited

“No Flight into known heavy turbulence or forecasted greater than moderate

No Flight into known lcing

No Full or Rapid Control Elevator Reversals (Exception Flutter)

No inlentional engine manual reversions in flight above idle.

Takeofls / Landing Gear Retraction prohibited when Brake Temps > S00°F

Repeated Accel-Stops require to allow the entire brake assembly to cool to

less than 100°F as noted by instnumentation or handheld brake temp device

Landing Gear Warning Tone is disabled for Flaps less than landing 40
Aileron Trim restricted to 20% and 80% of DAY indicalions {~ 20% remaining}
Standby Static Source Heat Disconnected, Standby Pitot-Static Instruments 66
may be affected in icing conditions

Single Glidesope use Localizer Onty Minimums, Dual Glideslopes tuned and 72
monilored can use normal published minimas

These limitations superscde lhose contained with the Preliminary AFM until lifted as detaitod in
Engincering Procedures EP-008, For limitations not listed refer to the Preliminary AFM.

002TTALSumC.doc
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TTAL 56, Vie/Vio Sideslip Limits
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/ SINO-SWEARINGEN AIRCRAFT CO.

AIRPLANE LOADING MANIFEST
AIRCRAFT S/N:002 S/N: N138BF

FLT No.: DATE: REV: D
itemn Description Weight Fus. Sta. C.G. Commenls Mome
b in % Mac Itrin/1000
Basic Empty Weight 9111 35092  34.99 BEW determined FTWO 02-5162 3197
Occupants
Pilot 210 186.5 CB-210, CW- 165 MS- 195, SH- 190, JB - 170, 39
Test Conductor / Co-Pilot 186.5
Flight Test Analysis 2750
Second Observer 0 222.1 Two Locations Possible FS 221.2 or FS 293 0
Cockpit
Parachutes 16.5 198 Parachutes 16.51bs/ ea 3
Seat Cushions 0 198 EachCushion1.5lbs/ea ]
Main Cabin
Repositionable Ballast Box 0 2368 Location can vary from FS 205- 349 @ 85 Ibs 0
Baftast 0 2368 Add 6 ibs for Rack when total Ballast+Rack>450 lbs 0
AR Baggage Compartment
Ballast 280 427.2 Maximum Weight - 440 Ibs / ea. rack 120
Ballast Rack (2} 118 426.0 AftRacks-59bsea en
Other
0 0.0 Add 9,223 in-1bs ] 1000 for Gear 0
0 0.0 Retracted Moment Calcutation 0
Unusable Fuel Ib
Unusable Fuel, Ib included in BEW Build Up
|_ZERO FUEL WEIGHT (MAX 10,100LB): 9735 350.2 33.85 3409]
Fuel th
Fuel Quantity 3500 3447 Max =458gal, 3066 b 1206.5
{ RAMP WEIGHT (MAX 13,600LB): 13235 3488 3148 4616]
Loading Summary Wheel Loading Reactions
Total Occupant Load (LB): 210 !bs Nose Main
Total Fuel Load (LB): 3500 Ibs a51 12285
Total Payload (LB): 398 ibs
Ramp C.G. (%+MAC): 31.48 T.0. C.G. Limits: Fwd = 18.44, Aft=34.85
Plepared by Checked / Approved by Approved by

Flight Test Operations Flight Crew Member Manager Test Operations



/ SINO-SWEARINGEN AIRCRAFET CO.

AIRPLANE LOADING MANIFEST

AIRCRAFT S/N:002 S/N: N138BF
FLT No.: DATE: REV: D

Fuselage Station F.S. {inches) Fuel Burn for 1 g Flight, Gear Down
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N o AIRCRAFT
RELEASE FORM | DATE: _ APR 23, 2003

AJC TYPE: SWEARINGEN $J30-2 ACSMN: 002 REG. NO. N{38BF

REFERENCE LASTEST SSAC APPROVED “AIRCRAFT INSPECTION 1 RELEASE AUTHORIZATION” DOCUMENT
FOR LISTING OF AUTHORIZED PERSONNEL TO RELEASE THIS AIRCRAFT

1. AIRCRAFT PREFLIGHT:

THIS AIRCRAFT HAS BEEN INSPECTED IN ACCORDANCE WITH THE LATEST FAA APPROVED VERSION OF SSAC INSPECTION
PROCEDURES “QAJNSPECTION-500". BASED ON THE FUGHT PLAN FILED [VFR, VFR NIGHT, OR IFR] THE APPLICABLE
» INSTRUMENTS & EQUIPM SPECIFIED N FAR 59!.205 ARE OPERATIONAL.

2. CONFIGURATION/MAINTENANCE:
THIS AIRCRAFT WAS BALLASTED AND FUELED IN ACCORDANCE WITH FTwoNo.  2-5223
FTWOs ISSUED SINCE LAST GROUND/FUGHT TEST HAVE BEEN CLOSED WITH THE EXCEPTION OF THE FOLLOWING:

CHED TATUS RE
D "SPECIAL INSPECTIONS® THAT WERE REQUIRED S

73 é? {/ /
LAt A
AD TTESTGROU D OPS AC QUA ASSURE
I L BT LA T 2 S T P I 0% o AR £ L e T L BB N AT TR B A B D 2 ik LR A A G AT T S &, 7Rl AR TR L SN i

3. INSTRUMENTATION:

MNSTRUMENTATION SYSTEM FUNCTIONAL/ICALIERATION CHECKS HAVE BEEN ACCOMPUSHED IN ACCORDANCE WITH
APPROPRIATE FTWOIS] ANDJOR SSAC REPORTS AND 1S SATISFACTORY

ADDITIONAL REMARKS:

(G T

LEAD, INSTRUMENTATICN

e A T ;Wz:m%mxmm‘r:h% u’w- :w:attmmuwmuwum X
4. TEST CARD / LIMITATIONS::: B e '
ARRCRAFT AND INSTRUMENTATION ARE . ACCEF!’ABLE FOR TEST(S) PRESCRTBE?_ON T‘EST CARD
ADDITIONAL LIMITATIONS: A Sh e

MANAGER. TEST OPERATIONS

5. AIRCRAFT ACCEPTANCE:
| HAVE REVIEWED THE CONFIGURATION CHANGES [FTWOs) THAT WERE MADE TO THIS ARCRAFT SINCE THE LAST TEST

]/y\ﬁ W%W AND/OR FLIGHT TEST.

PLb-FN—COMMAND

PROPRIETARY STATEMENT
MwmwhﬁmnhmﬂmdhmmMM(M)ﬂmmmdmmth
be used, dplcoted, or deciosed 10 others and sre for SSAC imiemal use only. The reciplent of this document, by its retaniion and Lse agrees  hold in confidence the
techrical deta contained hersin. The foregaing shall nal apply 10 persons having proprietary rights 1 suoch tachnical dats 1o the exient thet such rights sriste.

E¥nmeriuivers Sieett0N? Babsess ShelAC fnlmm - AT 120 dm PRNTED: 425703 R17 4N




/ SINO-SWEARINGEN AIRCNK. .FT INC. FitNo. 230 +  ——
, Reg. No:

N138BF Serial No: 002 Observer: Date;
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/ SINO-SWEARINGEN AIRC:.. .FT INC. Fit No.
, Reg. No

: N138BF Sarlal No: 002 Observer: Date:
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! Modl; Fiight: 2=
SINO-SWEARINGEN Mods: g Fignt: 22
SerNo: 002  Cards:

Purpose of Flight:
Flutter Testing - [Report 30-2222)

—

Test Limitations / Hazards: Circult Breakers Ccllared:
See Attached TTAL Summary Non Ess Bus
Monitor Brake Temperatures L/R Ldg Light
TAKEOFF-500° F Cabln Readlng/Ovhd
MANUAL FUEL SYSTEM OPERATION FSB [/ No Smoke
FOR DIVERTER VALVE Emer Exit
6 PSID PRESSURIZATION VALVES INSTLD g:ﬂ:‘z';::h o
CABIN ALT WARN - 13840 FT+0/-1300 FT lce Detect Cont/ Pwr
AILERON CONTROLS MODIJFIED - Hor Stab
TRAVELS +16°/ -11°, L/R.Wing lce Pratection
FLIGHT CONTROLS BALANCE TO AFT LIMIT b’g f(l)\ll\mri’rotocﬂon
SPEEDBRAKES LIMITED TO % TRAVEL Rud Blas

AP Servos

L/R ACA Cmptr
Tost Specifics: Wx Rdr Cont/ Pwr

NOSE BOOM INSTALLED

EGRESS DOOR INSTALLED

TM ANTENNA INSTALLED

RAD ALT REMOVED

EMERGENCY DUMP VALVE INSTALLED
GURNEY FLAP INSTALLED

Standby statlc heat « disconnected

L/ RWAI Door Control Clrcult Breakers — IN
L/ R WAI Door Operational via WAl Switch/FTE Cntl

Stick shaker elevator servo & column pusher motor
= connectorsiwiring are capped/stowed

TCAS, Fit Phone, Tollet
Hot Cup 1 & 2, Comp Outlat
Entertain System

Total Pilot Side = 18
Total Copllot Side = 11

Tzkeoff Elight Crew
T0.6.wm Pilot Beeler
Co-Pilot/ FTE

T.0. N1 FTE/ QObssrver




SINO-SWEARINGEN  Flight:

Alrenaft Corp, Date: __

Reg No: N138BF Ser No: 002

i

| Test Purpose: PRE-START

Test Procedure:
INSTRUMENTATION: DISPLAYS ON & OPERATING
EGRESS DOOR: INSTALL AND LATCH
(COORDINATE WITH GRND CREW)
PIN ENGAGEMENT (6)
SYSTEM CONNECTIONS: SEAL & ELECTRICAL
SYSTEM CHECKS: OVERHEAD DOOR UNLOCK SW
-GUARDED / SAFE
ARM SWITCH ~ ON ILLUMINATED
OVERHEAD DUMP HANDLE: STOWED / UNPINNED
DEFLECTOR: EXTEND / UNPINNED
CYPRESS DEVICE: ATTACHED
PILOT EVENT: DEPRESSED (1 SEC)
TOD:

Run AS Alt Slats /
Flaps

Gear PowerSet Bloeds

Optlonal




SINO-SWEARINGEN Flight;
Alreraft Corp, Date:
Aeg No: N138BF SerNo: 002

2/

{ Test Purpose: FLIGHT CONTROL SWEEP

Test Procedure:

1) START THE RIGHT ENGINE _

2) CHECK COMS WITH CHASE / BASE AS REQUIRED

3) FOREACH AXES PERFORM A SLOW FLIGHT CONTROL ROLLOUT
4) SET STABILIZER TO 7 DEGREES

5) SELECT/VERIFY: PILOT AIR DATA REVERSION - NORMAL

Run A/S Alt Slats/  Gear PowerSet Bleeds Opticnal
' Flaps
1A AR Field EXT/10 EXT AR/AR %FFI
FF




SINO-SWEARINGEN Flight:

Alrcraft Com, Date: 3/ .
Reg No: NI38BF SerNo: 002

[ Test Purpose: FLAPS 10 TAKEOFF ]
Test Procedure;

1) TAXITO HOLD SHORT OF RUNWAY

2) PILOT TO CLEAR GROUND CREW FOR TRAILING CONE DEPLOYMENT
3) PERFORM A CROSS-START OF THE LEFT ENGINE,

4) SELECT/VERIFY: YAW DAMPER - ON

5) PERFORM A NORMAL FLAPS 10 TAKEOFF

NOTE: GROUND CREW VERIFIES TRAILING CONE REMAINS ON
AIRCRAFT. CROSS CHECK VSPEEDS AND POWER SETTING WITH
BASE.

Vi

VR

Va2

TON1

TAKEOFF TIME

Run A8 Alt Slats/ Gear PowerSet Bleeds Optlonal

Flaps
2A AR Fleld EXT/10 EXT TO/TO OFF/
, OFF




UNUDWEAKINGEN rign
Alrcraft Corp. Date:
teg No: N138BF SerNo: 002

{ Test Purpose: CHASE JOIN UP / TELEMETRY DATA CHECK

Test Procedure;

ENROUTE TO THE TEST AREA

1) SELECT/VERIFY: PILOT AIR DATA REVERSION TO | PILOTS TC ADC

N THE TEST AREA AT TEST ALTITUDE

1) CHECK COMMS BETWEEN ALL AIRCRAFT AND BASE
2) VERIFY TELEMETRY DATA RECEPTION

3) GROUND STATION TO VERIFY PROPER INSTRUMENTATION
OPERATICN

A/S Alt Slats/ Gear PowsrSet Bleeds
‘ Flaps
A AR AR RETR/ RETR TFLF/ AR/JAR
RETR TFLF




SINO-SWEARINGEN Flight:
Alreraft Corp. Date:
«tog No: N138BF SerNo: 002

| Test Purpose: FLUTTER TEST— 30-2222
Test Procedure:

1) SELECT/VERIFY: YAW DAMPER - OFF

2) TRIM FOR STRAIGHT LEVEL FLIGHT AT THE CONDITIONS NOTED
3} CROSS CHECK NOSEBOOM AIR DATAWITH COPILOT AIR DATA
4) FTE VERIFIES OK FOR TEST POINT

ELUTTER TEST

6) APPLY ELEVATOR CONTROL RAP, REPEAT OTHER DIRECTION
7) APPLY AILERON CONTROL RAP, REPEAT OTHER DIRECTION
8) APPLY A RUDDER KICK (LEFT OR RIGHT), REPEAT OTHER DIRECTION

-0} —RARIDLY-BEPLOY-EPEED BRAKEFULL{HOLD2-3-6EGOND S - RETRAGTF—

10) AT THE COMPLETION OF TEST DECEL TO PREVIQUSLY CLEARED
POINT, UNTIL FLUTTER COORDINATOR CLEARS TO NEXT TEST POINT.

NOTE: HIGH SPEED POINTS MAY REQUIRE A SHALLOW DIVE,
THE TOLERANCE BAND FOR THE TEST IS +/- 1000 FT.

NOTE: ON FTE CALL OR ADVERSE CHARACTERISTICS
PERFORM ABORT MANUEVER.

Run AlS Alt Slats/ Gear PowserSet Bloods
Flaps




SINO-SWEARINGEN Fgg:l::

Alrcraft Corp. 0/ i
Reg No: N138BF Ser No: 002
[Test Purpose: FLUTTER TEST POINTS ] ' .
Run AS Alt Slats/ Gear PowerSet Yaw
Flaps ) Damper
T 2PANNFE0g IR EA2K PR RET, TR CEMTELER OFFRNSIET

1-12  0.844 32k RETR RETR TFLF/TFLF  OFF Full Wing |

1-13  0.864 32k RETR RETR TFLFTFLF  OFF Full Wing |

1-14 _ 0.884 32k RETR___RETR_TFLF/TFLF OFF Full Wing

115 0.894 32k RETR RETR TFLFTFLF  OFF Full Wing

116 0.804/Mdlf 32k RETR RETR TFLFTFLF  OFF Full Wing |

v
(L td




SINO-SWEARINGEN Flight:
Alrcraft Corp. Date: 7.
Reg No: N138BF Ser No: 002
[ Test Purpose: FLUTTER TEST POINTS |
Run A'S Alt Slats/ Gear PowerSet  Yaw
Flaps Damper
44A 321 18k RETR RETR TFLF/TFLF  OFF Full Wing |

1-44 341 18k RETR_ RETR TFLF/TFLF

OFF

Full Wlng_

143 361 18k RETR___RETR TFLFAFLF OFF Full Wing |
1-48 371 18k RETR _ RETR TFLF/TFLF OFF Full Wing |
1-47 378 18k RETR  RETR TFLF/TFLF OFF Full Wing

v o il A el 0" S




SINO-SWEARINGEN ~ Fliat:

Alreraft Corp, ate: 8/
rteg No: N138BF Ser No: 002
[ Tost Purpose: FLUTTER TEST POINTS |
Run AlS Alt Slats/ Gear PowerSat Yaw

Flaps - Damper
(A 1928 SN B Y63 K RETRIARET R £ GF T E CRANS O R (ittt}

1-29 0.804 261k RETR RETR TFLF/TFLF  OFF Full Wing

VA0 TA g R ZCAR T e REY KA RE T ) E T T ECE L OF Ea LU

1-30 0.824 261k RETR RETR TFLFIFLF  OFF Full Wing |

1-31 0.844 281k RETR RETR TFLF/TFLF  OFF Full Wing |




SINO-SWEARINGEN  Fllght: |
/ Comp. Date: 9/12

. Alrcraft
Reg No: N138BF Ser No: 002

132 0.864 2681k RETR RETR TFLF/TFLF OFF Full Wing |

1-33 0.884 281k RETR RETR TFLFAFLF  OFF Full Wing

A AR 20T KT RETRAYGR

134 0894 26.1k RETR RETR TFLFIFLF  OFF Full Wing |

1-35 0.904/vdf 261k RETR RETR TFLFTFLF  OFF Full Wing




SINO-SWEARINGEN  Fiight
Alreralt Comp. Date: 10/
«log No: N138BF Ser No: 002

| Test Purpose: EXITING TEST AREA

Test Procedure:

EXITING TEST AREA

1) SYSTEM CHECKS: OVERHEAD DOOR -GUARDED / SAFE
ARM SWITCH - OFF

2) OVERHEAD DUMP HANDLE: STOWED /PINNED
3) DEFLECTOR: RETRACT / PINNED

4) SELECT/VERIFY: PILOT AIR DATA REVERSION - NORMAL

Run AlS Alt Slats ! Gear PowerSet Bleeds

Flaps
AR AR RETR/ RETR  TFLF/ AR/AR
RETR TFLF

[N Xy SRS | N e “w . ] :




SINU-SWEARINGEN Flight:

Alreraft Corp. Date: 11/
Reg No: N138BF SerNo: 002

| Tost Purpose: LANDING

Test Procedure:

1) ALERT BASE APPROXIMATELY 10 MINUTES BEFORE LANDING
2) CONDUCT ANORMAL FLAPS 31 LANDING

3) TAXITO END OF RUNWAY, TURN OFF, SHUTDOWN LEFT ENGINE
4) GROUND CREW TO SECURE TRAILING CONE

5) TAXITO RAMP; TURN ON GROUND POWER, SHUTDOWN THE RIGHT
ENGINE. MAINTAIN ELECTRICAL POWER FOR DATA SYSTEM.

VAP

VREF

LANDING TIME

Run A/S Alt Slatg / Goear PowerSet Bleads
Flaps

P
13Vs Field EXT/31 EXT AR/AR AR/AR
+5




SINO-SWEARINGEN  HAight _____

Alrcraft Carp, Date: 12/ ..
Reg No: N138BF Ser No: 002
[ Test Purpose: DISARM STALL CHUTE & BLAST DEFLECTOR ]

2) DOOR:

Test Procedure;

1) CYPRESS DEVICE - DISCONNECT

DISCONNECT SEAL & ELECTRICAL

DOOR: ROTATE HANDLE
(COORDINATE WITH GRND CREW)
Run AS Alt Slats! Gear PowerSet Bleeds
Flaps
- <160 »>5kft EXT/0 RETR TFLF OFF

LT

.
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Weight:

Load Factor:

Altitude:
Speeds:

Yaw:

Operation;

Pilot Forces:

Performance: Takeoff

Aircraft S/N 002
Temporary Test Aircraft Limitation Summary

TTAL No.
Maximum Takeoff

Maximum Landing
Clean

Flaps 10, 20, 31
Gear Operalion
Maximum
Vmo/Mmo

Vie{10, 20)
vie(31)

Vio/Vie 200 1225

Gear Operaling Function of Airspeed (See Altached) 6°at 200 knots
Gear Down/locked Function of Alrspeed {See Attached) 10.7° at 225 knots
VMC conditions ONLY, IMC Operation Prohibited

Takeoff / Atemnate akrports and enroute must meet VFR requirements or as
dictated by the PIC. -
Crosswind TO/Ldg 10 knots

Elevator:  200lbs  Monitor Forces where large sideslips, pitot control

AFM Limits
AFM Limits

0.0g to 2.0g (rimmed), 0 to 2.0g (mistrimmed)
0.0gte20g
1+ 0.259

AFM Limits

320 knots / 0.83 Mach
180
150

10,5560
8,55

a8 8'§ 8 oo~ G

Alleron: 851bs
Rudder: 225 Ibs

MTOW

TOFL

Speeds

1* Segment

3™ Segment Dist
MLW

LFL

Speeds

Brake Energy
Appr Grad (F10)
Balked Ldg Climb

Cabin Delta P
Wing Anti-lce
Engina Anti-lca
Autopitot Use
Flight Director
Rudder Bias
Stick Pusher
Landing Light

forces or g is expected.

Fiaps 10 Flaps 20 Prohibited
AFM ~ 250 Ibs R
AFM + 550 ft

AFM+5

AFM—0.5%

AFM+ 0.9 NM

AFM —200 Ibs

AFM +275ft

AFM+5 . ’

(Hp<2XRt) AFM +0.55 Million / {2keHp<dicft)+1.8 Million
AFM—05%

AFM—20%

6Psid 6 Psid Valves Installed
Prohibited

Prohibited

Prohibited

Restricted {Uncoupled)
Prohbited

Prohibited

Prohibiled

No Flight Into known heavy hurbulence or forecasted greater than moderate
No Flight Into known lcing

No Full or Rapid Control Elevator Reversals (Exception Flutter)

No intentional engine manual reversions in flight above idle,

Takeoffs / Landing Gear Retraction prohibited when Brake Temps > 500°F
Repeated Accel-Slops require to allow the entire brake assembly to cool to
less than 100°F as noted by instrumentation or handheld braka temp devica
Landing Gear Warning Tone Is disabled for Flaps less than landing

Alleron Trim restricted to 20% and 80% of DAU indications (~ 20% remaining)
Standby Static Source Heat Disconnected, Standby Pitot-Static Instruments
may be affected in icing conditions

Singte Glldesope use Localizer Only Minimums, Duat Glideslopes tuned and
monitored can use normal published minimas

These limitations superseds those contained with the Preliminary AFM until lifted as detaied in
Engineering Procedures EP-008. For limitations not listed refer to the Preliminary AFM,

" CO2TTALSumC.doc 03/26/03
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SINO-SWEARINGEN AIRCRAFT CO.
AIRPLANE LOADING MANIFEST

AIRCRAFT S/N:002 S/N: N138BF

FLT No.: DATE: REV: D
Hem Description Weight Fus. Sta. C.G, Comments Moment
b in % Mac _ b-in/1000
Basic Emply Welght 8111 350.92 34.99 BEW detarmined FTWO 02-5162 3197
Occupant
Piot 210 186.5 CB-210, CW- 165, MS - 195, SH - 190, JB - 170,! 39
Test Conductor / Co-Pllot 188.5
Flight Test Analysis 2750
Second Observer 0 2221 Two Locations Possible FS 221.2 or FS 293 0
Cockpit
Parachuies 16.5 193 Parachutes 1651bs fea 3
SeatCushions 0 198 Each Cushion 1.5Ibs/ea 0
Main Cabin
Repositionable Ballast Box 0 238.8 Location can vary from FS 205- 349 @ 95 tbs 0
Ballast 0 236.8 Add 8 Ibs for Rack when total Ballast+Rack>450 Ibe 0
AR Baggage Compartment
Ballast 280 4272 Maximum Weight - 440 1bs f ea. rack 120
Ballast Rack (2) 118 4260 AR Racks-59Ibsea
Other . i
0 0.0 Add 9,223 kribs f 1000 for Gear 0
0 0.0 Retracted Moment Calculation 0
Unusable Fuel, Ih
" Unusabla Fuel, Ib Included in BEW Build Up
i [ ZERO FUEL WEIGHT (MAX 10,100 LB). 5735 3502 33.65 3409]
; Fuet, b
; Fuel Quantity 3500 3447 Max =458 gal, 3068 1b 12085
[ RAMP WEIGHT (MAX 13,600LB): 13235 3488 31.48 4616]
Loading Summary Wheel Loading Reactions
. Total Occupant Load (LB): 210 Ibs Nose  Main
: Total Fuel Load (LB): 3500 Ibs §51 12285

F.light Test

B
SA Y

Total Payload (LB): 298 fbs
Ramp C.G. (*%4MAC): 31.48

Checked / Approved by
Flight Crew Member

T.0. C.G. Limits: Fwd = 18.44, At=34.85

Approved by
Manager Test Operations
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N N s 10s AIRCRAFT
RELEASE FORM DATE:  APR 28, 2003

A/C TYPE: SWEARINGEN SJ130-2 ACSIN: 002 REG.NO. N138BF

REFERENCF LASTEST SSAC APPROVED “AIRCRAFT INSPECTION i RELEASE AUTHORIZATION” DOCUMENT

FOR LISTING OF AUTHORIZED PERSONNEL TO RELEASE THIS AIRCRAFT

1. AIRCRAFT PREFLIGHT:

THIS NRCRAFT KAS BEEN INSPECTED IN ACCORDANCE WITH THE LATEST FAA APPROVED VERSION OF SSAZ INSPECTION
PROCEDURES "QANSPECTION-£00". BASED ON THE FLIGHT PLAN FLED [VIR, VIR NIGHT, OR IFRL THE APPLICABLE
SPECI-'EDHFAR“!MMEOPERATWL

2. CONFIGURATION/MAINTENANCE:

THIS AIRCRAFT WAS BALLASTED AND FUELED IN ACCORDANCE WITH FTwo No. __ 2-5227
FTWOs ISSUED SINCE LAST GROUNDVFLIGHT TEST HAVE BEEN CLOSED WITH THE EXCEPTION OF THE FOLLOWING:

LEAD FLT TEBT GRCKJND DPS

3.INSTRUMENTATION:

INSTRUMENTATION SYSTEM FUNCTIONALICALIERATION CHECKS HAVE BEEN ACCOMPLISHED IN ACCORDANCE WITH
APPROPRIATE FTWO[S] ANTVOR SSAC REPORTS AND IS SATISFACTORY

ADOITIONAL REMARXS: L e e
. L - . ——

> 7 Camt -

, INSTRUMENTATION

5. AIRCRAFT ACCEPTANCE:

1 HAVE REVIEWED THE CONFIGURATION CHANGES [FTWOs] THAT WERE MADE TO THIS AIRCRAFT SINCE THE LAST TEST
AND ACCEPT THE AIRCRAFT FOR THE SPECIFIED GROUND AND/OR FLIGHT TEST.

PRLOTIN-COMMAMND

PROPRIETARY STATEMENT

Thees Wchnice deta daciosed hersin e the eckusive ropurty of the £int Beeargen Arcrsft Corporation (S83AC) and contain propristary rights of othars and efe et 1o
be unad, duplicrind, or dlecicesd 1 cthers end are for SSAG intemal use cnly. Thi Tecipient of this doczamant, by s relention and use agrees 1 hoid In caorfidence the

fechnical daty contsined harein. The foregoing shall nat mpply 10 persone heving propristery rights o such techriost dete 1o the sdent that such rights sdete,

S tmstiiolesss FhantiON2 Belnnse SLAAL foloacs - LT 711.dea PRINTED: &TRTILIEPM

A



/ SINO-SWEARINGEN AIRCRAFT CO.

AIRPLANE LOADING MANIFEST
AIRCRAFT S/N:002 S/N: N338BF

FLT No.: DATE: REV: D
ttem Description Welgm Fus Sta. CG. Comments Moment

in % Mac _ -in/1000
Basic Emply Weight 9111 350.82 3499 BEW determined FTWO 025162 3197

ant
Pilet 210 186.5 CB-210,CW-165, MS-185,SH-190,J8-170,1 39

Test Conductor / Co-Pilot 186.5
Flight Test Analysis 2750

Second Observer 0 2221 Two Locations Possible FS 221.2 or FS 293 0

Cockpi
Parachutes 165 198 Parachutes 16.5hs/ea 3
Seat Cushlons 0 198 EachCushion1.5®bs/ea ’ 1]

Main Cabln
Repositionable Ballast Box o 236.8 Location can vary from FS 205- 349 @ 95 1bs 0
Baflast O 2388 Add 6 Ibs for Rack when total Baflast+Rack>450 1bs 0
ARB =) n
Baltast 280 4272 Maximum Weight - 440 Ibs / ea. rack 120
Ballast Rack (2) 118 426.0 AR Racks-591bsea 50
Other N ’
Q 00 Add 9,223 In1bs 1 1000 for Gear 0
0 0.0 Retracted Moment Calcutation 0
Unusable Fuel, Ib
“Unusable Fuel, Ib Included in BEW Buid Up

{ ZERO FUEL WEIGHT (MAX 10,100LB): 9735 3502 3385 3409]

Fuel b
Fuel Quantity 3500 3447 Max=458gal, 3066 b 1208.5
[ RAMPWEIGHT (MAX 13,6001B): 13235 3488 _ 31.48 4616)

Loading Summary Whes! Loading Reactions
Total Occupant Load (LB): 210 Ibs Noss  Main
Total Fuel Load (LB): 3500 s 931 122858
Total Payload (18): 398 Ibs ,
Ramp C.G. {%MAC): 31.48 T.0. C.G. Limits: Fwd = 18.44, Aft=34.85
Checked / Approved by Appmved by

Fligh Crew Member Manager Test Operation
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SSAC SJ30-2 Flight 231: Post Flight Briefing April 26, 2003
Location: SSAC Flight Test Conference Room & SSAC TM Team In Rocksprings, TX

Jime: 11:30 - 12200 CST

Aftendees:

Luca Ciceolari Micaldi, Johnny Doo, Ed Swearingen, Doug Gore, Michael Cavanaugh, Chuck Walls,
Chuck Thomton, Tom Boardman, Victor Holmes, David Schweitzer (TM Team), Pat Carvel (TM
Team), Peter Jennings (TM Team), Joe Zhao (TM Team).

The airplane was flying a mission to fulfill the requirements of SSAC Report 30-2222, “Flight Flutter
Certification Test Plan for SSAC Aircraft Model SJ30-2",

Aircraft loading information, test [imitations, test procedures, test conditions were per the test card
for Flight 231, dated 4/26/03. The test aircraft was SN002 and the test pilot (and sole occupant)
was Carroll Beeler. The following are the minutes of the post flight briefing conducted at the
location and time indicated above.

1* test point (No. 14A M= .874)

TM Crew: test aircraft accelerated to target speed and, when on-condition, pilot input elevator,
alleron and rudder in succession, as required;

test aircraft was cleared to the next test point;
Chase: crew noticed nothing unusual around the test airplane.
2™ test point (No. 1-14, Map= .884)
Test pilot: rumble at .865Mwo;

TM Crew: lest aircraft accelerated to target speed and, when on-condition, pilot input elevator,
aileron and rudder in succession, as required;

wing showed Mach buffet; excitation decays looked OK;
test aircrafl was cleared to the next test point;
pilot reported that full left aileron trim was required for this point;

no forces are available on the TM stream, but pilot had to hold additional aiteron, on top
of full aileron trim, to maintain wings level.

Chase: crew noliced nothing unusual around the test airplane, except that it was in a
noticeable, yet controlled, right angle of bank before the event precipitated,

At the time of this debriefing, it was not clear what had happened after the airplane had been
cleared to proceed to the next test point (Mpp= .884). Data from the TM will possibly reveal what
happened then, i.e. whether the airplane accelerated towards the next test point or decelerated to
re-enter the racetrack pattern in preparation for the next test point.

The test pilot then was heard on the radio saying, “The aircraft is rolling, | can't stop it” and the crew
aboard the chase noticed that the airplane was in what appeared to be an uncontrollable, right-
wing-down roll.

The chase crew followed the test aircraft until it impacled the terrain, exploded and caught on fire,
In their assessment, the test pilot had not abandoned the aircraft prior 10 its impact with the ground.
The estimated crash site was 28° 49’ N and 101° W.

The TM crew informed that a total of 24 parameters were transmitled from the aircraft to the ground
station, among which are all control surface positions (excepl aileron), airspeed, Mach, altitude and
accelerometer data. The data transmitted 1o the ground station was subsequently copied to hard
drive for post-processing.




5-17-2004

Subject: Activities incorporated since accident

Dear Paul Cox,

Hello Paul,

Thank you for your expedient support to finalize the NTSB report.

As per you request I have listed below a number of activities that have been implemented
at SSAC after the loss of aircraft 002. Those activities followed by an “*” indicate they

were underway before the accident.

If you have any questions please feel free to call myself or Bob Homan.




Manpower

1.

2

Hired additional test pilots and flight test engineers all having past business jet
certification experience.*

All Pilots and FTE’s have been given in-flight training in “recovery from unusual
attitudes™.

Retained the services of some industry recognized experts in the field of
aerodynamics, stability and flutter to review the accident flight (Dr. William
Rodden, Dr. Sam Mclntosh and Ian Gilchrist)

. Revicwed all flight test reports for safety and required duration by outside expert

consultants. (Pete Reynolds and John Ligon)*
Continued to build a unified team of cross functional employees that make up the
flight test department.*

Equipment

1.

Purchased new telemetry van and telemetry equipment to replace the equipment
lost. Enhancements of the new equipment have an antenna system that allows 360
degree tracking in any pattern. The dual transmitter system allows the data to be
received at any attitude. In addition we have full data channel capacity to the
ground with four stations. A hot audio mike from the aircraft is embedded in the
data transmission. The new system transmits all measurements (1120 parameters)
at full range that are being recorded on board the aircraft.

Critical flights such as the high speed flutter dive test are planned at Mojave that
specializes in these types of tests and provides all the necessary air space and
equipment.

Alrcraft

W

S

Completed high speed wind tunnel testing.

Relocated the speed brakes outboard to reduce undesirable pitch effects.

Added wing Vortex Generators (VGs) to push back mach buffeting and improve
lateral stability at high Mach.

Added flat-bottom/blunt trailing edge ailerons for roll authority enhancement -
particularly at high Mach.

Added a deceferation parachute for the high speed flutter test.

A roll spoiler control system is under development for consideration to be fitted to
the flight test aircraft for additional roll control enhancement.



Processes

1. Safety Review Board procedures were reviewed to ensure the chairman and
members clearly understand their role and authority.

2. Hired additional experienced safety review board members to assure all flight test
briefings are attended.*

3. High speed dive flutter flight test is reached by stepping up gradually with
increased speed and altitude while comparing actual data received to the high
speed wing tunnel data.

4. All flights considered critical will have two pilots on board.

5. All flight test plans requiring .83 mach or above must be approved by the

agrodynamics group prior to the flight.
L]



Vehicle Performance Group Factual

I. Accident

NTSB #:
Location:
Date:
Time:
Aircraft:
Operator:

IL. Group

Chairman:

Member:

Member:

Member:

Member:

" Deputy Vice President, Engineering

National Transportation Safety Board
Office of Research and Engineering
Washington, DC 20594

June 17, 2004
IADO3MAO049
North of Del Rio, Texas
April 26, 2003

Approximately 1005 Local Time (CDT)
Sino Swearingen SJ30-2, N138BF
Sino Swearingen Aircraft Company (SSAC)

Charles Pereira

Senior Aerospace Engineer
NTSB, RE-60

490 L’Enfant Plaza East, SW
Washington, DC 20594

Kevin J. Renze, Ph.D.
Senior Aerospace Engineer
NTSB, RE-60

490 L’Enfant Plaza East, SW
Washington, DC 20594

Gianricardo Frollo

Flight Test Engineer

FAA, ASW-170

2601 Meacham Boulevard, Room 448
Fort Worth, TX 76137

David Wells

Lead Engineer, Flight Test Instrumentation |
1770 Sky Place Boulevard -
San Antonio, TX 78126-2879

Johnny T. Doo
Senior Manager, Performance and Technology

1770 Sky Place Boulevard
San Antonio, TX 78126-2879



I11. Summary

On April 26, 2003 at approximately 1005 CDT, a Sino Swearingen SI30-2, N138BF, was
destroyed when it impacted terrain north of Del Rio, Texas. The certificated airline transport
pilot was fatally injured. Visual meteorological conditions prevailed and an instrument flight
rules flight plan was filed. The experimental test flight was conducted under 14 CFR Part 91,
The accident airplane and the accompanying T-38 chase plane (shown in Figure 1) departed San
Antonio International Airport (SAT), San Antonio, Texas, at approximately 0911 to conduct
high speed flight flutter testing north of De! Rio, Texas.

O Y Aoy
L.
ﬁ.q TE posima- 2

Figure 1: SJ30-2 (N138BF) and Northrop T-38 (N638TC) preparing for flight 231 on the
morning of the accident.

IV. On Scene Documentation

The Airplane Performance Group (APG) initially convened at the Sino Swearingen Aircraft
Company (SSAC) facility in San Antonio, Texas on April 27. The APG reviewed investigative
policies and procedures, the SJ30-2 aircraft general armangement and flight control systems, the
$J30-2 flight test program, and available accident information. The APG commuted to Del Rio,
Texas on the night of April 27 and arrived at the accident site on April 28.

The APG assisted the Structures Group with the organization and conduct of the accident site
survey (see Structures Group Chairman’s Factual Report). The accident site was located on the
top of a rocky hill at coordinates North 29° 52.335°, West 100° 57.721°, at an elevation of 1741
feet (per Garmin handheld GPS values). The airplane impacted a large, flat area of rock, and
penetrated the rock about 2 to 3 feet deep at the center, with less penetration outboard of the
center. The width of the crater was about 31 feet and appeared to resemble a wingtip to wingtip
impression of the airplane, with nearly symmetrical tapering of the crater from the middle
outboard to each end.

There were no tree strikes prior to the initial impact, nor was there sufficient penetration of the
rock to establish flight path angle or airplane attitude at impact. Figure 2 documents locations of
significant wreckage debris and Figures 3 and 4 present photographic evidence of the impact
site,

2
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Figure 2: Location of main portions of wreckage distribution. See the Structures Group
Chairman’'s Factual Report, Attachment A for identifier definitions.

Impact Cratér _

Figure 3: View of impact crater. Note light colored (white) crushed rock near center of picture.
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Figure 4: View of center of impact crater.

Distribution of the wreckage around the crater did not show any obvious direction of travel or
horizontal velocity, although there appeared to be considerably more wreckage east and north of
the crater than south and west. Witnesses in the T-38 chase plane stated that the airplane
maintained approximately the same ground track from initiation of the event to impact with
terrain.

The airplane wreckage was severely fragmented. However, portions of all flight control surfaces,
the Gumey flap, and most other significant systems and structures were located at the accident
site, consistent with the airplane being intact at impact.

The airplane was equipped with a flight test instrumentation package that provided onboard
recording of several hundred parameters at 100 and 300 Hz sample rates, and telemetry of 27
parameters at a 300 Hz sample rate. The onboard data were recorded on two Seagate Barracuda
PC hard drives that were not designed to provide crashworthiness, nor were they required or
recommended to be crashworthy by the FAA. Two additional PC hard drives were on the
airplane at the time of the accident, the first a Seagate Barracuda and the second a laptop drive,
neither of which were recording data,

Two of the three Seagate hard drives were recovered from the accident site. However, it was not
known which of the three PC systems these hard drives were from because they were severely
damaged and separated from their cases. The two recovered hard drives were returned to the
NTSB Vehicle Recorder Lab (RE-40) for review. Upon consultation with RE-40 and industry
hard drive recovery experts, it was determined that the data were not recoverable due to the
extensive damage to the drives. Figures 5 and 6 document the general condition of the remnants
of the hard drives and their cases:

4
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One of two hard drive remnants found. Note stamping impact damage and bends.

Figure 5
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Figure 6: Computer case and hard drive remnants (one of several pieces).

National Transportation Safety Board




V. Weather Data

Surface weather observations recorded near Del Rio, Texas at 0953 LST on the day of the
accident indicated winds were 140° true at 13 knots, visibility was 10 statue miles with clear
skies, the temperature was 25 °C, the dew point was 12 °C, and the altimeter was 29.88 inches of
Hg. Upper air atmospheric characteristics measured via radiosonde observation (a balloon-bome
instrument platform with radio transmitting capabilities) from the Del Rio (DRT) station are
summarized in Table 1 below.

Table I: Del Rio, Texas upper air sounding data (12Z on 26 April 2003).

PRES HGHT TEMP DWPT  RELH MIXR DRCT SKNT THTA THTE  THTV

hPa m c c % g/kg deg knot K K K
1000.0 76
973.0 313 16.8 9.8 63 7.87 170 4 292.2 315.0 293.6
925.0 751 20.2 7.2 43 6.9 174 6 300.0 3220.8 301.2
917.0 B26 20.4 7.4 43 7.09 175 7 300.9 322.2 302.2
900.0 987 19.2 7.2 46 7.13 177 B 301.3 322.8 302.6
289.0 1093 18.4 16.1 g6 13.11 178 8 301.5 340.4 303.9
B79.0 1191 18.4 10.4 60 9.08 179 9 3p2.5 329.8 304.1
850.0 1478 17.2 6.2 48 7.04 181 10 304.1 325.6 305.4
815.5 1829 15.7 1.2 37 5.13 185 12 306.2 322.2 307.1
7186.6 2134 14.4 -3.2 29 3.85 205 11 308.0 320.2 308.7
765.0 2370 13.4 -6.6 24 3.06 228 13 309.3 319.3 309.9
758.7 2438 12.8 -7.2 24 2.95 235 13 309.4 319.1 310.0
731.4 2743 10.3 -9.7 23 2.51 260 12 309.9 318.1 310.4
705.0 3048 7.7 -12.3 23 2.12 295 12 310.3 317.4 310.7
700.0 3107 7.2 =-12.8 23 2.05 295 12 310.4 317.2 310.8
618.0 4115 -1.1 -14.1 37 2.09 264 16 312.1 319.1 312.6
583.2 4572 -3.7 =-20.7 25 1,27 250 18 314.4 318.8 314.6
S6l1.1 4877 -5.4 =-25.0 20 0.90 265 15 315.8 319.0 316.0
550.0 5034 -6.3 =-27.3 17 0.75 291 13 316.6 319.2 316.7
$39.6 5182 -7.5 =27.5 18 0.74 315 12 316.8 319.5 316.9
518.7 5486 -10.1 -28.0 22 0.74 330 12 317.3 320.0 317.4
s00.0 5770 =-12.5 =28.5 25 0.73 305 13 317.7 320.4 2317.9
498.6 5791 -12.7 -28.6 25 0.73 300 13 317.8 320.4 317.9
478.6 €096 -15.2 =-30.8 25 0.62 295 16 318.4 320.7 2318.5
459.3 6401 -17.8 =33.0 25 0.52 310 17 31%.0 320.9 319.1
423.2 7010 -22.8 -37.3 25 0.37 270 15 320.1 321.4 320.1
406.2 7315 =25.3 =38.5 25 0.31 290 14 320.6 321.7 320.6
400.0 7430 -26.3 -40.3 26 0.29 290 14 320.7 321.8 320.8
389.3 7620 -27.7 -41.6 25 0.26 275 17 2321.4 322.4 321.4
372.8 7925 =29.9 =43.7 25 0.21 255 22 322.4 323.3 322.5
313.4 9144 -~-38.9 =52.0 24 0.10 280 19 326.4 326.8B 326.4
300.0 9450 -41.1 -S54.1 23 0.08 280 19 327.3 327.7 327.3
286.6 9754 -43.5 -55.8 25 0.07 285 21 328.2 328.5 328.2
250.0 10660 =-50.7 =-60.7 30 0.04 280 21 330.6 330.8 330.6
249.7 10668 -50.8 =-60.8 29 0.04 280 21 330.6 330.8 330.6
239.0 10953 -52.9 -62.9 29 0.03 282 21 331.5 331.7 331.5
200.0 12090 -59.3 -68.3 30 0.02 290 22 338.7 233B.8 338.7
156.7 12192 -60.0 -68.8 30 0.02 290 23 339.2 339.3 339.2
187.3 12497 -62.0 -70.5 i1 0.02 275 22 340.8 340.9 340.8
175.0 12916 =-64.7 =72.7 32 ¢.01 285 22 343.0 343.0 343.0
169.6 13106 -65.3 -73.3 32 0.01 250 22 345.1 345.1 345.1
161.3 13411 -66.3 -74.3 32 0.01 260 11 248.4 348.5 348.4
153.3 13716 -67.3 -75.3 31 0.01 285 17 351.8 351.8 351.8
150.0 13850 =-67.7 =75.7 1 0.01 280 16 353.3 353.3 353.3
145.8 14021 -67.8 =-75.8 31 0.01 265 15 355.9 355.9 1355.9
139.0 14308 =-68.1 =76.1 k) 0.01 270 16 360.3 360.4 360.3
6
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125.2 14935 -67.2
120.0 15192 -66.9

Table 1 (Continued):

=-15.2
-74.9

DRT station information and sounding indices
Staticn identifier:

Station number:

Cbservation time:

Station latitude:

Station longitude:

Station elevation:

Showalter index:

Lifted index:

LIFT computed using virtual temperature:
SWEAT index:

K index:

Cross totals index:

Vertical totals index:

Totals totals index:

Convective Available Potential Energy:

CAPE using virtual temperature:

Convective Inhibition:

CINS using virtual temperature:

Bulk Richardsen Number:

Bulk Richardson Number using CAPV:

Temp [K] of the Lifted Condensation Level:
Pres [hPa] of the Lifted Condensation Level:
Mean mixed layer potential temperature:
Mean mixed layer mixing ratio:

1000 hPa to 500 hPa thickness:

Precipitable water [mm] for entire sounding:

V1. Radar Data

18

DRT
72261
030426/1200
29.36
-100.91
313.0
0.99
4.97
4.78
107.76
15.30

5694.00
19.7¢

372.8 372.8 372.8
378.0 378.1 378.0

Radar data for the accident flight were obtained in electronic format from the 5 independent sites
documented in Table 2. The United States Air Force 84® Radar Evaluation Squadron provided
the RADES data, which included latitude, longitude, time, range, azimuth, beacon code, primary
altitude, and reinforced altitude information. Short range radar data were supplied by Laughlin
radar approach contro! (RAPCON). The RAPCON data included time, range, azimuth, beacon
code, and reinforced altitude parameters. The map in Figure 7 depicts the radar site locations, the
N138BF ground track based on the RSG ARSR-4 data, and the accident site location.

Table 2: Radar data sources.

Identifier | Location

Type

Latitude

Longitude

Seconds/
Sweep

KMN King Mountain,

TX

ARSR-4

N3117°
06.700”

w102 16’
22.400"

12

RSG Rocksprings, TX | ARSR4

N30 02°
47.700”

w100 16’
04.300”

12

Eagle Pass, TX ATS

N28 23°
06.924”

w10017°
08.875"

12

Oilton, TX ARSR4

N27 29’
55.900”

W098 58’
08.500”

12

Laughlin AFB, TX | ASR

N2921”
06.37

W100 48’
19.82”

4.5

7
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Figure 7; Radar site locations, N138BF ground track based on RSG ARSR-4 data, and the accident site location.
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VIL Telemetry Data

N138BF was instrumented with and designed to communicate 27 critical flight flutter test
parameters at 300 samples per second to a ground station via telemetry. Nineteen of the 27
channels were dedicated to accelerometer measurements with the remaining 8 parameters
allocated to aircraft flight conditions, control surface positions, attitude, and fuel load. Table 3
identifies the telemetry parameters available from flight 231. Approximately 3 minutes of
telemetry data were provided to the APG in electronic format.

Table 3: N138BF telemetry parameters.

Parameter

Description

ICAS CONE

ICONE Calibrated Airspeed (200 to 400 KTS)

ALT CONE

ICONE Pressure Altitude (10,000 to 50,000 FT)

MACH

dicated Mach (0.4 to 1.0)

TOTAL FUEL

Total Fuel (0 to 5000 1b)

MAG HDNG

Magnetic Heading (0° to 360°)

FWD FUS VRT AC

Fwd Fuselage Vert Accel. {g's)

FWD FUS LAT AC

wd Fuselage Lat Accel. (g's)
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VIIL SJ30-2 Model

The Sino Swearingen S$J30-2 is a 7 seat (1 pilot, up to 6 passengers), twin engine, light business
jet with a design range of 2500 NM at a long range cruise Mach number of 0.78. At the time of
the N138BF flight test accident, the SJ30-2 had not completed Federal Aviation Administration
(FAA) certification testing. Three view drawings of the S130-2 are presented in Figures 8
through 10.

Figure 8: SJ30-2 top view.
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Figure 9: SJ30-2 front view.

Figure 10: SJ30-2 side view.
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I11. Summary

On April 26, 2003 at approximately 1005 CDT, a Sino Swearingen SJ30-2, N138BF, was
destroyed when it impacted terrain north of Del Rio, Texas. The certificated airline transport
pilot was fatally injured. Visual meteorological conditions prevailed and an instrument flight
rules flight plan was filed. The experimental test flight was conducted under 14 CFR Part 91.
The accident airplane and the accompanying T-38 chase plane departed San Antonio Inter-
national Airport (SAT), San Antonio, Texas, at approximately 0911 to conduct high speed flight
flutter testing north of Del Rio, Texas.

The flight 231 radar and telemetry data, N138BF lateral control and lateral trim documentation,
and limited SJ30-2 transonic wind tunnel test results were analyzed. The data indicated that
N138BF exhibited symptoms of lateral asymmetry during the 8J30-2 flight test program and
reduced lateral control at Mach numbers above 0.86. The airframe lateral asymmetry was
addressed in part by the introduction of a Gumney flap. Although lateral control authority was
available within the design flight envelope, N138BF consistently required left wing down trim at
speeds above 250 KCAS in zero sideslip conditions.

The loss of lateral control during high speed flutter flight testing was manifest in the form of a
continuous, right wing down, descending roll. Post-accident transonic wind tunnel test data
indicated that, at the accident flight condition, N138BF had negative lateral stability and
significantly reduced aileron effectiveness due to shock-induced separation. The airplane was not
able to generate enough aileron roll authority to balance the residual rolling moment coupled
with the adverse rolling moment due to a 2° to 3° sideslip. Recovery from the lateral control
upset would most likely have been accomplished by reducing speed (e.g., throttles to idle,
speedbrake deployment) below Mach 0.84.

IV. Abbreviations
AND airplane nose down
ANU airplane nose up
ARA Aircraft Research Association Limited, Bedford, England
ARSR-4 air route surveillance radar, model 4
ASR airport surveillance radar
CDT central daylight time
CFD computational fluid dynamics
CFR Code of Federal Regulations
DATCOM  USAF stability and control data compendium
DER designated engineering representative
DLF Laughlin Air Force Base, ASR
ECU Edwards County Airport
EGP Eagle Pass
KCAS calibrated airspeed, knots
KMN King Mountain, ARSR-4
LH left hand
LWD left wing down
OTL Oilton, ARSR-4
2
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RH right hand

RSG Rocksprings, ARSR-4

RWD right wing down

SAT San Antonio International Airport
SRB safety review board

SSAC Sino Swearingen Aircraft Corporation
TED trailing edge down

TEL trailing edge left

TER trailing edge right

TEU trailing edge up

TTAL temporary test aircraft limitation
USAF United States Air Force

UWAL University of Washington Aeronautical Laboratory, Seattle, Washington

V. Nomenclature

M Mach number

Mpr maximum demonstrated flight Mach number
Muo maximum operating Mach number

Vo maximum demonstrated flight airspeed

Vmo maximum operating airspeed

¥Y1. Radar Data

The long range and short range radar data identified in the Vehicle Performance Factual Report
were processed to determine aircraft latitude, longitude, altitude, rate of climb, and groundspeed
as a function of time. The radar sites, accident site, and the accident and chase aircraft ground
track data were superimposed on the map presented in Figure 1. The long range N138BF radar
data are depicted by small blue, green, yellow, or red circular symbols, according to radar site
source. The short range radar data are illustrated by the large blue, green, and red circular
symbols. The data indicate that N138BF was on a course from west to east about 35 miles north
of Del Rio, Texas at an altitude of 30,500 feet when the accident occurred.

A close up view of the accident site and the short range radar data is presented in Figure 2. The
accident aircraft ground track is depicted by the larpe blue symbols, whereas the large green and
red symbols denote the chase plane ground track. According to SSAC, N138BF was squawking
beacon code 4761 during the flight test and N638TC was flying chase. As such, N638TC was the
second aircraft in a flight of 2 aircraft and was not squawking an independent transponder code.

Subsequent to the accident, N638TC assumed the flight test transponder code and began
squawking beacon code 4761. This fact is confirmed by the radar data documented in Figure 2 as
the ground track transitions from N138BF squawking 4761 (large blue symbols), to only primary
returns near the time of the accident (large green symbols), to N638TC squawking 4761 (large
red symbols). :
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VIL Flight 231 Telemetry Data

The SSAC flutter test plan' required a Designated Engineering Representative (DER) to monitor
the SJ30-2 airframe and control surface responses to control input excitations, or pulses, in real
time. To meet this requirement, N138BF was instrumented with and designed to communicate
27 critical flight flutter test pammeters at 300 samples per second to a ground station van via
telemetry The telemetry data’ for the last 3 minutes of flight 231 were transcribed from binary to
engineering units by SSAC and provided to the NTSB.

A. Overview

The telemetry data included the airplane flight condition (altitude, airspeed, Mach number);
magnetic heading; control surface positions for the elevator, rudder, and ventral rudder; fuel
weight; and 19 accelerometer parameters requested to support the flutter certification testing.
Parameters of interest that were recorded but unrecoverable® included the accelerations near the
airplane center of gravity; angle of attack and sideslip angle; roll and pitch attitude; aileron
surface, speedbrake, slat, flap, and gear positions; engine parameters; control input positions; and
column, wheel, and pedal forces.

A subset of the flight 231 telemetry data are attached in Appendices A through C. Each appendix
contains 10 plots in which a series of parameters (individual vertical axes) were plotted as a
function of time on a common horizontal axis. The first plot (e.g., Figure A.0) provides an
overview of 3 minutes of data. The remaining 9 plots (e.g., Figures A.1 through A.9) present 20
second, sequential snapshots of the respective overview plot timeline. Telemetry flight condition,
control surface, and attitude data are shown in Appendix A with calculated airspeed, ground
speed, flight path angle, and sideslip angle data. The short range radar-based pressure altitude
data were also compared to the telemetry data in Appendix A. Longitudinal and lateral axis
accelerometer telemetry data from several aircraft locations were included in Appendix B with
flight condition and attitude data. Similarly, vertical axis accelerometer telemetry data from
several aircraft locations appear in Appendix C.

No significant telemetry data dropouts occurred prior to the lateral upset event. However, the
recorded telemetry data contained a large number of data dropouts subsequent to the lateral upset
event, which were attributed to the masking of the onboard antenna as the aircraft rolled, causing
periods of telemetry sync loss between N138BF and the ground station van located at Edwards
County An'port (ECU) near Rocksprings, Texas. The majority of these data dmpouts were
removed in the plots presented in Appendices A through C. Timeline discontinuities or “gaps” in
the telemetry data should be interpreted as data dropout regions. For example, a 3.8 second data
dropout region exists from time 263.9 to 267.7.

! Flight Flutter Certification Test Plan for SSAC Aircraft Model $130-2, Report 30-2222, Rev. A.
2 A control surface pulse (e.g., elevator, aileron, or rudder pulse) refers to a pllot commanded, smgle step control
mput of short duration and small deflection, intended to provide excitation via control surface motion.

3 Telemetry data parameter definitions are documented in the associated Vehicle Performance Factual Report.
4 N138BF was also equipped with a flight test instrumentation package that provided onboard recording of several
hundred parameters at 100 and 300 Hz sample rates. However, these onboard data were not recoverable due to
extensive damage to the associated PC system hard drives.
$ The algorithm used to remove data dropouts is not guaranteed to discard al! potential dropouts.
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The telemetry parameter scale limits were met or exceeded for three parameters defined in the
Vehicle Performance Factual Report. As depicted in Figure A 8, the calibrated airspeed reached
a plateau at its maximum threshold value (400 knots) by 268 seconds, about 27 seconds prior to
the end of data. Similarly, the indicated Mach number maximum threshold value (Mach 1.0) was
maintained between 272.9 and 278.3 seconds. As Figure A.9 illustrates, the telemetry pressure
altitude bottomed at its minimum threshold value (10,000 feet) about 4 seconds prior to the end

of data.

B. Accident Event Timeline

The events noted on the plots in Appendices A through C were based in part on the accident
event timeline presented in the SSAC document, “S/N 002 Accident Investigation Final Report:
Lateral Instability Theory,” dated August 1, 2003. The events listed in Table 1 consist of
N138BF flight conditions, control inputs, airplane responses, pilot communication, or witness
statements of interest.

Table 1: Flight 231 Telemetry Data Events

Time Event Description
(Seconds)
193 Aircraft reaches Mach 0.86.
194 Accelerometers begin to record noticeably hicher amplitude oscillations.
202 Aircraft sets up for test point 1-14. [32,000 ft to 28,000 ft; 0.884 Mach indicated]
214 Aircraft stabilizes at Mach 0.88; rudder position begins to transition from 0° to 2.0° TEL.
218.5 Elevator pulse complete.
228.5 Rudder pulse complete.
228.5+ ESTIMATED TIME [Pilot reports that he cannot free the controls.]
239 Aileron pulse complete. {335 KCAS; 30,500 fi; 0.881 Mach indicated]
239+ ESTIMATED TIME [Chase notes N138BF was in a right bank at the completion of the test
int.]
239-244 Pilot commands increasing TEL rudder deflection. [2.8° to 4.6° TEL.]
Aircraft heading begins to deviate nose right.
244.6 Pilot initiates a TEU elevator pull.
245 Rate of TEL rudder input increases significantly.
246 Rudder reaches peak deflection of 6.5° TEL.
246.2 Elevator reaches peak deflection of 3.5° TEU. [Elevator is held at this position.]
246.4 Rate of heading deviation increases significantly,
246.4+ ESTIMATED TIME [Chase reports N138BF is slowly rolling to the right.]
254 Aircraft completes one roll.
3° TEU elevator continues to be held in.
7° TEL rudder commanded.
[352 KCAS; 28,000 ft; 0.885 Mach indicated]
254+ ESTIMATED TIME [Pilot reports that he cannot stop the roll.]
254-295 Aircraft rolls approximately 6 more times.
295.1 Telemetry data ends with indicated altitude of 10,000 ft for the last 4 seconds,

7
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The telemetry data began at 130 seconds (10:02:10) with N138BF at about 38,000 feet, Mach
0.805 passing through a magnetic heading of 36° as it executed a right hand, shallow descending
turn toward a magnetic heading of approximately 73°. The airplane accelerated to about Mach
0.83 by the time it completed the turn and continued its shallow descent, accelerating to about
Mach 0.85 by time 180 seconds. The airplane stabilized at about Mach 0.85 for nearly 8 seconds
as it passed through 36,000 feet, continuing to accelerate to about Mach 0.87 at 202 seconds. The
airplane passed an indicated Mach number of about 0.86 at 193 seconds and 1 second later the
accelerometers recorded noticeably higher amplitude oscillations indicative of high speed buffet.
The lift coefficient at 194 seconds was calculated to be (.25, which correlated well with the
5130-2 buffet boundary curve.

The airplane maintained Mach 0.87 for about 9 seconds as it passed through 33,500 feet before
accelerating to Mach 0.88 at about 214 seconds. As the airplane stabilized at Mach 0.88, the
rudder position transitioned from about 0° to about 1.5° to 2° trailing edge left (TEL). The
elevator pulse was completed at 218.5 seconds (see Figure A.5) with the airplane passing
through 33,000 feet on a heading of 74° magnetic. The rudder pulse® was completed at 228.5
seconds (see Figure A.6) with the airplane passing through 31,500 feet. At about this time
according to witness statements, the pilot reported he could not free the controls.

The aileron pulse (see Figure A.6) was initiated at about 237.8 seconds and completed by about
239 seconds as the airplane passed through 30,500 feet. The rudder position began to move
before the aileron pulse damped out, from about 2° TEL to about 3.5° TEL in 2 seconds. At about
240 seconds, airplane heading began to deviate airplane nose right from about 74 to 76.5°
magnetic over 3.2 seconds. The ventral rudder position moved about 0.75° TEL, the same
direction as the rudder, between 237.8 and 243.2 seconds. The chase aircraft reported N138BF in
a slow right bank at this point.

At 243.2 seconds, the rudder moved about 1° TEL over 1.8 seconds to 4.5° TEL and the airplane
nose right heading rate was briefly checked at 244.4 seconds. Until 243.2 seconds, the elevator
remained relatively constant at its initial test condition position near 1° trailing edge down
(TED). At 244.6 seconds, the elevator moved about 4° airplane nose up (ANU) to 3.5° TEU in
1.8 seconds. The elevator maintained a position of 2° to 5° TEU for the next 34 seconds.

As the elevator moved TEU at about 244.6 seconds, the airplane heading once again deviated
airplane nose right. At 245 seconds, rudder rate increased significantly as the rudder moved 2°
TEL over 1 second to 6.5° TEL. After time 243.2, the ventral rudder position appeared to
represent a scaled, offset reflection of the rudder position time history’.

¢ Based on the telemetry data from the flight 231 Mach 0.884 flutter test, SSAC concluded that the pilot command
input sequence was elevator pulse, rudder pulse, aileron pulse. The test plan called for an elevator, aileron, rudder
pulse sequence. It is not known why the zileron and rudder pulse sequences were transposed for this test condition,
The SJ30-2 Flight Test Point Report found in Appendix A of Report 30-2222, Rev, A and flight 231 test card (page
5/12) called for an elevator, aileron, rudder, speedbrake sequence. SSAC noted that the speedbrake deployment
command excitation was removed for flight 231 and other high speed bufTet flight conditions.
7 SSAC provided steady heading sideslip flight test data in an attempt to use ventral rudder data to derive sideslip
angle. The ventral rudder tended to float into the relative wind when the yaw damper was inactive. Review of these
data concluded that the direction indicated by the ventral rudder position was more reliable than the magnitude for
use as a sideslip angle indicator.
8
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The combination of increased ANU elevator and increased airplane nose left rudder coincided
with a marked increase in airplane nose right heading rate. From about 246.2 seconds to the end
of telemetry data, magnetic heading established a periodic oscillation between 65° and 95°
magnetic with a period that varied between 6 and 9 seconds per cycle. Elevator ANU deflection
and rudder TEL deflection were maintained, with some variation in magnitude, to nearly the end
of the data. Calibrated aixspeéd and Mach number increased well beyond the SJ30-2 Vmo/Mmo
and Vpr/Mpr design goals during the accident descent.

The approximately 7 second period observed in the first heading oscillation following the aileron
pulse was consistent with the T-38 witness report that N138BF entered and maintained a slow
right roll after the aileron pulse. The magnetic heading oscillations, rate of altitude descent, and
increasing Mach number were consistent with T-38 witness reports that N138BF entered a
continuous, descending roll and accelerated away from the T-38 (N638TC) despite its attempts
to follow,

C. Performance Calculations

The flight 231 pressure altitude, Mach number, and rudder position telemetry data were used to
calculate the airspeed, ground speed, flight path angle, and sideslip angle shown in Appendix A.
Radiosonde data documented in the Vehicle Performance Factual Report were used to calculate
the speed of sound. As N138BF accelerated toward the test condition Mach number, the airplane
transitioned from level flight to a flight path angle about 7° below the horizon. The flight path
angle was about 10° below the horizon at the completion of the aileron pulse. At 243.2 seconds,
as rudder deflection TEL opposed the airplane nose right heading deviation, the airplane descent
became increasingly steep. The flight path angle continued to decrease toward a final estimated
value of 77° below the horizon.

Sideslip angle was estimated as a function of rudder position based on SJ30-2 steady heading
sideslip data. Results of this calculation were considered valid only for periods when 1} N138BF
was maintaining a relatively steady heading, and 2) rudder position was constant or slowly
transitioning®. Sideslip angle results were plotted between 210 and 247.5 seconds. Sideslip angle
was calculated to vary between at most £1° until the aileron pulse, when it increased to about 2°
between 238 and 243.2 seconds. The sideslip angle increased toward 2.7° with increasing rudder
TEL deflection between 243.2 and 244.4 seconds, at which point the airplane established a
nearly constant rol! rate’ during the high speed descent.

D. Other Telemetry Data Features

The forward fuselage lateral and vertical acceleration parameters contained distinct features or
“spikes” at 10 instances'®. The features appeared only in the 2 forward fuselage accelerometer

¥ Sideslip angle estimates resulting from dynamic rudder events near 218.5 and 228.5 seconds were not considered
valid.
? SSAC provided bank to bank roll flight test data which illustrated magnetic heading deviation as a function of bank
angle for bank angles between £30°.
' The features occurred at approximate times of 137.7, 141.5, 146, 196, 198.5, 214.5, 231.5, 236.5, 271, and 290
seconds on Figures B.1-B.2, B.4-B.6, B.8-B.9 and C.1-C.2, C.4-C.6, C.8-C9.
9
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channels, The duration and relative frequency of the spikes were consistent with short
communication transmissions the pilot might use to identify control input pulses. After review,
SSAC concluded that these spikes were induced by coupled interference from radio transmission
during pilot communication.

The character of the left and right aileron accelerometer data clearly changed between 220 and
230 seconds, as illustrated in Figure A.6 near the bottom of the page. The left hand (LH) aileron
data indicated a cycle (+6 g’s at 222.5 seconds; -3 g’s at 228 seconds) not present in the right
hand (RH) aileron data. The LH aileron cycle occurred at approximately 0.1 Hz. SSAC
concluded that this frequency was too low for a piezo-electric accelerometer measurement to be
valid'' and that the LH aileron accelerometer data feature did not likely reflect an actual flight
event.

VIIL. N138BF Lateral Control History

The SJ30-2 lateral trim system used an adjustable trim spring to apply a constant force to the
control wheel. The spring rate of the installed lateral trim system was equivalent to about 10 1b
pilot wheel force or about 15 percent total roll authority. The constant force design dictated that
the amount of trim required to balance an aerodynamic force asymmetry must be speed
dependent. Given telemetry and eyewitness evidence that a lateral upset occurred, the airplane
performance group documented the N138BF lateral control history. N138BF lateral control
issues and pertinent events are summarized in Table 2, based on SSAC documents and
comrmunication provided during the course of the investigation.

Table 2: N138BF lateral control history

1997 » SSAC purchased a drag chute and developed flight test installation plans.

Prior to 2002 ¢ SSAC made decision not to implement the high speed drag chute installation
originally planned for N138BF flutter testing, due to pilot group concern
about the possibility of an inadvertent chute deployment,

Prior to June 1, 2002 | e A speed restriction of 250 KCAS was in place.

(Prior to flight 114) | e N138BF required a significant amount of roll trim adjustment.

® The roll trim requirement switched between left wing down (LWD) and right
wing down (RWD).

¢ The roll trim requirement was speed dependent.

» The N138BF ailerons were removed, measured, and replaced to correct the
discovered twist deviations from the aileron design surface loft.

Post June 1, 2002 ¢ A speed restriction of 250 KCAS remained in place.

(Post flight 114)  N138BF required much less roll trim adjustment,

o The roll trim requirement was consistently LWD and increased with zirspeed.

» N138BF could be trimmed in the lateral direction within the 250 KCAS speed
restriction,

* SSAC concluded that the N138BF tendency to roll RWD could be attributed
to measured wing twist and aileron twist deviations from the respective design
surface lofts.

Post October 2002 | e The speed restriction of 250 KCAS was opened up to 320 KCAS or Mach
0.83 following completion of Phase 1 flutter testing,

' The accelerometer specification sheets indicated that the output deviation trailed off logarithmically as the
excitation frequency approached 1 Hz.
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¢ The consistent LWD roll trim requirement was a known N138BF
characteristic.

s N138BF required nearly full LWD lateral trim 2t 320 KCAS.

¢ A Temporary Test Aircraft Limitation (TTAL) instructed pilots to limit use of
aileron trim to the 20 to 80 percent range of a 0 to 100 percent scale, where 50
percent was neutral, -

December 16-17, N138BF was instrumented with tufts on the left and right wing upper

2002 (flight 199 and surfaces. Two video cameras (one camera per wing) were installed to record

flight 200, the real time tuft positions on each wing upper surface throughout the test

respectively) flight,
N138BF conducted 2 high speed tuft tests'2,

o Tuft testing confirmed the presence of large regions of shock-induced
separation above Mach 0.81. (The $J30-2 design cruise Mach number is 0.80
and the maximum operating Mach number is 0.83.)

April 14, 2003 N138BF speedbrake travel was limited to 17.5° of nominal 35° design travel

to reduce undesirable speedbrake deployment pitch characteristics (i.e.,

speedbrake deployment could cause a large airplane nose down pitching

moment).

April 15, 2003 SSAC held a Safety Review Board (SRB) meeting to discuss flight flutter test

issues.

Given the open N138BF lateral trim issue and flutter test plan airspeeds

exceeding 320 KCAS, full LWD trim and pilot hand pressure on the wheel

would be required if no corrective action was taken,

The use of a Gurney flap on the right wing tip was approved. (The Gurney

flap was an aerodynamic device intended to balance N138BF in the lateral

axis, independent of airspeed, and restore lateral trim margin.)

Apnil 24, 2003 N138BF conducted flight 229 to quantify the Gurney flap effectiveness, flight

(flight 229) test the flutter instrumentation, and perform a telemetry range check.

The Gumey flap improved the N138BF lateral trim margin. For airspeeds up

ta 305 KCAS, approximately 40 percent lateral trim was required on a scale

from O to 100 percent, where 50 percent was neutral. One Gumey flap
design/installation/flight test iteration did not eliminate all unbalanced rolling
moments.

SSAC considered the fact that N138BF would likely require additional LWD

control input to trim laterally as airspeed increased beyond Vo (320 KCAS).

The flutter test consultant indicated that the flutter data analysis would be

valid if roll control pulses were superimposed on a basic wheel force required

to hold N138BF wings level.

As part of the pre-test review, SSAC decided to continue with the Phase 2

flutter testing if the pilot needed to apply a small wheel force to trim laterally

as airspeed increased beyond V0 (320 KCAS).

April 25, 2003 » N138BF completed flight flutter test point 112",

(flight 230) e All available aileron trim was required at Mach 0.84 for point 1-12 at altitudes

12 Tuft tests are useful for cvaluating the quality of flow over acrodynamic surfaces as a function of the aircraft flight
condition, configuration, angle of attack, and sideslip angle. Wind tunnel or flight test tufi testing can readily
identify regions of attached flow, regions of separated flow, and shock wave locations, depending in part on the
density of the tufts. Use of tufts during flight test has the advantage of readily achieving the actual flight Reynolds
number,
13 Although the test cards for flights 230 and 231 referred to flight flutter test points 4.1.1-12, 4.1.1-13, and 4.1.1-14,
the actual N138BF aircrafi configuration and flight condition were consistent with test points 4.1,1-7, 4.1.1-8, and
4.1.1-9, respectively, per Flight Flutter Certification Test Plan for SSAC Aircraft Model S130-2, Report 30-2222,
Rev. A. The test point identification discrepancy differed in whether or not the aircraft carried a full wing fuel load.
11
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between 31,000 and 30,000 feet. Rudder pedal was used to augment aileron
trim (set at approximately 25 percent) as the airplane descended from 33,000
to 31,000 feet.

¢ Data showed that all of the earlier TTAL lateral trim margin (20 percent to 80
percent) was required to trim N138BF between Mach 0.84 and 0.86",

¢ N138BF experienced an uncommanded LWD roll during test point 1-13,

¢ The roll event was corrected by pilot wheel input over a period of about 20
seconds as the airplane decelerated below Mach 0.85. Rudder pedal was used
in an attempt to augment the aileron roll control during the recovery period.

¢ SSAC discovered that the pilot had not been using the designated calibrated
Mach indication. As a result, the true Mach number was higher than planned
and SSAC terminated testing prior to completion of test point 1-13 to conduct
data analysis,

e SSAC concluded that the LWD roll resembled a wing drop, likely caused by
the presence of shock-induced separation. The pilot was briefed to expect
increased vibration, buffeting, and possible wing drops as the aircraft passed
the 1g buffet boundary at Mach 0.86.

Aprit 26, 2003 o N138BF attempted to complete point 1-14"* of Flight Flutter Certification

(flight 231) Test Plan for SSAC Aircraft Model $J30-2, Report 30-2222, Rev. A.

* N638TC reported N138BF ended the test point in a slight right bank.

» N138BF began a slow uncommanded RWD roll.

¢ After 2 revolutions, pilot reported he could not stop the roll.

* N138BF relled approximately 5 more times during a steep descent terminated
by ground impact.

August 2003 » 5J30-2 transonic wind tunnel model build contract awarded.

December 2003 s SJ30-2 transonic wind tunnel model delivered.

January 2004 « S)30-2 transonic wind tunnel test conducted at ARA facility in England.

May 2004 » SSAC presented results of the SJ30-2 transonic test at ARA to the zirplane

performance group.

The lateral control history data indicated that NI38BF exhibited symptoms of lateral asymmetry
during the SJ30-2 flight test program. Lateral control authority was available within the design
flight envelope (i.e., to Vmo/Muo), but requirements for LWD lateral trim increased with
airspeed. Incremental lateral trim improvements were made when the ailerons were replaced and
the Gurney flap was added. However, N138BF consistently required LWD trim at speeds above
250 KCAS in zero sideslip conditions.

141 ateral trim requirements presented as a function of Mach number can be misleading, depending on how airspeed
and altitude were varied. Figure 3.0-6 of SSAC document, “S/N 002 Accident Investigation Final Report: Lateral
Instability Theory,” dated August 1, 2003 indicated that nearly all of the TTAL lateral trim margin was required to
trim N138BF between Mach 0.70 and 0.86. However, the 8130-2 lateral trim requirement is primarily a function of
dynamic pressure, as opposed to Mach number. Increasing dynamic pressure (e.g., increasing airspeed and/or
decreasing altitude) generally required more lateral trim.
'3 Although the flight 231 test card and flight flutter test plan Report 30-2222, Rev. A, Appendix A called for
excitation pulses to be conducted once in each direction, the actual pulses were commanded in a single direction,
consistent with the exception documented on page 6 of Report 30-2222, Rev. A, for flight conditions above the
maximum level speed of the aircraft. Speedbrakes were not extended for this test point, and were not planned 1o be
extended.
12
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IX. SJ30-2 Stability and Control Characteristics

Prior to the N138BF accident, SSAC estimated the SJ30-2 high speed stability and control
characteristics by extrapolating from low speed wind tunne] data, using methods in the USAF
Stability and Control Data Compendium (DATCOM), conducting numerical simulation with
Computational Fluid Dynamics (CFD) tools, and extrapolating from flight test data'®,

A. Wind Tunnel Testing

SSAC conducted 8 low speed wind tunnel tests at the University of Washington Aeronautical
Laboratory (UWAL) in Seattle, Washington between 1996 and 2002, The baseline SJ30-2
configuration was developed during 3 tests completed between February 1996 and February
1997. Aerodynamic stability and control data for the production SJ30-2 configuration were
collected during tests in October 1997 and May 1998. Secondary flight control surface
asymmetry deployment effects were evaluated in September 2001. Speedbrake pitching moment
characteristics, stall chute stinger/emergency egress deflector effects, and alternative speedbrake
configurations were analyzed in August and October 2002. The low speed wind tunnet data
showed that the presence of separation due to either speedbrake deployment or high (post-stall)
angles of attack tended to reduce wing lateral stability.

Following the accident, SSAC developed a test plan and authorized a transonic test to define the
high speed stability and control characteristics of the SJ30-2. A 1/9* scale model was built to
SJ30-2 design loft specifications by Trt Models, Inc. of Huntington Beach, California between
August and December 2003. The model design enabled hinge moments generated by specific
hinge-wise deflections of the horizontal stabilizer, aileron, elevator, rudder, and outboard
spoiler/speedbrake flight control surfaces to be measured. In addition, vortex generator, thick
trailing edge flap and aileron, Gumey flap, winglet, strake, and wing blade components were
built and tested. The transonic test took place in the Aircraft Research Association Limited
(ARA) 9 by 8 foot transonic tunnel in Bedford, England during January 2004,

Results of the transonic test were presented to the airplane performance group by SSAC in May
2004. The transonic wind tunnel test data indicated that lateral stability on the SJ30-2
deteriorated with increasing Mach number and angle of attack. Lateral stability measured in
terms of rolling moment due to sideslip became negative (unstable) above Mach 0.83. Given this
lateral stability sign change, a rudder input intended to augment the lateral trim (or roll
capability) and raise a low wing could, beyond a certain Mach number, aggravate the need for
lateral trim (or roll capability). Similarly, an elevator TEU input would tend to increase the angle
of attack resulting in deteriorated lateral stability.

The transonic wind tunnel test data also provided evidence that roll authority deteriorated above
Mach 0.86. Flow visualization results showed that the flow on the upper wing surface separated
between Mach 0.84 and 0.88 and flow on the lower wing surface separated between Mach 0.86
and 0.88 at 2° angle of attack and 0° sideslip angle. A 1° angle of attack is representative of the
accident flight condition lift coefficient. By Mach 0.88, the aileron upper and lower surfaces
were both in separated (low energy) flow regions.

'8 Flight test data were available from a smaller scale, pre S/N 001 “prototype SJ30-2" designated the SA30 and
from N138BF.
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B. Computational Fiuid Dynamics

SSAC used Computational Fluid Dynamics (CFD) methods for wing design and to supplement
the SJ30-2 high speed stability and control database. However, prior to the accident, primarily
vortex lattice and Euler methods were used. Euler methods tend to predict shock locations farther
aft than the actual shock position for transonic flight conditions. More advanced CFD methods,
including Navier-Stokes codes, tend to improve shock strength and location calculations, but
remain challenged to accurately predict hinge moment coefficients, skin friction drag, and wave
drag. SSAC has only recently applied CFD methods for the prediction of stability and control
derivatives.

Wing designs for the SA30 (a pre SJ30-2 prototype) and SJ30-2 were performed using WIBCO,
a NASA/Grumman transonic small disturbance code. A coupled integral boundary layer method
was available, but WIBCO lacked an asymmetric analysis capability. The WIBCO code was
used primarily for cruise analysts, although runs were also made at Mach 0.88 (the dive Mach
number at the time) to check for separation onset.

Prior to the accident, the three-dimensional MGAERO'? Euler code (inviscid mode) was used to
design the pylon for cruise, analyze the flap track fairings, and benchmark the Euler code used at
SSAC as well as the VLAT code used for loads. MGAERO predicted a reduction in lateral
stability above Mach 0.815, but positive lateral stability up to Mach 0.90. Two-dimensional CFD
aileron power studies showed aileron power decreasing with increasing Mach number.

Following the accident, SSAC made inviscid calculations up to Mach 0.9, including sideslip, in
an attempt to understand three-dimensional, transonic, asymmetric characteristics. The fully
viscous NSAEROQ Navier-Stokes code has been recently applied to gain additional insight.

C. N138BF Flight Testing

SSAC steady heading sideslip flight tests conducted with N138BF demonstrated that the SJ30-2
had positive lateral stability from 1.2 Vs up to Mach 0.817. Sideslip angles up to 6° were tested
at Mach 0.817. Bank to bank roll testing demonstrated adequate aileron authority out to Mach
0.819, Flight 230 data demonstrated N138BF response to aileron and rudder inputs above Muo.
Flight 199 and flight 200 high speed tuft test data confirmed the presence of large regions of
shock-induced separation above Mach 0.81.

X. SJ30-2 Aircraft and Flight Test Program Improvements

SSAC made aerodynamic improvements to the SJ30-2 following the accident as a result of post-
accident design and development efforts. First, vortex generators were added to the wings to
delay the onset of shock-induced separation, Second, thicker trailing edge ailerons were installed
to improve aileron effectiveness at high Mach numbers. In addition, a high Mach number roll

17 The MGAERO code is used to analyze complex geometry configurations by solving the Euler equations for
compressible inviscid flow. Cartesian embedded grids are used to discretize the domain and multi-grid and other
methods are used to accelerate the solution calculation. A correction which partially accounts for viscous effects is
available via an integral boundary layer calculation along surface streamlines.
14
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spoiler system was prepared for implementation to augment roll control above Mach 0.835. Asa
result of design work prior to the accident, the single speedbrake panel on each wing was
relocated farther outboard to minimize the large pitch down effects caused by tail lift
interference.

The S130-2 flight flutter test aircraft was equipped with a high speed drag chute before Phase 2
flutter testing resumed. Moreover, the speedbrakes were operational at all airspeeds to the design
deployment range with improved pitch characteristics. SSAC pilots received unusual attitude
training and corrective actions for overspeed and upset conditions were formally defined. SSAC
successfully completed the SJ30-2 Phase 2 {light flutter testing in August 2004 and demonstrated
that the high Mach number rol} spoiler schedule was not needed.

XI. Post-Accident Flight Test Data (S/N 004)

Recent flight test results on S/N 004, which incorporated the configuration modifications
outlined above, demonstrated improved SJ30-2 high speed stability and contro! characteristics.
The S/N 004 airplane flew multiple flutter test points to Vp/Mp (372 KCAS/0.90 Mach). The
point of neutral lateral stability was shown to be approximately 0.015 Mach higher at the cnitical
altitude (28,000 fi) than that predicted by the transonic wind tunnel data. The modified SJ30-2
configuration maintained positive lateral stability at Mmo (0.83 Mach) and demonstrated neutral
lateral stability at about 0.85 Mach.

High-speed dive recovery (deceleration from Mach 0.885 to Mach 0.85) accomplished by simply
reducing thrust to idle resulted in a return to the laterally stable flight regime within about 9
seconds. Releasing rudder input from a nominally stabilized sideslip condition caused the
airplane to return to wings leve! flight at all Mach numbers tested up to 0.9 Mach, even when Cyg
was positive, Finally, the modified configuration repeatedly demonstrated controlled flight into
the “unstable™ regime with positive roll control at all times and rapid recovery to Mao when
required.

XII. Conclusions

The N138BF lateral control upset occurred during flight in high speed buffet at approximately
Mach 0.88. The loss of lateral control was manifest in the form of a continuous, right wing
down, descending roll. Although no roll authority problems were previously documented, the
airplane had an established history of limited lateral trim capability that deteriorated with
increasing airspeed, above 250 KCAS.

Flight test data indicated that rudder pedal was used in an attempt to augment roll control during
two high speed flight flutter test conditions prior to the accident. Telemetry rudder position and
sideslip angle estimates indicated that N138BF was in a 2° to 3° sideslip condition at the time of
the upset. Post-accident SJ30-2 transonic wind tunnel test data showed that aileron effectiveness
was markedly reduced above Mach 0.86 and that the lateral stability became negative (unstable)
above Mach 0.83. Rudder deflection intended to raise a low wing in flight conditions where
lateral stability was positive would have aggravated the low wing situation in flight conditions
where the lateral stability was negative.

15
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At the accident flight condition, N138BF was not able to generate enough aileron roll authority
to balance the residual rolling moment coupled with the adverse rolling moment due to a 2°to 3°
sideslip. Shock-induced separation effects tend to decrease with lower Mach number and
reduced angle of attack. Adverse rolling moment effects due to negative lateral stability tend to
decrease with lower Mach number and reduced sideslip angle. Based on the available N138BF
flight test data and the ARA transonic wind tunnel data, recovery from the lateral control upset
would most likely have been accomplished by reducing speed (e.g., throttles to idle, speedbrake
deployment) below Mach 0.84.
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Appendix A

N138BF Flight 231 Control Surface Telemetry Data and Calculated Parameters
(Figures A.0—A.9)
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Appendix B

N138BF Flight 231 Longitudinal and Lateral Accelerometer Telemetry Data

(Figures B.0—B.9)
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Appendix C

N138BF Flight 231 Vertical Accelerometer Telemetry Data
(Figures C.0—C.9)
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o FIGURE C 2 N138BF FLIGHT 231 ACCIDENT (12,060 LB; 32.5% MAC; TELEMETRY DATA UNLESS NOTED)
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e FIGURE C.3: N138BF FLIGHT 231 ACCIDENT (12,060 LB: 32.5% MAC; TELEMETRY DATA UNLESS NOTED)
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e FTGURE C.4: N138BF FLIGHT 231 ACCIDENT (12,060 LB; 32.5% MAC; TELEMETRY DATA UNLESS NOTED)
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ww FIGURE C.5: N138BF FLIGHT 231 ACCIDENT (12,060 LB; 32.5% MAC; TELE
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wxe FIGURE C.6: N138BF FLIGHT 231 ACCIDENT (12,060 LB; 32.5% MAC; TELEMETRY DATA UNLESS NOTED)
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e FIGURE C.8: N138BF FLIGHT 231 ACCIDENT (12,060 LB: 32.5% MAC; TELEMETRY DATA UNLESS NOTED)
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g FIGURE C.9: N138BF FLIGHT 231 ACCIDENT (12,060 L8; 32.5% MAC;
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