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LAX04FAQS7
FileNo.18490 ~

12/4/2003

Make/Model; Wing Aircraft/ D-1

Engine Make/Model:
Aircraft Damage:
Number of Engines:
Operating Certificate(s):
Type of Flight Operation:

Reg. Flight Conducted Under:

Last Depart. Point:
Destination:
Airport Proximity:

Pilot-in-Command Age:

Certificate(s)/Rating{s)

Airline Transport; Commercial; Mulu-engtne Land; Single-engine Land

Instrument Ratings
Airplane

Lycoming / 10-320-B1C
Destroyed

2

None

Instructional

Part 91; General Aviation

Mojave, CA
Local
Off Airport/Airstrip

59

National Transp
Washin

C 20594
Brief of Accident

Adopted 10/27/2005

Rosamond, CA

n Safety Board

Alrcrait Reg No. N8602J _

Fatal Serious
Crew 2 0
Pass 1] 0
Condition of Light:
Weather Info Src:

Basic Weather:
Lowest Ceiling:
Visibility:

Wind Dir/Speed:
Temperature ("C):
Precip/Obscuration:

Flight Time (Hours)

Total All Aircraft:

Last 90 Days:

Total Make/Model:
Total Instrument Time:

_Time (Local): 08:54 PST_ _

Minor/None
0
0

Day

Woeather Observation Facility
Visual Metecrological Cond
None

10.00 SM

Unk/Nr

6

No Gbscuration; No Precipitation

5763
51

122
Unk/Nr

Following maneuvers during an instructional flight under visual meteorclogical conditions, the airplane departed from controlled flight, stalled, and entered a spin. In the uncontrolled descent,
the airplane impacted desert terrain and was destroyed by impact forces. Wreckage was located over a 65-foot-wide, 122-foot-long north-northeasterly path less than 1/4-mile from the last
radar recorded location. A circular area around the airplane was devoid of vegetation. The airplane was examined on-scene and following its recovery. Fuselage and cockpit structure was
found partially collapsed in a downward direction. The continuity of the flight control system was confirmed, and no evidence of preimpact mechanical malfunction was found. The purpose of
the flight was for the flight school's instructor to provide initial training to a foreign student pilot, who was an instructor pilot in military aircraft, and to familiarize him with the flight
characteristics of the airplane prior to the student's enrollment in a test pilot program. The foreign pilot was not qualified to act as pilot-in-command of the accident airplane. The flight school's
instructor was current in the accident airplane. The syllabus for the planned 1-hour-long familiarization flight included stalls, with the landing gear and wing flaps retracted and extended, in
addition to velocity minimum control demonstrations. The instructor pilot was to demonstrate a maneuver followed by the student performing the maneuver. A review of radar data indicated
that the airplane was maneuvered through a series of stalls from 0847 until 0853. At 0853:20, the airplane's altitude indicated 5,900 feet. At 0853:49, the allitude indicated 3,500 feet, and
the groundspeed decreased to 60 knots, where it remained until the airplane disappeared from radar at 0853:54. The airplane’s radar position remained relatively constant during the final
seconds of recorded flight, as the airplane descended at 5,000 feet per minute until impacting 2,600 foot mean sea level {msl) terrain. It was not determined whether one or both of the pilots
were handling the controls at the time the spin commenced. Flight records from the test pilot school indicated that the student had accrued one flight in a multiengine airplane, with a flight
time of 1.2 hours. His total flight time was about 1,531 hours with the majarity of his flight time accrued in F16 type military aircraft. The instructor, who was the director of flight operations
and the flying safety officer for the school, had a total flight time of about 5,767 hours. An estimated 122 hours had been accumulated in the accident make and modet airplane, with 27.4 of
those hours accumulated in the past year. The weight and balance data was found to be within acceptable limits for the flight. The airplane flight manual prohibited the performance of spins.
No determination could be made as 1o which pilot may have been manipulating the controls at the time of the departure from controlled fiight.




Brief of Acciﬂrﬂ.I_(COntinued) |

LAXO4FAQST ~
File No. 18490 . 12/4/2003 _._ . _ _Rosamond,CA Aircraft Reg No. N8602J Time (Local): 08:54 PST ‘
Occurrence #1: LOSS OF CONTROL - IN FLIGHT

Phase of Operation: MANEUVERING

Findings
1. STALL - PERFORMED - FLIGHTCREW
2. (C) AIRCRAFT CONTROL - NOT OBTAINED - PILOT IN COMMAND
3. (C) STALLU/SPIN - INADVERTENT - FLIGHTCREW

Occurrence #2: IN FLIGHT COLLISICN WITH TERRAIN/WATER
Phase of Cperation: DESCENT - UNCONTROLLED

Findings
4, TERRAIN CONDITION - GROUND

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

The National Transportation Safety Board determines the probable cause(s) of this accident as follows. ‘
The flying pilol's failure to obtain/maintain control of the airplane during practice stalls, which resulted In the inadvertent entry into a spin.

Printed on 11/1/2005
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Printed on 8/8/2005

NTSBID:  LAX04FAQ57

Aircraft Registration Number: N8602J

Occurrence Date:  12/4/2003 Most Critical Injury:  Fatal
Occurrence Type: Accident Investigated By: NTSB

Location/Time

Nearest City/Place State Zip Code Local Time Time Zone

Rosamond CA 93560 0854 PST

Airport Proximity:  Off Airport/Airstri | Distance From Landing Facility: Direction From Airport:

Aircraft Information Summary

Aircraft Manufacturer Model/Series Type of Aircraft

Wing Aircraft D-1 Airplane

Sightseeing Flight: No

Air Medical Transport Flight: No

Narrative

Brief namrative statement of facts, conditions and circumstances pertinent to the accidentincident;

HISTORY OF FLIGHT

On December 4, 2003, at 0854 Pacific standard time, a Wing Aircraft, D-1, N8602J, collided with desert
terrain while maneuvering about 11 nautical miles (nm) west-southwest of Rosamond, California. The
National Test Pilot School (NTPS), located in Mojave, California, operated the airplane under the provisions of
14 CFR Part 91. The multiengine airplane was destroyed by impact forces. The airline transport pilot, who
—was acting as a flight instructor, and the student were fatally injured. Visual meteorological conditions
prevailed, and a company flight plan was in effect. The instructional familiarization flight originated from
runway 26 at the Mojave Airport, approximately 0832.

Prior to initiating the accident flight, the instructor briefed the student using a lesson plan. The specific stall
and Vme maneuvers to be performed were listed on a document, which the NTPS termed a "flight card." The
anticipated length of the familiarization flight was 1 hour.

Recorded radar data indicates that the Mode C (altitude encoding) transponder equipped airplane departed
from the Mojave Airport in a westerly direction. Thereafter, the airplane proceeded in a southwesterly
direction and flew toward the area where the accident was to occur, with a ground speed between 100 and
140 knots. No altitude data was recorded by radar until about 0846, at which time the airplane's altitude
indicated 6,000 feet. At 0849, after reversing course, the airplane's altitude decreased from 5,900 feet to
5,200 feet, with a groundspeed of about 80 knots. Thereafter, the airplane regained altitude. About 0850, the
airplane’s altitude decreased from 6,000 feet to 5,600 feet, with a ground speed of 80 knots within a matter a
seconds. At 0853:20, the airplane’s altitude indicated 5,900 feet. The airplane’s position remained relatively
constant on the radarscope during the final seconds of its recorded flight. At 0853:49, the altitude indicated
3,500 feet, and the groundspeed decreased to 60 knots, where it remained until the target disappeared from
radar at 0853:54, at an altitude of 3,100 feet. The estimated location of the airplane when last observed on
radar was about 34 degrees 50.600 minutes north latitude by 118 degrees 23.383 minutes west longitude.
During the last 5 seconds of the radar track, the target depicted a left turn.

PERSONNEL INFORMATION

== nstructor.

. A review of Federal Aviation Administration (FAA) airman records revealed the instructor held an airline

{Continued on next page)
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Safety Board | NTSBID:  LAX04FAQ57

National Trang }):Ag_é'
EPORT Occurrence Date: 12/4/2003

FACTQJ

ON Cccurrence Type: Accident

Narrative (Continued)

transport pilot certificate with an airplane single engine rating. He also held a commercial pilot certificate with
a multiengine land rating. His second-class medical certificate was issued on January 9, 2003. It had the
limitations that the pilot must wear corrective lenses for near and distant vision. An examination of the
instructor's logbook indicated he had accumulated an estimated 1,711 hours of civilian flight time. He had
logged 52.2 hours in the last 90 days, and 18.9 in the last 30 days. He had an estimated 122 hours in the
accident make and model airplane, with 27.4 hours over the past year. His total multiengine flight time was
approximately 387 hours. NTPS management reported that the instructor was current in the accident airplane
and authorized to provide the familiarization flight to the student.

The instructor was a graduate of the United States Air Force test pilot schoo!l. He served as the Director of
Flight Operations, and as the Flying Safety Officer for the NTPS. He had an estimated total flying time of
5,767 hours. The majority of the instructor’s flight time was in an F-4 {2,700 hours). The instructor had 400
hours of flight time in an E-8A/C (a modified Boeing 707). He had 1,600 hours of flight time as an instructor
pilot in F-4 aircraft, 75 hours in an F-16, and 50 hours in other aircraft.

Student.

The student was a pilot for the Korean Air Force. He did not hold any FAA aiman certificates; however, he
was rated as an instructor pilot by the Korean Air Force. He maintained both F16 and instrument flying
=authorizations.

Based on flight time records submitted by the Korean Embassy, certified January 8, 2004, the student had an
estimated total flying time of 1,531 hours, with 1,237 hours as pilot-in-command. He had been flying for the
past 12 years. The majority of his total flight time, approximately 962 hours, was in F16C/D and KF16C/D (the
Korean equivalent to the F16) aircraft. Most of his remaining flight time was in F5E/F aircraft (416 hours) and
T37C airplanes (122 hours). The flight times submitted by the Korean Embassy did not include NTPS flights.

The NTPS's Deputy Director reported to the National Transportation Safety Board's investigator-in-charge
(IIC) that the student was enrolled in the school's 6 week-long pre-Professional Test Pilot course (pre-TPS), in
preparation for commencement of the 11-month-long test pilot program. The pre-TPS course provides, in
pertinent part, familiarization training in the flight characteristics of the fuel injected, normally aspirated,
reciprocating propeller-equipped airplane. The curriculum includes stalls, with the landing gear and wing flaps
retracted and extended. The course also exposes the student to various maneuvers including velocity
minimum control (Vmc) demonstrations with both the left (critical) engine and the right engine operating at
reduced power

The student began his training at the NTPS in October 2003. He was preparing to enter the Professional Pilot
course in January 2004. His flight time records at the school indicated that the first two flights were in
helicopters, with a total flight time of 2.5 hours on November 17. On December 2, the pilot flew twice in single
engine propeller airplanes, accumulating a total flight time of 2.0 hours. On December 3, he made one flight
in a multiengine propeller airplane, with a flight time of 1.2 hours, and one flight in a single engine propeller
airplane, logging 0.9 hours of flight time.

r\IRPLANE INFORMATION

—The accident airplane was a Wing D-1, serial number 9. The airplane was manufactured by Derringer.

(Continued on next page)
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National Tran; Safety Board NTSBID: LAX04FA057
FACTij BPORT Occurrence Date: 12/4/2003
A ON Occurrence Type: Accident

Narrative (Continued)

Emerald Enterprises LTD cumrently holds the type certificate. The Wing D-1 is a low-wing, multiengine
airplane, with conventional propellers. A review of the airplane’s logbooks revealed a total airfframe time of
927.9 hours at the last 100-hour annual inspection. An annual inspection was completed on May 15, 2003.
The Hobbs hour meter was placarded inoperative.

The airplane had a Textron Lycoming 10-320-B1C engine, serial number L-5782-55A, installed on the left
side. Total time on the engine at the last 100-hour annual inspection was 355.9 hours.

The airplane had a Textron Lycoming 10-320-B1C engine, serial number L-5781-55A, installed on the right
side. Total time on the engine at the last 100-hour annual inspection was 355.9 hours.

A review of the airframe, engine, and propeller maintenance records by the Safety Board IIC did not reveal
evidence of any anomalies or uncorrected maintenance issues prior to the flight.

Fueling records at the East Kern Airport District established that the airplane was last fueled on December 2,
2003, with the addition of 5.7 gallons of 100LL octane aviation fuel. The flight departed with 60 gallons of fuel
on board.

The airplane’s approved flight manual (AFM) states that the stall speeds for the airplane are 80 miles per hour
mm(mph) indicated airspeed in the clean configuration, and 72 mph with the gear and flaps extended. Aerobatic
mmmaneuvers, including spins, are prohibited. A stall speed chart indicated that the stall speeds increase as the

angle of bank increases. The chart specified the following stall airspeeds:

Flaps Up (Power off)

0 degrees Angle of Bank at 80 mph, IAS
15 degrees Angle of Bank 81 mph

30 degrees Angle of Bank 86 mph

45 degrees Angle of Bank 95 mph

60 degrees Angle of Bank 113 mph

Flaps Down (Power off)

0 degrees Angle of Bank at 72 mph, IAS
15 degrees Angle of Bank 73 mph

30 degrees Angle of Bank 77 mph

45 degrees Angle of Bank 86 mph

60 degrees Angle of Bank 102 mph

WRECKAGE AND IMPACT INFORMATION

The Safety Board IIC, an FAA inspector, a Lycoming representative, and a representative from Flight
Research, Inc., examined the wreckage at the accident scene on December 5, 2003. The airplane impacted
level desert 2,600-foot mean sea level (msl) terrain less than 1/4-mile from the last location at which it was
observed on radar. The wreckage was found at the following approximate global positioning satellite
oordinates: 34 degrees 50.682 minutes north latitude by 118 degrees 23.299 minutes west longitude. A
iircular area around the airplane was devoid of vegetation. The wreckage was distributed in an area
pproximately 65 feet wide and 122 feet long. The nose of the airplane came to rest facing a

{Continued on next page)

FACTUAL REPORT - AVIATION Page 1b




I IRS BPSLY N UNWINY

National Trans g‘;_;_a’ b Safety Board NTSBID: LAX04FA057

=

FACTgJ ;UW ‘8 gPORT Occurrence Date: {2/4/2003
A vi ON Occurrence Type: Accident

Narrative (Continued)

north-northeasterly direction. Fuselage and cockpit structure was found partially collapsed in a downward
direction.

Flight control continuity was established through the aileron, rudder, and elevator control systems, to the
cockpit area. The left and right aileron cables were intact to the cockpit area. The right rudder cable
displayed "broomstrawing" at its breaking point.

The elevator was controlled through a series of push-pull tubes. The rear push-pull tube was found separated
at the belly mounted pivot follower. A 3-inch end section that attached the rear push-pull tube to the follower
was not recovered. The attachment to the follower displayed a smeared surface on one side; the other
displayed a grainy appearance, broken at a 45-degree angle. A bolt attachment to the forward follower was
sheared. The control tube was bowed at the fuel selector location.

No control stop deformation, bending, or over-travel evidence consistent with flight control surface flutter was
detected.

The cockpit area was examined. The mixture controls were found in the full-forward position. The propeller
controls were in the full-forward position and curled right. The throttle controls were in the aft position. The
left and right magnetos’ switches were in the both position and clicked when turmed to the off position. The
landing gear selector was in the down position and displaced slightly right. Both contro! yokes were in the full

—_aft position and bent downward. The left yoke vertical grip on the right side was not attached. Neither of the
right yoke vertical grips were attached.

The flap actuators indicated that the flaps were symmetrically extended in a down position. The elevator trim
position indicated neutral. The rudder and aileron trim setting was not determined.

The canopy was found on the left side of the airplane, aft of the left wing, in an inverted position. The latches
were found in the deformed fuselage structure with the actuator control rods broken. The canopy seal did not
display any over-travel signatures.

The oleo struts on the left and right main landing gear were oriented perpendicular to the fuselage. The
wheels were bent aft. The nose gear was deformed back and upward.

The engines and propellers were examined. The left engine crankshaft was rotated. Fuel was present
throughout the system. The flow divider was examined, the gaskets were intact, and no perforations or holes
were found. The spark plug electrodes were gray in color, which corresponded to normal operation according
to the Champion Aviation Check-A-Plug AV-27 Chart. The left propeller remained attached to the left engine.
Blade 1 was undamaged. Blade 2 was bent slightly aft. Chordwise striations were found on the cambered
surface, and none were found on the face. There was no evidence of leading edge gouging.

The right engine crankshaft was rotated. Fuel was present throughout the system. The flow divider was
examined, the gaskets were intact, and no perforations or holes were found. The top spark plug electrodes
were dark and sooty, which corresponded to rich operation according to the Champion Aviation Check-A-Plug
AV-27 Chart. The bottom spark plugs, excluding cylinder number 4 (which could not be removed), were white
in color, which corresponded to lean operation according to the Champion Aviation Check-A-Plug AV-27
Chart. The number 3 and number 4 cylinders were borescoped. Their coloration was consistent with normal

(Continued on next page)
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National Trang ‘({'mﬂas hn Safety Board NTSBID: LAX04FA057
FACT;J BPORT Occurrence Date: 12/4/2003
A

©ON Occurrence Type: Accident

Narrative (Continued)

operation. The right propeller hub was found detached and forward of the right engine. Blade 1 did not
display any torsional deformation. Chordwise striations were found on both the cambered and face side.
There was no evidence of leading edge gouging. Blade 2 was undamaged.

Fuel was found in desert soil beneath both wings. Fuel was also detected in the airplane's fuel lines.
METEROLOGICAL INFORMATION

The closest aviation weather observation station to the accident site was at Mojave (MHV), 17 nm northeast of
the accident site. The elevation at MHV is 2,791 feet msl. A routine aviation weather report (METAR) for
Mojave was issued at 0845, It stated: skies clear; visibility 40 miles; winds calm; temperature 16 degrees
Fahrenheit; altimeter 30.20 InHg.

MEDICAL AND PATHOLOGICAL

The Kern County Coroner completed autopsies on the instructor and the student. They also performed
toxicological tests which were negative for drugs of abuse and alcohol.

The FAA Toxicology and Accident Research Laboratory performed toxicological testing of specimens from the
mmnstructor and the student. According to the postmortem toxicology report, results for the student were
mmnegative for carbon monoxide, cyanide, ethanol and screened drugs. The toxicology report for the instructor

was negative for carbon monoxide, cyanide, and screened drugs. The instructor's toxicological test results

were positive for the following:

10 ma/dL, mg/hg ETHANOL detected in Blood
33 mg/dL, mg/hg ACETALDEHYDE in Blood.

The report indicated that the ethanol found in this case was from postmortem ethano! formation and not from
the ingestion of ethanol.

TESTS AND RESEARCH

The airplane was recovered from the accident scene and was reexamined on December 8, 2003. The upper
right leg of the cockpit's flight control Y was observed bent and broken. The vertical portion of the control Y
exhibited a bending break consistent with an over-travel in the direction it was observed bent.

The NTSB Materials Laboratory examined fore and aft portions of the left rudder control cable. The
Supervisory Metallurgist concluded that all features on the cable pieces were typical of an overstress
separation. There was no evidence of corrosion or wear.

The elevator control tube was severed at the follower assembly, and a 3-inch section that attached the aft
elevator control tube to the follower was not recovered. The airplane representative examined the sections of
elevator control tube involved in the accident and the elevator control assembly of a sister ship. By design,
the attachments of both the fore and aft elevator tubes are fixed at both ends. The tube moves along a
=ollower assembly. With the elevator in the full aft position, the aft control tube attachment rests against the
ollower assembly. The representative opined that the aft elevator tube was sheared just aft of the attachment

(Continued on next page)
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National Trang %ﬁ hn Safety Board NTSBID: LAXO4FAQ57
FACT%I ';";rf g BPORT Occurrence Date: 12/4/2003

AVIATTON Occurrence Type: Accident

Narrative (Continued)

as ground impact occurred.

According to FAA personnel, air traffic control did not assign the accident airplane a discrete transponder
squawk code. A review of recorded airport surveillance radar, from the High Desert Terminal Radar Approach
Control facility located at the Edwards Air Force Base, was undertaken for the flight tracks of all aircraft
departing runway 26 and disappearing over the crash site. Only one radar track matched the accident
airplane’s projected flight track. Safety Board investigators reviewed the flight track for this airplane during a
real-time replay event at the Edwards Air Force Base facility in order to determine the flight path.

A Safety Board Research and Engineering specialist also reviewed the radar hits and the airplane's projected
flight path. The entry speed into the final maneuver was calculated to be 92 mph, and the descent rate
increased to more than 5,000 feet per minute. The flight path indicated by the final radar returns described a
left spiral.

The Director of the NTPS performed an analysis of the radar data using the accident airplane’s performance
and flying qualities in conjunction with the flight test card. He had flown with the instructor pilot on numerous
occasions and was familiar with the operating characteristics of the accident airplane. The assumed test
sequence was the instructor pilot demonstrating the flight test technique (FTT) and the student pilot
performing the FTT. The exception to the sequence would be the climb and level flight stabilized data points.

~ The Director associated the radar data with the estimated flight times it would take to perform the flight card
requirements. The stall series was calculated to occur from 0847 until 0853. Based on the Director's
calculations, the last stall to be performed was a "Level Flight Power Approach (PA) Configuration Stall.”
From the performance calculations, the Director concluded that the instructor first demonstrated the
maneuver, and then control of the airplane was handed to the student. Recover from the initial stall appeared
to have been straight ahead, and then the airplane stalled again at which time the airplane turmed to the right.
Following recovery, the airplane stalled again. It was at this point that the airplane presumably departed
controlled flight. The Director concluded that the airplane entered a spin in the power approach (PA)
configuration at approximately 6,000 feet and impacted the ground after approximately seven turns in a flat
spin.

WEIGHT AND BALANCE
The weight and balance data for the flight was reviewed. The total takeoff weight was 2,896 pounds. The
maximum takeoff weight for the airplane was 3,100 pounds. The center of gravity {CG) was 90.9 inches aft of

the datum. The maximum forward CG for the airplane was 89.5 inches aft of datum and the maximum aft CG
was 93.0 inches aft of datum.

ADDITIONAL INFORMATION

The airplane was released to the owner’s representative on March 4, 2004,

FACTUAL REPORT - AVIATION Page 1e
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National Trany *},ﬁ a Safety Board NTSBID: LAXO04FA057

FACTEI EPORT Occurrence Date: 12/4/2003
AVRATION Occurrence Type: Accident
Landing Facility/Approach Information
Airport Name Airport D] Airport Elevation | Runway Used | Runway Length | Runway Width
Ft. MSL NA

Runway Surface Type: Unknown
Runway Surface Condition: Unknown

Type Instrument Approach: NONE

VFR Approach/Landing: None

Aircraft Information
Aircraft Manufacturer Model/Series Serial Number

Wing Aircraft D-1 9
Airworthiness Certificate(s): Normal

Landing Gear Type:  Retractable - Tricycle
Homebuilt Aircraft? No Number of Seats: 2 | Certified Max Gross Wt. 3050 LBS | Number of Engines: 2

ine Type: Engine Manufacturer: Model/Series: Rated Power:
ciprocating Lycoming 10-320-B1C 160 HP

- Aircraft Inspection Information
Type of Last Inspection Date of Last Inspection |Time Since Last Inspection | Airfframe Total Time
Annual 05/2003 7.4 Hours | 936.6 Hours
- Emergency Locator Transmitter (ELT) Information

ELT Instalied? Yes ELT Operated? Yes ELT Aided in Locating Accident Site? No
Owner/Operator Information

Registered Aircraft Owner Street Address

_ 802 N. West Street
DAC Holdings, Inc. City State } Zip Code
Wilmington DE 19801
) Street Address
Operator of Aircraf 1039 Flightiine #72 _
National Test Pilot School City State | Zip Code
Moiave CA 93501

Operator Does Business As: ] Operator Designator Code:

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

Air Carrier Operating Certificate(s):

==grating Certificate: Operator Certificate:

Regulation Flight Conducted Under: pPart 91: General Aviation

Type of Flight Operation Conducted: |nstructional

FACTUAL REPORT - AVIATION Page 2
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NTSBID: LAX04FAO057
Occurrence Date: 12/4/2003

Occurrence Type: Accident

First Pilot Information

Name City State |Dateof Birth | Age
On File On File On Filg On File 59
Sex: M| Seat Occupied: Right Principal Profession: Occupational Pilot Certificate Number: On File
Certificate(s): Airine Transport; Commercial

Airplane Rating(s):  putti-engine Land; Single-engine Land

Rotorcraft/Glider/LTA:

None
Instrument Rating(s): Airlane
Instructor Rating(s): None
Type Rating/Endorsement for Accident/Incident Aircraft? Curment Biennial Flight Review? 01/2003

Medical Cernt.: Class 2 | Medical Cent. Status: valid Medical-w/ waivers/lim. | Date of Last Medical Exam: (01/2003

sfight Time Matrix | Arac | TS | anguoaine samename | M0 | o Gemuiea | POt | ot | 3T
—tal Time 5763 122 1693 4070 1146

Pilot In Command(PIC) | 4685 121 1376 3309 1136

Instructor 2985 100 865 2120 593

Last 90 Days 51 24 27 24

Last 30 Days 18 5 4 14

Last 24 Hours 1 1
Seatbelt Used? Yes Shoulder Hamess Used? Yes Toxicology Performed? Yes |Second Pilot? Yes

Flight Plan/ltinerary

Type of Flight Plan Filed: ~, -0 VER

Departure Point | State | Airport Identifier} Departure Time |Time Zone
Mojave CA MHV 0832 PST
Destination | State Airport |dentifier

Local Flight MHV

Type of Clearance: Nope

Type of Airspace: Class G

Weather Information

—ree of Briefing: |, nown

Method of Briefing: Unknown
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NTSBID:  LAX04FA057

Occurrence Date: 12/4/2003

Occurrence Type: Accident

Weather Information

WOF ID | Observation Time

WJF 0856

Time Zone

PDT

WOF Elevation

2348 Ft. MSL

10

WOF Distance From Accident Site

NM

Direction From Accident Site

238

Deg. Mag.

Sky/Lowest Cloud Condition: Clear

Ft. AGL

Condition of Light: Day

Lowest Ceiling: None

Ft. AGL

Visibility: 10

SM

Altimeter:

30.19 "Hg

Temperature: 6 °C

Dew Paint; -6

°C| Wind Direction:

Density Altitude: Ft.

Wind Speed: 0

Gusts: 0

Weather Condtions at Accident Site:  Visual Conditions

Visibility (RVR): Ft.

Visibility (RVV)

SM

Intensity of Precipitation:

Restrictions to Visibility: No Obscuration; No Precipitation

Type of Precipitation:

Accident Information

Destroyed

Aircraft Fire: None

Aircraft Explosion None

Aircraft Damage:
ssification: U.S. Registered/U.S. Soil

= Injury Summary Matrix

Fatat

Serious

Minor None TOTAL

First Pilot

Second Pilot

Student Pilot

Flight Instructor

Check Pilot

Flight Engineer

Cahin Attendants

Other Crew

Passengers

- TOTAL ABOARD -

Other Ground

« GRAND TOTAL -

FACTUAL REPORT - AVIATION
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NTSBID: |LAXO4FAQ57
Occurrence Date: 12/4/2003

Occurrence Type: Accident

Administrative Information

Investigator-In-Charge (IIC)
Wayne Pollack

Additional Persons Participating in This AccidenVIncident Investigation:

Frank Motter

Aviation Safety Inspector
Federal Aviation Administration
16501 Sherman Way, Suite 330
Van Nuys, CA 91406

Dan Chandler

Flight Research, Inc.

1062 Flight Line, Hangar 161
Mojave, CA 93501

John Butler

Air Safety Investigator
Lycoming

Arlington, TX 76014
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4 Jun 30, 2005 Weather Reports and Records 2
5 Jun 30, 2005 Photo I - Atrcraft aft view i
6 Jun 30, 2005 Photo 2 - Aireraft right side 1
7 Jun 30, 2005 Photo 3 - Afrerafl front view |
8 Jun 30, 2005 Photo 4 - Aircraft lefl side |
9 Jun 30, 2005 Photo 5 - Empennage right side 1
10 Jun 30, 2003 Photo 6 - Empennage left side 1
11 Jun 30, 20035 Photo 7 - Nose cone bottom 1
12 Jun 30, 2003 Photo 8 - Nose cong top 1
13 Jun 30, 2005 Photo 9 - Rizht engine 1
14 Jun 30, 2005 Photo 10 - Left engine & propeller I
15 Jun 30, 2005 Photo 11 - Left & right propellers 1
16 Jun 30, 2003 Photo 12 - Cockpit 1
17 Jun 30, 2005 Photo 13 - Cockpit left side I
18 Jun 30, 2005 Photo 14 - Cockpit right side 1
19 Jun 30, 2003 Photo 15 - Throttle quadrant 1
20 Jul 01, 2005 NTPS Analysis of Radar Data 18
21 Jul 01, 2005 Derrinzer Checklist 1
22 Jul 01, 2005 Derrinzer Normal Procedures 9
23 Jul 12, 2005 AFM Excemts 44
24 Jul 01, 2005 NTPS General Brief Guide 3
25 Jul 01, 2005 NTPS Flieht Card 2
26 Jul 01, 2005 NTPS Student Enrollment Farm 3
27 Jul 01, 2005 Flight Instructor Biocraphy and Flight Logbook 33
{Extract)

28 Jul 01, 2005 NTPS Weight and Balance 1
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NTSB Deocket Contents
29 Jul 01, 2003
30 Jul 01, 2005
31 Jul 01, 2005
32 Jul 01, 20035
33 Jun 15, 2005
34 Jun 15, 2005
35 Jun 15, 2005
36 Jul 01, 2005
37 Jul 01, 2005
38 Jul 01, 2005
39 Jul 01, 2005
40 Jul 01, 2003

NTPS Flying Record

Student’s Flying Record

Major Kim's Flight Time (Korean Embassy)

D. Chandlers Contrel Tube Separation

D. Chandlers Control Tube Scperation, Attachment 1
- Elevator Control (1)

D. Chandlers Control Tube Seperation, Attachment 2
- Elevator Control (2)

D, Chandlers Control Tube Scperation, Attachment 3
- Elevator Control (3)

Radar Data (N86027J lat longs)

Radar Data (N8602J lat longs with calculations)
Toxicological Reports

Statement of Party Representatives to NTSB
Investigation

Release of Aireraft Wreckage, NTSB Form 6120.15
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FCRM APPROVED FOR USE THROUGH 7/31/86 BY OMB NO.3147-0001.

NATIONAL TRANSPORTATION SAFETY BOARD
PILOT/OPERATOR AIRCRAFY ACCIDENT REPORT
This form To Be Used For Reporting Clvil Alreraft Accidents
tnvolving Commercial and General Aviation Alrcratt
- Location it ey
Nearest CityNtace, State, 2 Code Duta of Accldent Local Time Zona | Elgvation At Accident Shte
. {24 HOUR CLOCK) Vs 57- - Foot MSL
Rosamonp o, 9IS60H 1 oeg vl D Ff 2| —Fet
¥ Tha Accidant Occutred On Approach, Takeo!! of Witun 3 Miles of A1 Arport, Complata The Following Inbormation 717 /<3
Proximity To Alrport )
1. On Approach 10 Within 172 Mila 5.71 Within 1 Mile 7.2 wWithin 3 Mies
20 Witdn 14 Mila 43 wWithin 24 M 6.0 Within 2 Mies 85 Hoyond 3 Milas
Airport Nama Airport ient Runwaytanding Surtice Conditons:
: 1.7 Direciore 30 widh: 5.0 Condition:
2.3 Lengt: 40 Surtace:
Phase Of Oparstion: J.:'/
10 Standing 3.0 Takeo¥ 5.3 Cruise 7.0 Approach ) Vb@
213 Taxd 40 cimb 80 Descent 80 Landing 10.0-#Ece OTTeFigh Occurrerce_ o/ OO MSL
Alcraft Information
Ragistration Mark Alrcraft Manufacturer Abreraft TypeMode! Sertal Number Cant Wax Grosa WT
. Dot 0GR ETe
N EwoyT Lo, o AR (@A (e, | D) 009 3050
1 Type Of Akrcraft R Type Of Alrworthiness Certificats Amzteur Dullt
38 aupane 53 Blimp/Didgitie T Normal 50 Restricted 10 Yes
2.0 Helicoptor 60 uUnrasight 2.0 wuility 8.L) Limited Lzﬂ No
30 Glder 7.0 Gyroplane 2. Acrobatic 70 Experimental
4L] Bakoon 8.3 Specity 471 Tanspan 8.0 Specity
fanding Gear No. Of Seats
~11.0 Teycis—Fined 40 Tailwheol—Ratractable 1.2 Skid FhghtTabin
=k tractable - 5.0) Tailwhee—felractable Malns 8J3 Limited lef&b‘__
3.0 Tallwheel—Fixad 601 Amphidian 9.1 Specity Pax _ 0O _
Etall Warnlng System installed IFR Equippad Engins Type
9 ves T ves 110 Rechrocating—Cattureror 30 Tuta Prop 50 TutoFen
2080 - 20 No 253 Rachreorating—Fue! injectsd 4] Tuto St 6.2 Tubo Shah
Engine Manufacturer Engins Model/Serles Engine Ratsd Power ;yp- 01 Flre Extinguishing
Y _ 6 S, stemn Used
Lycorn NS IO 320-QIC 1..1 &% Horsepower
2. LlbaeThrust 2.5pecity.
Engine(s) Date of Mg, M1g. Serlal No. Total ma Tima Sinod Inspection Tima Since Overhaul
Engine Na. 1 L5720 -5en 93¢, Houts 7Y Hours S 79,4 Hours
Engine No. 2 L-S7%1-355R G0 . b Hous 2.4 Hours 579, Hous
Ending No. 3 Hours Hours Hours
Engine No. 4 Hours Hours Hours
i Type Of Maintenance Program Type Of Last Inspection Date Last Inspection Performed
[ TR Annual TS arnaal _eARy 1S 3eql MOY)
20] Manéacirer's hapection Program 2.1 100 Hows Time Sirice Last Lmspecton
:E Oc;‘-er A;pm:d inspaction Program{AAIP) 30 AAP 7.y Hours
ruous Arworthiness . v j Y Aifreme Tom T .
23 Spacty pin 4.0 Continuous Nrwerhiness o Hu'-ma_g-s .
Emergency ELT Manufacturer Model/Serics Serlal Number Battery Date
mm K aRco ELi |o 7o} (WD) D~37~0) |
(ELT) Switch Oparatad Alged In Igent Location
10on 220 ?53 Armed Yes 20No 1.0 Yes No
Registercd Aircraft Owmer address _ $0D. n), W1eRT.CT
DAC MHold.nes Tuc, apdmisereS O, J94ni- 180
Operator Of Alreraht Address
1.0 Same As Reglotered Owner L 1.2 Same As Registared Ownor . .
2. Name TMAT oA TesT PUST ScHoo) 2030 FlL.quiy.ae 22
3.085: MO TAN . YT 0}

NTES Form 4120173 (118T) This Foms repiaces hTSE Formall 1291 {rea 1Ty and §120.2 [Ree AWTT)




Qwwer / Qperator information (cont.)

Oporator {Cartihcate Numbar) Operatr Designator (4 Letter Designator)
Purposa Of Flight And Type Of Oparation
Ragulation Fllgt Coaductor Under Cperator Authority FAR 121,125,127,128,135
TS FARSY (ony) 40 FAN 121 70 FAR 123 FARI2 FAR 133 Ravenue Operations
200 FARSID 50 FAR 125 8.0 FAR 135 1.0 Domessc 6.0 Rotorcratt 1.0 Schetuad
10 FAR 103 &0 FAR 120 9.0_FAR 137 2] Flag Extornal Load 2] Non Scheduled
Purposs of Flight 3 Supplementl % mﬁc
L‘t'g Personal .0 Aeral Observation FAR 135 7.3 Large Alrcrah 5.0 Passenger
Businoss 7.3 Cove ok Uso T oroemana T £Q Cargo
ﬁ S scoorale :8 PG Lso s Commur FAR 129 7. Spactty
.0 Asral Applicaion 10.0) Positoning 8.0 Foreign
Pliot Information
Pilot Name Nationality
Y. J,
Cartiticate (s)
1.0 Studert 1.8 Commercial 5.2 Flight Instrucior 710 MEmry 900 Nons
20 Privaw 4.0 nidine Trarsport 6.1 Flight Engineer 8.2 Foreign 10.Specify.
Rating (s) Instrumant Rating (s) nstructor Rating (s)
10 6.0 Helicopter 1.3 None 1.9 None 6.0 instrument Akplane
2.229?135 Engine Land/A 777/ 7.0 Gider 2Q Arptans 20 Alrplane SE. 7L] irsyunent Helicopler
3L Singis Engine Sea 8.0 Frae Balloon 3.01 Helicoptar 30 Airplane M.E. 8.0 Ground inatructor
40 utengine Comnm) 9.0 Airsnip 43 Helicopter 9.0 Specity_________
5.0 Muengine Ssa 10.Q Qyroplana 0 Gider
Type Ratinga/Student Endorsemaents Date Of Blennlal Filght Aevlew (BFR Alrcralt
A-707 73-737 or Equivalent (WO/Y) 1. Moke A/jee%é‘
5 -0 )] }7/0‘5 Model (e
Medical Cortificate Date Of Last Modical Umitsdons folde~ NalT 1 ses J Cats Of Birth (MIVY)
1.0 Nove 35 Crass 2 (MD/Y) vre e lenwss Tam A sPrad Fpccn 1/i%'on
20 Ctass 1 80 Class 3 / [ Walvers
otjofo 3 —
Degree Of Injury Sest Occupled 7 . Person At Controls At Timae Of Accident
1.01 None 1.0 Lett 4.0 Feont ; ,
e BEHn i8R fiEEoncmw 10 meen
33 Foag 300 Centar 313 Bomn Piots
Seat Ban Shoulder Harness Shoulder Harmess 32:}# Of Pilot Fiight Thne Informatlon
;J.;d — | Available _fused 1 0;01 L;,“g‘ﬂ . ;g gomp;;nv
H Yes TS Yeu T8 vas ' araiors Lsima - peci
20 No 20 No 20 No 35) FAA Records
This Mako| Arplane Alrplane Instrument Lighter
Fiight Time Al A/C | & Modet | Sirgle Engire| Multiengine Night | Actual  Simulated] Rotorcraft | Gllder Than A¥
Tota} Time $S7eA /22 1T /69 531 Yool /146 | Roo Al [T
Pilot to Command (PIC) [ 231/ f [ {7 SC] D3S0qQ /36 [ernlerporn -
fnstuctor 27 Qo1 FCsT2/20] SGT lanknwa
This Make & Model i — e e -_
Las? 80 Days S }L(— 277 2 [7A — —— S~
La6t 30 Daye 1y S L 1Y — —_— el
Last 24 Hours "/ — — / — —— i ]
Second Piot information N
Sscond Plot Responsibilitiss At The Tima Of Accldent
1 Co-Pilat 2.5 Dual Studem 3.0 Satety Piat 4. Check Pilot 5.2 Hone {(Piol-Rated Passenger)
Pliot Name ] Pilot Certificate No. Ak R AR AR S peper—
Nyer Choon gin K e Bor Lo e Pulfn] SeE Ol Lo S0 apl (3 DU (o can
Contificata (s) 7
1.0 Student 30 Commercial 50 Aight Instructoe 78 Mty Kereon §Nona
20 Private 4.0 AMtine Transport 6.0 Fight Engineer 8.LF Forsign ‘. 10.Specity.
#
. [ore
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Second Pilot inlormation {cont)

Ratng (s} Instrument Rating {s) Instructor Rating (s)
1L) None 6.0 Helicopter 1.0J_None 1.0 Nome &0 nsrument Airplane
210 Single Engina Land 7.2 Ghder 2t A 20) Alplare SE. 70 nsrument Helcopw'
3.0) Single Englne Sea 8.3 Froe Baltoon 3.0 Helloopter 30 Arplane ME. { 1] tnaructor
40 Mutenging Land 9.0 Airship K ean Aic Fore |40 Holicopter 9. . ’J
S0 Muitiengine Sea 105 Gyroplane =/ Zrs T vuna? L1 s Qider A Fong (- -Th LgTinnty
Ratin tudent Endorsoments Date Of Blennial Flight Review , [BFR Alrcratt .
Wr o= . £ or Equivatent (M/D/Y) 4> A’f,‘/f 1. Make o/ dal
S A Korewn Air Forie Korerms 3ot ore 2. Modal
Medical Cortificate Dam Of Last Medical Limiations Dats Of Birth (WDVY) |
1.0 Nore 10 Class 2 () :
272 Clase 1 40 Class 3 U A Krensrn Waivers J—
V&7 e ferce biveen A'r Foree
Degree Of injury Sest Dccupled
1.8 None al SROUS 1. Len 3.3 Center 50 Rsar
2.1 Minar ALY Famt 200 Rignt 4.0 Front
Seat Belt Shoulder Harness Shoulder Hamess o Lagbook 40 Com
Usad Availatis Used 1.0 Pat . pany
e g pee-d 20 Opeators Estmate S Specity_Fudent™
203 No 29 o 20 No 3.0 FAA Records &‘k]fwﬂ/ Tafe d, er'f
This Make| Asplarm | AJrplans Instrument v Lighter
Flight Time AN AXC | & Model | Singls Enaine | Muhtiengine Night | Actual  Simulated] Rotorcraft | GEder Than Ale
Tatal Tima [ t5” [no St SY2 | iy Erpern ﬁ(n»rﬂ —
Pliot in Command (PiC) _ lehe kpard —— | Unbnpurnd { /<o ] N
Instructor r—I,J(.‘!\ — 1ty Frevd (o) T T—
This Make & Modal N L - v
Last 90 Days it Kovr] —— 16 Ker) /2 S .
Last 30 Days Yof | — |1 2% yays M N/ -
Last 24 Hours 2l | — 1 0771 120 A hd — o~
Personnel — AL v
Hon- Non-
Name Sant Address (CRty & Siate) Crew [Ravenue|Revenue| Occupant FAA | Fotal Serlous Minr None
1.
2
3.
4.
5.
6
Flight Hinerary Information
Last Deparusra Fotnt Time O1 Departure Destination Flight Pian Filad
1. ArponD __ KM HV 1.Tma OF 32 (é_.) vapotio _ZINH Y 1.9 Tone 40 VFRAFR
2. City/Place Py 2. City/Place_ /14 @ \r¢ 2. vFR £.0) Company (VFR)
3 State 1% rata___|2.Timezona A2S7 3.5ate .c‘pﬁgu_q_ 392 IFA 8.0 Milkary (VFR)

I Weathor Was involved, State T Weather Briefing Was Obtalned or i Weather Reports Wers Checked And How i Was Accomplished

W@%‘c’ /107( ped 54( 7é/-,' C/(d'/; ‘//"S 75'/h,l¢5 "/‘/ Pg?. ﬁ(f'écl/’-hc‘ev__

Page 3

Fuesl On Board At Last Takeott Fual Type
< Gahons .0 soa7 47 1157145 7.Spaclfy.
or 223 100 Low Lead 500 JetA
Pounds 3.0 w0120 6. Autmotve
Cher Services, i Any, Prior to Departure
Weather Information At The AccidentSits X orme o0 on ~f fig AF—
Sowte Of Weather Information Lith Caondition / Visibility Tomp “F'
(PlloVOperator, Weater Observation} 1.0 Dawn 3.3 Dusk 5.0 Dark Night ~
. 243 Dayight 4} Bright Night Z)_’LMnu g O
eV Cp
7




“Weathes Information- At Tha Accident SR (cont.) T A

S resinani T b
Dew Point Alllmetes 8kyL.owesl Cloud Conditlon
Setting 1.8{:“: LE]) Overcast Feot AGL
el Scattered___ = Feot AGL 5[] Partial Obscuration
30 1 30-)/ “Hglal Broken_______—_ __Feal AGL 8.0 Dbscured
,"D,""e;m i Resuiction To Ymiblitty Type Precipiabon | intensity Of Precipitation
" Vaslootty . 13 Light A0 Heavy
iGush __’é: rNone Alon S |20 modents 4,.Spacity.
Tu Multipre Entry)
1 » 20 Light 3.0) Moderate 42 Sewre 80 Exvreme &2 Clean Air 710 in Clouds
Damage To Aoreft And Other Property N9 /g e 7o ForrpnerTr: " On Geguef..
Degrea Of Aircraft Damage o 7 AFice
10 None 20 Minor 30 Subswiangal }‘8 Destroyed 1.0 Yes 3. in-Flight
53 No 411 On Ground

Description Cf Dmmage To Aircraft And Other Propert
Aer Cra ﬁ'/‘zdff‘r/ 74 e

M/?Cly Vd e A?éb‘r & /‘A&(‘?L-

/ ﬂl_/fcxln/ Anoog ‘[‘/(7, ;ﬂ/‘n.

Mechanical Malfunction Fallure

18 o

20 Yea List The Nama O1 Tha Part, Manufacturer, Part No., Sarial Na,
And Describe Tha Failure

ﬁ"f"nﬁ-ﬂ')’ /‘mve_r/‘;);)ébn f“CVoA'/
A 4/4"’4 ALCAnrfa/ ﬁ(‘ﬁfrc

On Part Al Overhaul
Hours —  Hours

Culision Accident_ 1) | o

|t Collision Accident Oocurfod, Compiats The Information For Other Aircraft

[Registration Mark Alrcraft Manutaciurer Alrcraft Typa/Model Degree Of Alrcraht Damage
1.0 Destroyed 329 Mipor
2.3 Subsantel 40 None
Reglatered Alrcraft Owner Addreas
Pilot Name Address Pliot Certincats No.

Evacustion Of Alrcraft Nlﬁ\

Assistance Recsived
1.0 Outside Person (s} 30 sids 5.0 Laddar
20 Auxiliary Lighting 40 Rope 6.L1 Spectly

Wethod Of Exit {Stete Approximate Rumbar Of Persons Using Each Of The Following
1. Main Door 2. Audllary Door —. 3 Emergency Exit

Recommendation {(How Could Thie Accident Have Been Pravented)

Operator/Ownar Sakety Racommendation (Optional Entry)

Puge d




* Additionsl FW‘GG‘; u‘.’:ﬁﬁ‘.u?-‘f\‘)\g\“,_,,;,-_-;_. .

- e
e L S

IR L
P e Y Lk

For Each Additional Flight Crew Member, Exclusive Of Cabin Attencsnts Compists The Following nformation
Name FAA Certificsta No. Address Tide
Cartificaie(s)

1.0 Swmdent 3.0 Commemial s.0 Fiight instructar 7. Foreign

20 Prhate 401 Airine Transport 6.0 Fight Engincor 8.Specity
Ratings/Endorsements Total Flight Time Flight Thne This Accident
Name FAA Centificate No. Address Tite
Certificata(s)

10 Student 3.3 Commertial 520 PFight tnstructor 70 Foreign

200 Priivaw 40 Airine Tansport £.0 Fiight Engineasr 8.Specity
RatingsEndorsements Total Flight Time Flight Time This Acclidant
Name FAA Certificate No. Address Tite
Cactificate(s)

10 Studant 3.9 Commercial 50 Flight Instructor 7.0 Forsign

241 Private 4.0 Aring Transport 6.0 Flight Erginear 8.Spacily
RetingaEndorsements Total Flight Time Flight Tima This Accident




Narrstive History Of Flight

Dascribe What Occurted In Chronological Order, The Clraumstances Leading Ta The Accidert And The Nature Of The Acodent. Describe The
Terran and Include a Sketch O Wrecka pe Distribugion If Portnent. ATazh Extra Sheets I Needed. State Poimt Of Depariyre, Tine
Cf Depariire, intended Destnabon Antd Services Obtained,

At 08:32 local time on December 4, 2003, Ron Bradley, a National Test
Pilot School instructor, and Major Cheongon Kim, a Korean Air Force
student test pilot, took off from Mojave Airport in a twin-engine
Derringer aircraft. Their flight was planned for one hour with a return to
Mojave. It was Major Kim’s first flight in the Derringer- a
familiarization flight. The flight profile consisted of climb performance,
cruise performance, level and turning stalls in the clean configuration, a
level stall in the landing configuration, a VMCA demonstration, a
single-engine climb performance demonstration and landings. At
approximately 0912, their radar track disappcared from Joshua
Approach radar at an indicated altitude of 3100 feet MSL. The ground
clevation at that location was 2650 feet MSL. They had not been in
contact with Joshua Approach and there was no distress call heard by
other aircraft or ground stations. No witnesses reported secing the
aircraft. The aircraft was found approximately three hours later by a
fixed wing aircraft and a helicopter search aircraft from NTPS. The
helicopter landed and the first crewmember to reach the Derringer found
both pilots with fatal injuries. The aircraft crashed in an uninhabited area
of the descrt. It was relatively intact and appeared to have been in a flat
spin at impact. The aircraft apparently departed controlled flight during
one of the familiarization maneuvers and entered a spin, possibly a flat
spin, from which recovery was impossible. Spins are prohibited in the
Derringer. Parachutes were not worn nor were they required.

1 Hereby Cartify That Tha Above Information Is Complete And Accuraiz 1o Tht Beat O] My Knowledge

Duta O This Report Signature oiPu@? T oE ”‘;;LN/ —
/r’(‘erhé’/ /{ Fro > 0. Silskr e P oF Eery Do ¢ A fot Seleaof,
Signswre Of Person Fillhg Report Other Than PllotOperator ’ 7 ~
1. Signature
2 Type Or Print Name
3.Tive
.. For NTSB Use Only =T
NTSB Accident Ho. Reviewed By NTSB Office Located At Hame Of Investigator Duie Report Recelved
LAXfA 057 LAY Waywg  folLace 12/18/03
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NATIONAL TRANSPORTATION SAFETY BOARD
Office of Research and Engineering

Materials Laboratory Division

Washington, D.C. 20594

April 13, 2004
MATERIALS LABORATORY FACTUAL REPORT Report No. 04-038
A. ACCIDENT

Place : Rosamond, California

Date : December 4, 2003

Vehicle : Wing D-1
NTSB No. : LAX04FA057
Investigator : Kristi Dunks

B. COMPONENTS EXAMINED
Two pieces of rudder control cable.
C. DETAILS OF THE EXAMINATION

The o pieces of cable contained a mating fracture. The other ends of the pieces
had been cut in order to facilitate removal and shipment to the Materials Laboratory.

Visual examination of the broken individual wire ends at the fracture with a bench
binocular microscope revealed that some of the wire ends had a slant fracture surface and
others exhibited a cup or cone appearance. The individual wires were necked down
(plastically elongated) adjacent to the fractures. All features on the cable pieces were
typical of overstress separation. There was no evidence of corrosion or wear.

James F. Wildey Il
Supervisory Metallurgist




Dunks Kristi

~ From: Eick Donald

—Sent: Friday, December 12, 2003 3:45 AM
To: Eick Donald; Dunks Kristi
Subject: RE: LAX04FAOS7 Mojave, CA

——0riginal Message~----

From: Eick Donald
Sent; Thursday, December 11, 2003 4:19 PM
To: Dunks Kristi

Subject: LAXCAFAQS7 Mojave, CA
Upper Air Data

The closest upper air data | was able to obtain was from Szn Diego/Miramar (KMYF), located approximately 120 miles
southeast of the accident site. The 1200Z sounding on December 4, 2003 provided the following data:

/

1,000 135/03 107 74
2,000 116/04 148 46
3,300 089/04 16.1 -15.7
4,000 060/04 15.1 -20.0
5,000 040/05 13.8 -251
5,700 020/05 124 -303
6,600 345/06 120 -33.0
7,400 315/08 12.0 -34.6

The sounding basically indicated winds light and variable below 6,000 feet with winds below 10 knots through 8,000
feet, | also looked at Vandenburg AFB and they also agreed, however | could not print them out due to formatting
emors in their reports.

Surface Observations

The nearest observations to the accident site was General William J. Fox Airfield, in Lancaster, California, at an
elevation of 2,348 feet msl. The airport was equipped with an Automated Surface Observation System (ASDS) and
reported the following conditions surrounding the time of the accident. Winds calm, visibility unrestricted, and skies
clear below 12,000 feet, and temperatures above freezing ranging from 2 to 10 degrees Celsius,

METAR KWIJF 041556Z 00000KT 10SM CLR 02/M06 A3017 RMK AO2 SLP230 T00171056 FZRANO
METAR KWJF 041656Z 00000KT 10SM CLR 06/M06 A3019 RMK AO2 SLP236 T00561056

METAR KWIF 0417562 00000KT 105M CLR 10/206 A3019 RMK AO2 SLP234 T01001056 10100
21028 51010

If any additional information is needed please advisc.

Don Eick
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Observations for MOJAVE, CA (MHV)

KMHV
KMHY
KMHV
KMHV
KMHV
KMHV
KMHV
KHMHV
KHHV
KMHV
KMHV
KMHV

0417512
0116457
0415502
0414507
0400502
0323452
0322457
0321502
0320457
03193272
0318462
0317462

00000KT
00000KT
00QOOKT
COC0OKT
Q00COKI1
06005KT
00CCOKT
04010KT
030101
03010KT
02008KT
C000CKI

40SM
40SM
405M
405M
405M
405M
405M
405M
405M
405M
40SM
40SM

FEW200
FEW200
FEWZ200
FEW200
BXN20O
BKN20O
BXNIOO
BKN200
BKN2(GO
EXNZ200
BXN200
BLN2CO

167
12/
10/
08/
16/
17/
177
¥
16/
16/
14/
13/

A3021
A2020
A3019
A3017
A3010
A3010
A2010
A3012
A3014
A3016
A3020
A3022

RMK 1AST
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Photo 2 - Achl right sde
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Photo 3 - Ach front view
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Executive Summary

An analysis was performed on the radar data obtained from Joshua Surveillance Radar for the
Derringer D-1 aircraft that was lost on December 4™ 2003 while performing a familiarization
mission for a test pilot candidate attending the National Test Pilot School (NTPS). The pilot in
command was an NTPS flight test instructor. The Derringer aircraft performance and flying
qualities were used in conjunction with the flight test card to correlate the radar data and the
flight test sequence. Correlation was within an elapsed time accuracy of less than one minute
and a distance accuracy of 1 to 2 nautical miles. Individual test points are identified for each
element of the flight up to the departure from controlled flight which resulted in a spin. The
flight path data in the spin was estimated from the radar position and altitude data and using the
spin characteristics of a typical Part 23 aircraft. The Derringer D-1 entered a spin in the power
approach (PA) configuration at approximately 6,000 fi indicated altitude and impacted the
ground after approximately seven turns in a flat spin. A sketch of the estimated aircraft flight

path is shown in Radar Map No. 3.



Analysis of the Radar Data Supplied by Joshua Radar
for the Derringer D-1, N-8602}
by Sedn C. Roberts, Director NTPS

I._Introduction

This analysis was requested by the NTSB accident board since the author was familiar with the
Derringer D-1 aircraft, had flown numerous similar missions in the aircraft with students and
also knew how the test pilot instructor on board the aircrafl typically conducted a training flight.
The flight under investigation was a familiarization flight for the student test pilot and his first
flight in the aircraR. The mission card for the flight is attached in Fig. 1 and shows that the flight
consisted of level flight performance, a stall series, a2 Voo demonstration series and a single
engine performance segment showing the effect of the landing gear and the flaps on simulated
single engine climb performance. The aircraft was airworthy and was within the weight and

balance limits as show in Fig 2.

Knowing the instructor test pilot, it has been assumed that the test scquence was followed with
the instructor pilot (IP) demonstrating the flight test technique (FTT) and the student test pilot
(STP) performing the (FTT). The exception to the above demonstration/performance sequence
would be the climb and level flight stabilized data points that the (STP) should be able to do
without a demonstration. The times estimated to perform each task are from the operational

experience of the author in performing the same mission.



n

Flight Path Analysis
Initially performed in January "04 and finalized in August ‘04

2.1 The take-off time of the Derringer was 0832 local time as recorded by the Mojave Control
Tower. The runway used was 26.

2.2 The estimated time interval (AT) to take-off, retract the landing gear and accelerate to climb
speed of 115 mph (100.0 KTS) is one (1) minute.

23 CLIMB

The climb rate at 115 MPH at 2500 RPM and 25 ins of manifold pressure (MP) is approximately
800 FT/min.

ESTIMATED DATA

The (AT) from 3000 to 6000 ft = 3000 = 3.75 MINS

300
[
The distance in the climb (AS) = Vmrue = —J;_( AT)=7.1NM
c

(Assuming a standard day and an average altitude of 4500 ft.)
Time of day (TOD) at the top of the climb estimated at 0837 HRS.
(1637 HRS Zulu)

RADAR DATA

The radar true airspeed was approximately 108 KTS.
The radar distance (AS) was 6.75 nautical miles (NM)

The estimated and the radar data are reasonably close, therefore it is reasonable to say that the

top of the climb (6,000 ft) occurred at point No. 2 on map No. 1 at 0837 HRS.




2.4 CRUISE DATA

1t is assumed that it takes 1.5 minutes to stabilize the aircraft at each speed and 0.5 mins to

record the data i.e. 2.0 minutes for each data point.

(a) Vi=140 MPH at 6000 ft, Vr=134 KTS, AT=20MIN AS=45NM
(b) ¥,=120 MPH at 6000 ft, Vr=116 KTS, AT =20MIN AS=39NM
(c) ¥i=100 MPH at 6000 fi, Vr=99 KTS, AT=20MIN AS=33NM
(d) ¥,=90 MPH at 6000 ft, Vr=90KTS, AT =20MIN AS=3.0NM
(e) ¥i=85MPH at 6000 fi, Vr=85.9KTS, AT =2.0MIN AS=29NM

Totals 10 MIN 17.6 N\M

The local time at completion of the cruise data is estimated at 0847 and is shown as point (3E) on

the radar plot map No. 1.

2.5 STALLS
The radar ptot shows the D-1 Aircraft is level at radar point 1 at 5700 ft or at the estimated point
(3E) at 6,000 it //,. At point (3E) the aircraft starts a turn to the right at 85-90 KTS (Radar 88
KTS and 5,700 ft) to a heading of 030°.

The estimated time of the turn is one (1) minute.

The estimated time at point (4E) is 0848 hrs local.

The indicated airspeed (V)) of 95 MPH as per the flight card equates to 82.6 KT J, and 88

KTS true airspeed. (The radar speed is 88 KTS)




2.5 (a) Once headed essentially northward, the first power off stall is performed at point (4E).
The stall configuration is landing gear up, flaps retracted with a one (1) KT/sec bleed rate from
1.3 Vean.

Stall speed (V) = 74 MPH (64 KTS)

AT =22 Secs

AS=05NM
Also, the aircraft would be descending about 1,000 fi/min.

.. Height loss/stall = 1000 ft X 22 =-367 f.
60

2.5 (b) The second clean aircraft, idle power stall, most likely by the student, occurs at point (SE)
which shows a right wing drop and recovery.

AT =22 secs
AS=05NM

AH =-367 ft.

This puts the aircraft at approximately 5,266 ft. The radar puts the aircraft at 5,200 fi.

Power is added and the aircraft climbs back to 6000 ft //, (5700 ft radar). Estimated rate of climb
(ROC) is 700 f/min, .. AH = 734 fi, AT = 1.1 min, ¥r=90KTS, AS=1L7NM

The top of the climb point (6E) or radar point (4) is 6000 ft H, (5700 ft and 88 KTS radar data)
Estimated local time at (6E) is 0850 hrs local.

2.5 (c) TURNING STALLS

[. IDLE POWER

Vinm 95 MPH, ¥ = 1 KT/sec, bank angle ¢ + 30 degrees started at point (6E) with a left turning

stall, followed by a right turning stall.

Rate of sink (ROS) = 1000/ft/min




AT about 22 secs/stall

AH per stall -366 fi.
Climb back up to 6,000 ft H, @ 700 f/min gives AT = 1.1 min, AS = 2.0 NM : Flight Path
essentially towards the west the climb is completed by point (7E)

Estimated local time 0851 hrs.

Il POWER FOR LEVEL FLIGHT

Turning stalls to the left and to the right, each at 30° bank angle. The power setting is
approximately 2500 RPM, 15" MP at 95 MPH at 6,000 ft. There is no altitude lost in power on
turning stalls and perhaps a slight gain (Radar shows an altitude of 5,800 ft.)

At a bleed rate (V) of 3 kts/sec about 9 secs/stall and allowing 10 secs between stalls

AT =30 secs. Stalls completed at point 8E, aircraft at 6,000 ft (5,800 fi radar). The aircraft was
accelerated to 130 kts true airspeed on a heading of approximately 210° then slowed down at
point (9E) to a slow airspeed of about 70 kts (90 mph) most likely to reconfigure the aircraft in
the power approach configuration i.e. landing gear down, flaps full. The aircraft speed was then
increased and the aircraft tumed to a northerly heading. Estimated local time at point (10E) is

0853 (16.53 Zulu).

2.5 (d) LEVEL FLIGHT POWER APPROACH (PA) CONFIGURATION STALLS

ium 90 MPH, airspeed bleed rate (V ) of one (1) KT/sce.

Point (11E) on Map No. 2 of the radar plot would indicate a stall approach most likely performed

by the instructor pilot to define the trim speed of 1.3 Vs prior to the stall.

Point (12E) looks like an instructor pilot demonstrated P.A. idle stall with a 30 degree heading




change to the right. The aircrafl was then accelerated up to at least 90 MHP and the aircraft most
likely handed over to the student to repeat the maneuver. The aircraft was climbed back to 6,000
ft H, (5700 fi radar altitude) prior to the stall.

Point (13E)} most likely is a student P.A. idle stall. The aircraft appears to recover straight ahead
then stalled again point (14E) in which the aircraft tumed to the right, was recovered, and then
stalled again at point (15E). The (15E) point would seem to be where the aircraft departed
controlled flight with a spin to the left Map 3 Radar data.

The next radar hit is point (16E) where the radar altitude is 5,200 ft or 5500 ft //, indicating that

by the time point (16E) was reached, the aircraft most likely had completed 1 Y tums in the spin.

Point (17E) 4.5 secs later than point (16E) at 4,500 ft radar altitude shows that the aircraft lost
700 ft in 4.5 secs and most likely had turned about 1 Y2 to 1 % turns in the spin.

Point (18E) is 4.8 secs later than point (17E) and at 4,000 ft radar altitude which is most likely

1 Y2 turns of the spin.

Point (19E) is 4.78 secs later than (18E) and 500 ft lower at 3500 ft most likely 1 V2 tumns.

Point (20E) is 4.8 secs later and 600 ft lower at 2900 ft indicating about 1 ¥2 tums.

The impact point (21E) is within 0.15 NM from last radar hit and probably took another turn in
the spin, assuming the crash site elevation is approximately 2600 ft.

The total number of turns in the spin is estimated at 7 to 8 turns from departure to impact with an

average altitude loss per tum ranging from 380 ft to 450 fi.




3. Comments

1. The reconstructed flight path determined from the test card is very close to the radar data.

The time difference is less than one minute and the distances within one to two nautical miles.

2. The blue line (dotted) on Map 3 is the final flight path as determined by ATC radar data prior

to impact. The time between each radar hit is reasonably consistent at 4.8 seconds. To
accomplish the suggested radar flight i.e. with the loss of altitude, the aircraft would have to be
in a spiral dive with a sink rate of approximately 8,500 ft/min. Such a steep nose down spiral
dive would have resulted in severe overspeeding of the landing gear and the wing flips and
would have resulted in ground impact of at least 40 degrees nose down pitch attitude which was
not the case upon examination of the impact damage to the aircraft. In addition, a spiral dive is
an incontrol maneuver, easily recognized by a pilot and easily recoverable with normal pilot
actions.

3. A question arising from the analysis is “Why did the student stall the aircraft three (3) times,
departing controlled flight on the third stall?” Note, these three stalls occurred within a 20 to 24
second time frame. It should be noted that the clean configuration i.e. landing gear and flap
retracted, idle power stalls, ref, (4E) 1.P. demo and (5E) student is very benign in that with full
aft yoke, the aircraft stalls, recovers by itself, then stalls again in a purposing type motion with
little or no wing drop. These benign clean stall characteristics may have convinced the student
that holding the yoke full aft would be a reasonable approach, despite the briefing from the
instructor pilot and the demonstration by the IP on the first P.A. configuration stall which
requires an immediate unloading of the wing by rapid forward motion of the yoke. Most likely

the instructor was also on or close to the yoke on the first stall and assisted in the forward yoke




motion resulting in a straight ahead recovery. Once recovered, the IP would have most likely
released the controls in which case the student stalled the aircraft again, perhaps inadvertently or
deliberately to see the stall again. On the second stall the IP would be slower to respond, since it
was unexpected, resulting in a recovery but with 70° heading change to the right. Ref. Point
(14E). Perhaps the student did not like the instructor pilot assisting in the recovery and insisted
or inadvertently stalled the aircraft the third time ref. point (15E) which resulted in a departure
from controlled flight and an ensuing spin. This scenario means that the student did not respond
to oral commands by the instructor pilot and perhaps more than likely overpowered the
instructor’s input to put the aircraft into the third stall which resulted in the spin. The instructor
pilot was very meticulous in strictly following the test card which allowed one stall by the
student, not three.

In preflight briefings, each student understands that if the aircraft departs controlled flight, the
instructor pilot will command “I have it” which means that the student pilot must relinquish the
controls, in which case the instructor pilot could have recovered the aircraft. Obviously either
due to communication problems (i.¢. 1anguage skill deficiency} or stubbomnness or
aggressiveness by the student, he did not relinquish the flight controls and put the aircraft into 2
stall and spin despite any actions on the part of the instructor. This was the situation when the
aircraft impacted the ground i.e. both side of the yoke were broken off on the instructor side and
left side of the student’s yoke was broken off which means the student and the instructor pilot

were wrestling each other for control of the aircraft.

The question is “Would this accident have happened if (a) the instructor pilot was flying the

aircraft solo or (b) If the student had followed the instructor pilot’s command of “I have it”. The

answer is no. The instructor pilot had flown this mission with the author who checked him out




on the zircraft and performed the same familiarization mission with absolutely no departures
from controlled flight. In addition, the instructor pilot and the author had flown identical

familiarization missions with many students without incident.

12



List of Fipures

. Mission card for the Derringer D-1 Fam Flight.

. The weight and center of gravity of the aircraft at taxi.

. Radar map No. 1

. Radar map No. 2

. Radar map No. 3
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I Mission:

D-1 DERRINGER FAM

STTO_BRIEF MATCHING MPs ONT.0.)
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Weiptt: TG, [ Fud - A .
dreqe o Jom# ] Auspace:

CLIMBOUT AT 105 MPH THEN 115 MPH

CRUISE PERFORMANCE (trim shot for 30 scc)

VYhim Hyae Vi KT RI’M/FF
140
120
100
90

85

STALLS

Level flight, clean confg., idle power, 1 kt/see, Viim 95 mph

Turning 30 bank left/right, clean, tdle, 1 kt/scc, Viim 95 mph

Turning 30 bank left/right, PLF, 3-5 kt/sec¢, Virin 95 mph

Level flight, PA config., idle, 1 kifsec, Viim 90 mph

Vrmca DEMO (predicted 85 mph)

Clean config., one engine idle/one max RI'M & full throttle

Decel to Vaca (wings level/zero SS/5 deg bank)

SINGLE ENGINE CLIMB DEMO (hold 110 rapb)

fa %’}"Es 1 (T4 R

Tt [L veel )
.22

€37

g4
24¥
252
gL
953

I’A config., one engine idic, one engine max RPM & full throttle
(note VVI), raise flaps (note VVI), gear up (note VVI), 9" MP

on idle engine (simulates feather, note VVI), cluose cowl flap on
bad engine (note VVI), zero SS (note VVI), 5 deg bank (note VVI)
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N8602J

as of 28 Sep 02

Weight (lbs}

D-1 Derringer Wt & Bal

Fuel: 88 gal max, @ 6 Ibs/gal

item Weight (Ibs) | Anm (in) Moment
Empty A/IC 2,246 91.2 204,835
Pilot 150 a7 13,050
Copilot 140 87 12,180
Main Fuel 350 92 33,120
Fwd Bag 0 26 0
Aft Bag 0 136 0
TOTAL 2,896 90.9 263,185
21.8% mac
3,100 ——r=  memm e e e
3,000 - -
2.900 ——- ey -
2.800 hmribemiee e re wia —_— -
2,700 - — .
2,600 <= - - - SR
2500 -~ ~ S m e e e
2400 - -— - -
2,300 -~ - - -
2200 - === b0 e e e e e e peee s
89.0 895 900 905 910 915 820 925 930 935

CG (in aft of datum)

= C} 2.
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D -1 DERRINGER

3/5/2003
NORMAL PROCEDURES

PREFLIGHT INSPECTION (COCKPIT & EXTERIOR)

Canopy - Open

Fuel Shutoff Valves — On/On

Landing Gear Lever — Down

Battery Switch—On

Flaps — Down

Exterior Lighting — On and Check

Battery Switch - Off

Left Wing Flap — Visually Check

Left Fuel Cap — Remove & Visually Check Fuel
. Left Fuel Sumps — Drain
. Left main Gear/Tire ~ Visually Inspect
. Left Engine — Check Oil, Cowl, Prop, Etc.
. Nose Gear/Tire — Visually Check
. Right Engine — Check Qil, Cowl, Prop, Etc.
. Right Main Gear/Tire — Visually Check
16. Right Fue! Sumps — Drain
17. Right Fuel Cap — Remove & Visually Check Fuel
18. Right Wing Flap - Visually Check
9. Right Empennage — Check
20. Horizontal/Vertical Tail Surfaces — Check
21. Left Empennage — Check

VRN sLN -

BEFORE STARTING ENGINES

Exterior Inspection — Complete

Seat belt and shoulder harness — Fastened
Emergency Gear Lowering Handle - Stowed
Radios and electrical equipment — Off
Circuit Breakers — In

Landing Gear Handle - Down

Throttles — Idle

Propellers - Full Forward

. Cowl Flaps — Open

10 Mixtures — Idle Cutoff

11.Fuel Sclectors — On

12.Canopy — As Desired

O ONAULDWN —~




STARTING ENGINES

1. Battery Switch —On
2. Radio Master Switch — On/ Check Intercom

Cold Start

3. Mixtures—In

4. Left Boost Pump ~ On until fuel flow stabilizes
at approx. 2.5 GPH

Throttle — 1/4 Inch Forward

Start Switch — Engage

Throttle — 1000 RPM

Left Generator — On

9. Engine Instruments - Check

10.Repeat for right engine

11. Radios— On

12. Rotating Beacon — On

13. Transponder - Stby

P

Hot Start ‘
3. Left Throttle — 1 Inch Forward
4. Start switch — Engage

5. Mixture — Idle cutoff until engine starts, then full rich

6. Left Throttle — 1000 RPM
7. Left Generator — On
8. Engine Instruments — Check

Repeat for Right Engine
9. Radios—0On

10. Rotating Beacon — On
11. Transponder - Stby

TAXIING

. Canopy — Locked in “Taxi” position or closed
. Brakes — Check
. Nosewheel Steering — Check

P " UG T N,

. Tum & Slip Indicator and Compasses — Check for movement



BEFORE TAKEQFF

1.

Flight Controls - Check

2. Right Engine — 2000 RPM ( DO NOT RUNUP ENGINE

WRNANDB LN~

UNTIL OIL TEMPERATURE IS IN THE 77°C)
a. Prop — Retard Until Approx. 200 RPM Drop (DO NOT
PLACE IN FEATHER)
b. Magnetos — Check (150 RPM Max drop)
Repeat For Left Engine
Radio Master - On
Battery — On
Generators — On
Boost Pumps — On
Propellers — Full Forward
Lights — On As Required
Engine Instruments — Check
Mixtures - Rich

. Flaps — Full Down Then Full Up

. Trim - Set For Takeoff

. Transponder — On/Alt ﬁ\
. Canopy — Closed and Locked

. Canopy Seal Switch — On (Aft)

TAKEOFF

PENIN BN -

Lineup — Check Heading Indicators, HSI, and Caution/Waming Lights
Throttles — Smoothly Advance to Full

Rotate — 90 MPH/78 KTS

Liftoff — Approximately 100 MPH/87 KTS

Gear — Up when positive rate of climb and landing cannot be made
Accelerate to “Blue Line” (110 MPH/95 KTS)

Throttles — 25 inches

Propellers — 2500 RPM
Vy =115 MPH/100 KTS Vx =105 MPII/91 KTS

CRUISE

I
2.
3.

Boost Pumps — Off (Above 2000 ft AGL)
Manifold Pressure, Prop RPM, Mixture — As Desired
Cowl Flaps — Closed



BEFORE LANDING

. Mixtures — Rich

. Props — High RPM

. Boost Pumps-On

. Landing Gear — Down

. Wing Flaps — As Desired

Downwind - 130 MPH/115 KTS

Base - 120 MPH/105 KTS

Approach - 120 MPH/105 KTS Flaps Up
100 MPH/87 KTS Flaps Down

AFTER LANDING

g

Landing/Taxi Lights — As Required
Wing Flaps - Up

Trim — Set For Takeoff

Cowl Flaps — Open

Boost Pumps — Off

Transponder — Off

SHUTDOWN

0.

Parking Brake — As Required
Electrical Equipment — Off
Props — Full Forward
Mixtures — [dle Cutoff
Magneto Switches — Off
Generators - Off

Battery — Off

Radio Master —- Off

Canopy Seal Switch - Off
Canopy - Open




LIMITATIONS

ENGINE:
OIL TEMP: MAX 245° Fr118° C

NORMAL 120 -245° F/49°—118° C
CAUTION 60-120°F/16°-49°C

OIL PRESSURE: MAX 100 PSI

MIN 25PSI

NORMAL 60 -85 PSI

CAUTION 25-60 PSI
85-100 PS1

CYLINDER HEAD TEMP:
MAX 500°F
NORMAL 200-500° F

TACHOMETER: MAX 2700 RPM
NORMAL 2000-2700 RPM

VACUUM:
NORMAL 4.95-5.20 IN. G,

AIRSPEED:

Vg =252 MPH Vno =200 MPH Vi=170 MPH
219 KTS 174 KTS 148 KTS

Vee =135 MPH V=170 MPH
117 KTS 148§ KTS

Vumca=85 MPH Vi1 =80 MPH Vso= 72 MPH
74 KTS 70 KTS 63 KTS

LOAD FACTORS:
CLEAN +3.83TO-15G’S

LANDING +20TO 0G’S
CONFIG




EMERGENCY PROCEDURES

ENGINE FAILURE TROUBLESHOOTING

Maintain Aircraft Control

Throttles — Full Forward

Mixtures — Full Rich

Fuel Boost Pumps — On

Fuel Pressure — Check Slight Positive

Fuel Shut Off Valves — Check On (Observe Fuel Flow Reading)
Trim Aircraft

Cowl Flaps — Open

Fuel Quantity - Check

10. Magnetos — Check On

11. Oil Pressure and Temp — Check in the Green

12. If Engine is Restartable — See AIRSTART PROCEDURE

13. If Engine is Not Restartable — See SINGLE ENGINE OPERATIONS

VHINALEWDN -

SINGLE ENGINE OPERATIONS

A. OPERATING ENGINE

1. Throttle - Full Forward

2. Maintain ~ Airspeed and Altitude (85 MPH/74 KTS

Redline Min,Vysg=110 MPH/96 KTS, Vxse=100 MPH/87 KTS)
3. Bank —2 Degrees into Good Engine

B. INOPERATIVE ENGINE

Prop — Feathered

Throttle — Closed

Mixture — Idle Cut Off
Ignition Switch — OfF
Fuel Boost Pump - Off
Fuel Shut Off Valve - Off
Generator Switch — Off
Cowl Flap ~Closed

NN BRWN =

SINGLE ENGINE LANDING PROCEDURE

. Maintain — Min Controllable Airspeed (85 MPH/74 KTS Redline Min)
2. Do not Lower Gear and Flaps Until Landing is Assured



AIRSTART PROCEDURE

9.

. Fuel Shut Off Valve — Open
. Generator Switch—-0On
. Airspeed - 130 MPH

1

2
3

4. Prop —Full Forward
5.
6
7
8

Throttle - Idle

. Mixture - Idle Cut Off
. Ignition/Starter — Engage Until 700 RPM & Windmills
. Mixture — Slowly Enrich by Tuming Vernier Knob to

Prevent Over Rich Mixture
Engine Running — Surge to 2700 RPM & Change In Yaw

10. Throttle & Prop — Idle to warm Engine
11. Cylinder Head Temp and EGT - Check for Rise
12. Cowl Flap - Open

ENGINE FAILURE DURING TAKEOFF, BEFORE ROTATION

1.
2.
3.

Abort
Throttles — Close
Brakes — As Required

ENGINE FATILURE DURING TAKEOFF, AFTER ROTATION

LRXNALNE LN -

Mixtures — Full rich

Props — Full Forward

Throttles — Full Forward

Landing Gear — Up

Inoperative Engine — Determine

Airspeed - 100 MPH/87 KTS to Clear Obstacles

Airspeed — 110 MPH/96 KTS Afier Obstacles Cleared
[noperative Engine- Feather

Inoperative Engine — Secure (Use SECURE ENGINE
OPERATIONS/B. INOPERATIVE ENGINE Checklist)




ENGINE FIRE, INFLIGHT

1.
2
3
4
5.
6
7

8
9.
10.

Throttle Good Engine — Full Forward to Maintain Airspeed & Altitude
BAD ENGINE

. Throttle — Closed
. Fuel Shut Off Valve — Off
. Prop — Feather

Mixture - Idle Cut Off

. Ignition Switch — Off
. Fuel Boost Pump Switch — Off
. Generator Switch — Off

Cow] Flap — Closed
Land — ASAP

ELECTRICAL POWER MALFUNCTION, INFLIGHT

PNANELN -

9.

10.
1.
12.
13.
14.

Radio Master Switch — Off

Battery Switch — Check On

Generator Switches - Off

Electrical Systems — Off

Either Generator - On

AMP Meter Selector Switch — Select Operating Generator

Generator AMP Output — Check Normal

If Load is Good & No Sign of Malfunction, Opposite Generator — On
AMP Meter — Select Opposite Generator

Generator AMP Output — Check Normal

[f Either Generator Bad - Tum Off

AMP Meter — Select Battery

Battery AMP Output — Check

If Load is Bad - Battery Off

TO BRING SYSTEMS BACK ON LINE

15. All Electrical Switches — Insure Off

16. Master/Radio Master Switches — On

17. Selected Systems — On, One At a Time
18. Electrical Systems Load — Min Practical




PROP OVERSPEED

Throttles — Retard

Oil Pressure — Check
RPM - Set

Airspeed — Reduce
Throtiles — As Required

~
2z bl

2]

Throttles — Back

Spin Direction — Determine (Turn Needle)
Rudder - Opposite Spin Direction

Yoke — Forward As Required

Ailerons — Neutral

Recover With Smooth Control Inputs

QB wN—

EMERGENCY DESCENT

Throttles — Closed

Props — Full Forward

Mixtures — Rich

Gear— Down at 170 MPH/148 KTS

Pitch — As Required to Hold 170 MPH/{48 KTS

4

NO FLAP LANDING

1. Same as Normal Landing Except Stall Speed is 80 MPH/69 KTS
& Final Approach Speed is 120 MPII/104 KTS
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' . . reroat o, RD1-16
Wlﬂg AIRCRAFT COMPANY 183UE "DATE

RIYISION OATE

PART I

FAA APPROVED AIRPIANE FLIGHT MANUAL

WING AIRCRAFT MODEL D-1

THIS AIRPLANE MUST BE OPERATED IN ACCOQDANCE WITH THE
LIMITATIONS HEREIN PRESCRIBED.

THIS DOCUMENT MUST BE KEPT IN THE AIRPLANE AT ALL
TIMES.

SERIAL NO. 009

REGISTRATION NOo, N 8{502 J

Aircr&ft Engineering Division
Western Region .

Federal Aviation Administration
Department of Transportation

Date of Approva’ltzdﬂ? 59

- -

B-a04Y

Part Title . o RD1-16
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"REPORT N0, RD1-16

WIng AIRCRAFY COMPANY ISSUE DATE
REYISICON CATE

SECTION 1:

PART I
AIRPLANE FLIGHT MANUAL

.

LIMITATIONS

The followlng limitations must be observed in the oﬁeratibn of this

alrplane;

Engine .or Two Lycoming Model 10-320-CIA
Engine Two Lycoming Model I0-320-BIC

Engine Limits For All Operations: .
2700 RPM - 160 HP — Full Throttle

© Fuel 100/130 Octane minimum grade aviation gasoline W

Propeller Two { 2) Hartzell Model HC-C2YL-2RB/8459~18

Full feathering, constant speed.
Pitch settings, High 78°

Low 13,59 at Propeller Station 30".

" Power Instruments

0Qil Temperature : '
Maxdimum - 245° F
" Normal - 1200 - 245° F,
Caution’ 60° ~120° F.
Oll Pressure
Maximum , © 100 PSI
Mintmum : 25 PSI
Normael 60 -85 PSI

Caution . 25 - 80 PH
.- and 85 =100 PSI-

Cylinder Head Temperature

( Red Radisal )
{ Creen-Are )
( Yellow Arc)

(Red-Radlal)l
( Red Radial )
{ Green Arc ) |}

( Yellow Arc )

( Red Radial )
( Green Arc )

{ Red Rad!al )
( Green Arc ) -

Maximum 5003 F.
Normal 200° - 500" F,
Tachometer . :
Maximum RPM 2700
Normal RPM 2000 - 2700
FAA Approved
Date: 1=-22=T1
Model D-1

a-avay

MeEl ¢F Partl
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REPORT MO, RD1-16

In AIRCRAFT COMPANY . ISSUE DATE -
] ' REVISICN DATE

VACUUM SYSTEM OPERATION

Normal operation, irdicator -should read 4,95 to 5,2 in, bg, In
event of a faflure, a day—glo red indicator button pops out to
signal fallure and {dentify falling source,

The vacuum pumps supply power to the instruments simultaneously,
Check valves automatically select the power source in case single
engine operation 18 required,

FAA Approved
Date: 1-22-71

Model D-1

R-dual

race2 of Partl




REPORT KO, RDI-16

mng AIRCRAFT COMPANY 1$SUE DATE
- REVISTON DATE

* MPH MPH
AIRSPEED LIMITS ) CAS LAS
i Never exceed {Vne) ] 252 252 Red Radial

Max. structural eruising (Vno) 200 200
Max. maneuvering (Vp) : 170 170
Max. flap down (Vfe) = - 135 135
Max. gear extension (Vie) 170 170
Max. gear operating (V10) 170 170
Min. control - single engine (Vye) 85 85 Red Radial
Stall - clean (Vg)) _ 79 80
Stall - gear and flaps down (Vso) 72 72
Best rate of climb - single engine (Vyge} 110 110 Blue Radial
Best angle of climb - single engine {(Vxge) 100 100 |

ARCS

~ Yellow Arc 200 MPH, CAS (Vpo) to 252 MPH, CAS (Vge)
Green Arc 80 MPH, CAS (Vg1) to 200 MPH, CAS (Vno)
White Arc 72 MPH, CAS (V5o) to 135 MPH, CAS (Vgo)

FLIGHT LOAD FACTORS
Maximum positive 3.8 E. clean

2,0 g. flaps down
Maximurmn negative 1.52 g. clean
.00 g flaps down

MANUEVERS
Acrobatic manuevers, including spins are prohibited.

MAXIMUM WEIGHT
It is the responsibility of the airplane owner and the pilot to assure

that the airplane is properly loaded.

Maximum take-off weight 3050 pounds
Maximum landing weight *2900 pounds
Maximum zero fuel weight 2800 pounds .

See Weight and Balance Section for proper loading instructions.

C. G. RANGE - Datum is front of nose cone Station 0. 00

FAA Approved
Date: JUL 251979

Model D-1

pace3 ofF Part i
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REPORT w0, RD1-16

AIRCRAFT COMPANY 1SSUE DATE

REYISICN QATE

C., G. RANGE (cort'd.)

PLACARDS

Welght Fwd., Limit Aft Limit
Pounds In. Aft of Datum In. Aft of Datum
2100 89,5 93,0
2400 83.5 93.0
3050 80.5 - 93.0

St ralght line variation between points given,

On the instrument panel in full view of the pilot.
" This alrplane must be operated as a
normal category airplane in compliance
with the FAA Approved Alrplane Flight
Manual, Acrobatic maneuvers including
splns prohibited, " I

On the baggage compartment side wall.
" Maximum baggage 250 lhs, For additional
loading instructions see Welght and Balance
data. n -

Cn right cockpit floor - near manual gear handle.
" To extend gear manually:
1. Gear handle in down position,
. 2, Pull landing gear motor circuit breakers ( 2)
3. Extend emergency handle beneath right seat
and crank counter clockwise, looking forward,
until Green Light is on, "

On top canopy next to canopy handle,
" Do not open canopy in flight, "

On instrument panel close to alrgpeed indicator,
" Max, gear operating and extended speed
170 MPH ( IAS) . "

Oz Instrument panel close to airpseed indicator,

" Max, demonstrated crosswind 17 MPH,

Min, control - single engine . 85 MPH.
Maneuvering . 170 MPH. "

On i{nstrument panel next to heater switches.
" Red overheat light on, turn off heater switches. "'

FAA Approved
Date: 1-22-T1

Model D-1

B-8451

pace 4 oF Partl




- . REroRT R0,  RDI-16
9 AIRCRAFT COMPANY L1330L oaTE
REVISION DATE

PLACARDS (cont'd.) |

On the instrument panel in full view of the pilot.

"This airplane is approved for VFR day and
night operation when equipped per Section 7

of Part II of Operators Manual RDI-16.

Flight into known icing conditions is prohibited."

On the instrument panel next to alternate static air
switch,

"Static Press. "
"Normal® PAlternate! .

On canopy side window,

"Airspeed, Altimeter and Vertical Speed
Indicators unreliable when using alternate
static source with side window open. "

FAA Approved
Date;JUL 2 51979
Model D-1 |

rice S of Partl
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Wlﬂg A'rjtcurr' COMPANY

REPCRT NO. RD1-18
ISSUE DATE -
REVISION OATE

ALTERNATE STATIC AIR SOURCE

Corrections to be applied when using the alternate static source.

GEAR AND FLAPS UP,

Alrspeed MPH,IAS 80 | 200} 120 | 140] 160 | 180 | =200
Alrspeed Correction(MPH) | 0 -1 | -3 -4 | -6 -8 |-8
Altitude Correction (Feety | 0 | -15| -35-] -60 | 80 | -130|-180

NOTE;

NOTE:

NOTE:

Alrspeed and altitude corrections are neglibible
with gear and flaps down,

The vertieal velocity Indicator is unreliable for
approximately 5 to 10 seconds after making any
change in the static source selector switch

position,

The alrspeed, altimeter, and vertical velocity
indicators are unreliable when using the alternate
static source with the side window open.

FAA Approved
Date: -1-22-T1

Model D-1

rageS.1or Partl




REPCRT 20. RD1-16

WIng AIRCRAFT COMPANY ISSUE DATE
REYISION CATE

SECTION 2:°

NORMAL OPERATING PROCEDURES

Only procedures considered unique to this airplane are
prescribed in this section. Conventional procedures,
although not prescribed, should nevertheless be followed.

EXTERNAL POWER RECEPTACLE (if installed)

. Use only for starting engines,
1. Turn master switch "OFF."

2. Engage external power plug to receptacle,

located on bottom of fuselage aft of wing.
3. After engines start, remove external plug.
4. Turn master switch "ON'",

TO CHECK ALTERNATORS PRIOR TO TAKE-OFF.
1. Left engine check, _
A. Turn right generater switch "OFF."
{located on instrument panel)
B. Turn selector switch to "LEFT GEN."
Alternator, if operating, will show
charge on ammeter,
Right engine check
A. Turn left generator switch "QFF."
(located on instrument panel)
B. Turn selector switch to "RIGHT GEN, "
Alternator, if operating, will show
charge on ammeter,
-NOTE:
.~ GENERATOR SWITCHES ARE TO BE ON AT ALL
" TIMES EXCEPT TO CHECK GENERATOR OPERAT-
ION, OR IN THE EVENT OF MALFUNCTION.
(see Emergency Procedures)

BEFORE TAKE-QOFF

A. Fuelon

B. Fuel pumps on (aux,)

C. Mixtures rich

D. Cycle props at 1900 RPM
E. Cowl flaps open

F. Engine gauges normal

G. Trim set for take-off

H. Flaps set (0°)

I. Seat belts fastened.

FAA Approved
Date JUuL 251979
Model D=1
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rerert 0. RD1-16

Wlng AIRCRAFT COMPANY 1SSUE pATE
REVISION DATE

BEFORE TAKE-OFF (cont'd.)
J. Seat locked
K. Canopy locked
L. Controls free
M. Propellers set (high RPM)
N. During take-off apply power smoothly

CRUISE
A. Fuel pumps off
B.  Manifold pressure, prop rpm, fuel
mixture as desired.
C. Cowl flaps closed

T A. Mixtures rich
B. Props set (high rpm)
C. Fuel pumps on (aux.)
D. Landing gear down and locked
E. Flaps as desired

CIRCUIT BREAKERS

Circuit breakers are provided for the
protection of the electrical system and
are located beneath the instrument panel

STALL AND GEAR WARNING HORNS

Stall warning and gear extension warning
horns are inoperative with the master
switch "OFF. "

GEAR EXTENSION - MANUAL

A. Gear handie in "DOWN" position.
B. Pull out L.C. motor circuit breakers. (2)
C. Extend handle under front of right seat
and crank counter clockwise looking forward
until Green Light is "ON". -

FAA Approved
Date JUL 251973

Model D-1

R-104Y
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AIRCRAFT COMPANY

rercet xo,  RD1-16
133VE DATE
REVISICN DATE

SECTION 3: EMERGENCY OPERATING PROCEDURES

SINGLE ENGINE.
1. Operating engine: throttle open to maintain
altitude and airspeed.
Minimum controllable single engine speed -
85 (IAS) MPH.
2. Inoperative engine:
A, Prop control "FEATHERED"
B, Throttle "CLOSED"
C. Mixture in "IDLE CUT-OFF"
D, Ignition switch "OFF"
E. Fuel pump (aux.) "OFF"“
F. Fuel selector valve "OFF"
G. Alternator switch ."OFF:
H. Cowl f£lap - closed

UNFEATHERING PROCEDURE.

1. Inoperative engine:
A.,  Turn fuel valve "ON"
B. Prop control in high rpm (retard upon
start)

C. Mixture rich

D. Ignition “ON"

E. Rotate propeller with starter

F. Advance throttle after oil temp. is
in normal range.

G.  Re-synchronize engines

ENGINE FAILURE DURING TAKE-OFF - Speed below

85 MPH, IAS

(with sufficient runway remaining for stopping
1. Throttles - close immediately

2. Brakes - as required

- ENGINE FAILURE AFTER TAKE-OFF - Speed above

85 MPH, IAS
(without sufficient runway remaining for stopping
1. Mixtures - FULL RICH
2. Propellers - FULL FORWARD
3. Throttles - FULL FORWARD
4, Landing gear - UP:
5. Incperative engine - DETERMINE
(idle engine same side as idle foot)
6. Incperative engine - FEATHER
7. Climb to clear obstacle - 100 MPH IAS
8. Accelerate to 110 MPH, IAS after cbstacle

is cleared FAA Approved
9. Incperative engine - SECURE Date AUG T " 1968
as above, ' Model D- '

2-aan

raicc 8 ¢of Part I




REPORT N0, RD1l-16

mng AIRCRAFT COMPANY ISSUL DATE
REVISION DATE

ENGINE FIRE PROCEDURE AND CHECK LIST

l.

3.

Operating engine: throttle open to maintain .
altitude and airspeed. '
Minimum contreollable single engine speed -
85 MPH ( IAS)
Engine with fire:
A. Throttle "CLOSED"
B. Puel selector valve “OFF"

- Prop control "FEATHERED"

. Mixture In“"IDLE CUT-OFF"

- Fuel pump {aux)® OFF"

. Alternator switch "OFF"

- Cowl flap - closed
Land as soon as possible,

C

D

E. Ignition switch "OFF"
‘F

G

H

SINGIE ENGINE LANDING PROCEDURE.

l.

Operating engine: throttle open to maintain
altitude and airspeed.

Minimum controllable single engine speed -
85 MPH ( IAS) :

Same procedure as for two engine landing
except do not lower £laps or gear until
landing 1s assured.

NQO FIAP TANDING PROCEDURE

1.

Same as normaljlanding with flaps down
except stall speed with gear down and
flaps up is 80 MPH (IAS).

FAA Approved

Date Al 1 2 1969
Model D-1

mage 9 of Part I
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AIRCRAFET COMPANY

rEPcRT MO, RD1-16

ISSUE CATE
REVISION DATE

" ELECTRIC TRIM MA LFUNCTION

In case of electric trim malfunction or rugaway {n either the -

rudder or elevator axis, turn off the appropriate trim safety
switch, Adjustment of cowl flaps and/or power may be used

to attala minimum elevator force for prolenged flight. Up to

59 of bank may be used to attain min{mum rudder force.

IN-FLIGHT ELECTRICAL POWER MALFUNCTION

In the event that a electrical power faiflure {8 experienced or
a potential electrical fallure suspected for any reason, the

MASTER SWITCH should be "TURNED OFF", This will cut
off total electrical power and naturally all electrical equipment
operation,

In order to restore electrical power and {solate the malfunctioning
power source, the following procedure i3 recommended:

1.

2,

Turning the master switch "OFF", the battery swiich
and two alternator switches are turned "OFF",

If time permits, it is next recommended that most
electrical systems be turned "OFF", also, and brought
back "ON LINE" after the power systems are again in

‘operation, .

Return one alternator to "ON", making sure that the
ammeter selector switch 18 selected properly for this
alternator,

CHECK: If the altex;nator-ammeter {ind{cates normal

poewer OUTPUT,

NOTE: Iue to the starting characterlstica of the
alternators when the battery 1s off, they may
not " Start " generating if the "On~-Line"
equipment load is high, For this reason,
electrical equipment may bave to be temporarily
turned off until the load is low enough to permit
starting without batlery power, ( This is
approximately 10 Ampa,)

FAA Approved
Date: 1"22"71

Model D-1

2-2841

race 10 of Partl
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REPORT RO, RDl-16

Wlﬂg AIRCRAFT COMPANY 1SSUE DATE
: REVISION DATE

IN-FLIGHT ELECTRICAL POWER MALFUNCTION. (Cont'd.)

4.

5.

If the first alternator indicates power
output,. then next turn "ON" the opposite
alternator.- and note its' power output at

the proper armeter selector. )

With both or either alternators supplying
power, the battery c¢an be brought on-line

by turning the battery switch “ON". A mal-
functioning battery may be recognized by a
high charge rate or highly fluctuating
ammeter indications. In this event, turn

the battery switch “OFF" and continue with
alternator power only. Once started the
alternators will supply approximately 60
anps. each, '

If the procedures disclose that either
alternator system appears to be inoperative
or malfunctioning, turn "OFF® that alternator
switch. Each alternator generating system

is a completely independent power source
controlled by its' respective "“ON-OFF" switch.
It is also recommended that the electrical
systems loads be carefully managed sc as to
not exceed the alternator generating capacity
in the event only one system is operating.

FAA Aﬁbrcved

Date AUG 1 2 1369
Model D-1

Pacell of Part I
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Wlﬂg AIRCRAFT COMPANY

REPORT %0,
§3SUE DATE
REVISION DATE

RD1-16

" SECTION 4:

1.

PERFORMANCE

VARIATION OF RATE OF CLIMB ' :
WITH PRESSURE ALTITUDE AND OUTSIDE ATR TEMPERATIIRE.

Two Engine, Gross Wt. 3050 l1b., Full Power, Clean

Pressure ] Best Best :

Altitude | Angle | Rate TEMPERATURE
(Feet) | IAS,MPH | IAS,MPH f4o°r. 60°p. | B80°F.{ 100°F.

Sea

Level B4 122 1750 1700 1640 | 1585
2000 . 85 120 1555 1505 1450 11400
4000 g6 117 1360 1310 1260 11205
6000 87 115 1180 1130 1080 | 1030

One Engine, Gross Wt. 3050 1lb., Full Power, Clean

Pressure Best Best

Altitude | Angle Rate TEMPERATURE

(Feet) | TAS,MPH | 1AS,MPH || 40°F. | 60°F. | 80°F. | 100°F.
Sea.. ) .

Level 101 113 450 417 383 | 1350
2000 102 111 347 313 280 | 245
4000 103 109 238 205 172 | 138
6000 104 107 135 102 68 35

Two Engine,Gross Wt. 3050 1Lh.,Full Power,Balked Landing

Pressure | Best Best

Altitude | Angle Rate TEMPERATURE ‘
(Feet) | 1as mpu |1as . mpH [|40°F. |60°F, | 86°F. |200°F,

Sea .

Level 80 87 1027 973 917 862
2000 80 86 860 807 755 702
4000 80 85 687 635 580 528
6000 80 84 523 472 420 367

DEMONSTRATED ALTITUDE 1.0SS DURING STALL RECOVERY

IS

160 FT.

FAA Approved

Date filIG 1 2 1959
Model D-1
1041 Part I

pace 12 of
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Wlﬂ Au.rc:urr COMPANY ISSUL DATE

REYISION DATE

3. STALL SPEED CHART.

STALL SPEED, MPH (IAS)

3050 IBS, GROSS WEIGHT
Configquration, 5 ANgLE Og BANE
Powe Q 15 30| 45
Flaps Up B0 81 86 95

Flaps Down 72 73 77 86

4, AIRSPEED CORRECTION TABELE.

FLAPS 0° * FIAPS 40°
IAS,MPH CAS,MPH { IAS,MPH CAS,MPH
80 79 80 79
90 90 90 90
100 100 100 100
120 120 110 " 110
140 140 120 121
160 160 130 131
180 180 140 141
200 200
220 220
240 240
260 260

* Maximum Flap Speed 135 MPH (400)

FAA Approved

Date AlG 1 2 1969
Model D=1

PAGE 13 oF Part I
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Wlﬂg AIRCRAFT COMPANY ssue pare 8~ 12-69

REVISION CATE

-\ - -
N . _ PART IT

WEIGHT & BALANCE DATA

NOTE: This is not a pﬁrt of the FAA approved
portion of this Report.

It is the operator's responsibility to
determine that the aircraft is loaded
in accordance with the Weight and Balance

limitations noted.

pas

- ' — PYPE pice of RDL-16
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REPORT NO. RD1 =18

Wlﬂg AIRCRAFT COMPANY L ssuE e &-f2-62

REVISICN DATE

SECTION 1: - WEIGHING INSTRUCTIONS'

A.

B,

E..

DATUM
STA.0.00 FUS.

Place the alrcraft on scales, one for each landing gear, Scales
should be placed on a flat and level terrain,

Block the main gear struts with 7 in, blocks. Level the alrcraft
by blocking the nose gear as required. Partially withdraw two
machine screws located at Fuselage Sta, 104.75 and Sta. 117,80
at WL 44,680 on the left hand side of the fuselage, these screws
are levellng points, Aircraft is longitudinally level when a level
Placed on the heads of these screws Indlcates level.

To check lateral level on the alrplane, if necessary, place s
level across the baggage floor.

Determine the center line location of the main gear axles by
pulling a string between the two axis and with the use of a plumb
keld from the Fuselage ref. point (2 small hole in the bottom
fuselage skdn Jocated on the center line of the alrcraft and Sta,
100,00 Fus, forward face of the main spar). Record measure-
ment "A"-

By measuring parallel to the center line of the fuselage measure
the distance between the plumb held from the fuselage reference
point and the left hand center of the nose gear axle, and to the

right hand center of the nose gear axle, averaging the two measure~

ments., Record as 'B",

Take the welght reading on each scale and record them below,

STA. 100.00

FUS.

sc;\uf-:—\‘_@_?wms—/q +) ,— SCALE

4

. ‘BO - !A'
!

]

a-4041




WESTERN AIR RADIO

2825 EARHART APRON.TORRANCE, CA 90508 (213) 534-04355

WEIGHT & BALANCE REVISION
N  8602J

Serial # 009
Model # Wing D-1
Date May 3, 1982

AIRCRAFT BEFQRE CHANGE: Weight Arm Moment
2117.80 91.75 164253,70
REMOVE THE FOLLOWING:
Turn Cord. 2. Lh A5 b 159.57
ADD THE FOLLOWING:
BsC _Flight Control System 2L.7 9L Q —2393. 43
' 196487.56

EMPTY WEIGHT 2150,06

NEW E.W.C.G. 91.81 BY
MAX. GROSS WEIGHT 3050.00

USEFUL LOAD 909.94

WESTERN AIR RADIO

2825 Earhart Apron

Torrance, Calif.

FAA Repair Station

#4814

90505




DEPARTMENT OF TRANSPORTATION

FEDERAL AVIATION ADMINISTRATION
MAJOR REPAIR AND ALTERATION
(Airframe, Powaerplant, Propeller, or Appliance)

Form Appreved
Budget Burean No. 04-R060.1

FOR FAA USE ONLY

OFFICE IDENTIFICATION

INSTRUCTIONS: Print of type all entries. See FAR 43.9, FAR 43 Appendix B, and AC €3.9-1 {oc subsequent revision thercof)
fot instructions xnd disposition of this form.

MAKE v [MODEL
Wing D-1
1. AIRCRAFT SERAL O NATIONALITY AND REGISTRATION MARK
009 NB602J
MAME (As shown on registration certificats) ADDRESS (As shown on regisirction cerlificale)
2. OWNER ; 8620 Gibbs Drive
Coast Alrcraft Sales San Diego, CA 62123
3. FOR FAA USE ONLY
4, UNIT IDENTIFICATION 5. TYPE
uniT MAKE MODEL SENIAL NO. ZEPAIR :::';:
AIRFRAME COLIIIL 1040080000 00004 (AL described in item | above] sesesrssrrrerersrreree’ -
IWERPLANT .
PROPELLER
e
APPLIANCE PANGTACTURER

§. CONFORMITY STATEMENT

A. AGENCY'S NAME AND ADDRESS

B. KIND OF AGENCY

I "C. CERTIFICATE NO.

Western Air Radio =
2825 Earhart Apron
Torrance, CA CA 90505

U.5. CERTIFICATED mECHANIC

4814 Class I,

FOREIGN CEATIFICATED MECHANIC

II, Limited

X

CERTIFICATID REFAIR STATION

MAMNUFACTURER

Ratings

DATE o .

- - - |s

May 3, 1982

7. APPROVAL

D. i certify thar che repair and/or alteration made to the unic{s) identified in icem 4 above and described on the reverse or
atiachmenrs herero have been made in accordance with the requirements of Part 43 of che U.S. Federal Avizcign® Regulacions
and that the informition furnished herein is frue and correct ro the best of my knowledge.

2

Pursuant to the authority given persons specificd below, the unit identified in item 4 way in
the Administracor of the Federa! Avistion Adminiseration and is [XAFPPROVED DREJEC ED

spected in cthe manner prescribed by

( FAA AT, STANDARDS MANUFACTURER INSPECTION AUTHORIZATION
INSPECTOR .
F’f - CANADIAN DEFARTMENT
FAA DESICNEE X | aerain sramon OF TRANSPORY INSPECTOR

OF AIRCRAFT

OTHER (Scacify)

DATE OF APPROYAL OR
REJECTION

May 3, 1982

CESIGNATION NO.
L814

CERTIFICATE OR - sl

FAA Form 337 (7-¢7

T U S, Govemnment Printing Offi

18320)




T R NOTICE

Veight and balance or operating limitotion changes shall be entered in the appropriate aircroft record.
An alterction must be compatible with all previous clterations to ossure continved conformity with the

opplicable airworthiness requirements.

)
8.  DESCRIPTION OF WORK ACCOMPLISHED (If more space is required, ottach additional sheets. Identify with air-

craft nationality ond registration mark and date work comgleted.)

1. Ingtal}ed Brittain Model B-5C Autopilot System according to
.-Brittain Installation Instructions 402-012-731, Rev. A, Dated
6/24/81 and Master Drawing list 403-012-736, dated 7/3/81;
or later FAA approved revision. '

2. Autopilot installed per STC #SALS53SW, dated Nov. 23, .1981.
3. Electrical laad evaluation of equipment installed performed.
Q..,Magnetic compass checked and calibrated. ' -
R Nothing Follows-----—--—---------Jf}-éL€ﬁQrEn

[ ADDITIONAL SHEETS ARE ATTACHED




[ ]
bibbs SERVICE CENTER, ne, T
- F.A.A., REPAIR STATION #463-13
WEIGHT § BALANCE DATA

A/C Type Wing D-1 S/N 009 Reg, No. N86025 Date 4/13/82
Weight and balance computed after the installation of the following Avionics equipment

WEIGHT ’ MOMENT

Prev. weight § balance 2070.00 190164.00
KING EQUIP.

KR-21
KMA 24H-53
KY 197
KNS 80
KCS 55A ( K1525A)
KY 165
KI 202
KR 87
KT 76
Com Antenna
- ADF Antenna
IME Antemna
Transponder Antenna
KG 102A
KT 112A
KA 51A
Wire

New Bty Welght...ooueeinseennnneencannncrenaases . «+2117.80  Lbs.
New Empty Weight C. G , YESIERLAR M) 75 1,

TATiiN @
EAA REPALR 4 283 ™

1
New Useful Load...... Nt teenaeanon veves D CRMLETYY 20 Ibs,
ﬁl?{\‘lt& AL asuy




RIPCAT N0, RD1-16

Wlﬂg AIRCRAFT c'l'ouunr - 1SSUE DATE g-12-69

REVISION DATE

NBGoO2T A4S WWE/SHTEDL /-7-82 N/?‘H
Ao Fz/é'd. AN L BALS. o/l

A = A o B S8, 0 gA{rerage)

“Reading | Actual Weight

489  FE9

B/ =

790 7 o

AIRCRAFT TOTAL AS WEIGHTED "w* 2 /& ¢  1lbs,

(LM + RMA - (NB "~
W

- sTA, 9/ S C yus,

LICENSED EMPTY WEIGHT AND C. G.

Weight _ C. G. Arm
Item {Lbs) (In)

.| Atrcraft as Weighed Rroe| /.56
WETRIE ST -  Bol| 72,4/

Unusable Fuel _ Vo e =

Zonpty Welght 2070 9/.86| 92 124

P8O LE5s,

Allowable Useful Load = 3050 lbs, - Licensed Empty Weight =
Lo gw\c}dfd ¢ - /sf-e—z_
Ghbs o -

ract 2 of Part




REPCRT NO. RD1-16

Wlﬂg AIRCRAFT COMPANY 1SSUE DATE g-1z2~-a9 |

REVISICN DATE

(r

SECTION 2: MOMENT ARMS : |

Pilot and Passenger sssesses Sta. 87.0'0
01l (7.5 Ibs, per Gal.)........ Sta. 70.41
Fuel (6 Lbs. per Gal.) ........ Sta. 92.00

Baggage {250 Ibs. Max.)e.e..... Sta. 118,00 .

a-asay

mee3d of Part IX




rerert 0, RDI-16

BIn AIRCRAFT COMPANY 1SSuE ATE B2 =12-49
REVISION DATE /=25 =79

SECTION 3: SAMPLE PROBLEM

1t is the responsibility of the aircraft owner and the pilot to be
sure that the aircraft is properly loaded. The following example
shows how to check the loading of your aircraft.

( EXAMPLE ONLY )

Weight Moment Thousands
Item Pounds of Pounds = Inches -

Licensed Empty Wt.
(Includes Qil 7 : 2100 .190, 050 .. . _..-5_-

Pilot : 170 1 - 14,7990

Passenger - 170 - 14,790

Baggage 80 - . 8, 860

Total Zero Fuel Weight| 2520 | .. 228,590

Fuel * . (45237a(1) - |- - 24,840

Total Weight and
Moment - 2790 1 - -253,430. - ... .

'I‘ota:l Moment = C. G.
Total Weight

25;},9&;30 90. 84 (EXAMPLE ONLY)

If the airplane has been altered, refer to the latest approved re-pair
and alteration form (FAA-337) for this information.

* Unusable fuel is included in lir:.'_ensed empty weight.

TOTAL WEIGHT MUST NOT EXCEED 3050 LBS,

NOTE: The C. G. Position Sta. 90, 84 falls withis the C. G.
envelope on P. 7 therefore is satisfactory. An alternate
check can be made on P. 6 Table by noting that at approx.
2790 lbs. that the 253, 430 Moment is between the Fwd.
Limit and Aft Limit Moments listed. -

pacgd  of Part 11




II 3Ied 40 € 3oV

[ a1l

o~ 1
SECTION 4: LOADING CHART
TABLE I
FUEL Pilot and Passengex Baggage Compartment (See Note)
Total We, Sta. 112.,0 | sta.l124.14 Sta.l36,.0
Gal, Lhp. Moment 1bha, Moment Lba, ‘Eﬁdﬁggg? (Pmﬁ%?rtnn) ,_Aft'i?.’}‘.e“t |
5 30 2,760 100 8,700 20 2,240 2,483 2,720
10 60 5,520 120 10,440 40 4,480 4,966 5.440
15 a0 8,280 140 12,180 60 6,720 7.448 8,160
20 120 11,040 160 13,920 80 8,960 9,931 10,880
25 150 13,800 180 15,660 100 11,200 12,414 13,600
30 180 16,560 200 17,400 120 13,440 14,897 16,320
35 210 19,320 220 . 19,140_‘ 140 15,680 17,380 19,040
40 240 22,080 240 20,880 160 17,920 19,862 21,760
45 270 24,840 260 22,620 180 20,160 22,345 24,480
50 300 27,600 280 24,360 200 22,400 24,828 27,200
55 330 30,360 300 26,100 220 24,640 27,311 29,920
60 360 33,120 320 27,840 240 26,880 29,794 32,640
65 390 35,880 340~ 29,580 250 28,000 31,035 34,000
70 420 38,640 360 31,320
75 450 41,400 380 33,060
80 480 44,160 400 34,800
85 510 46,920
88 .~ 528 48,576

. Sample Problem

Note: BAGGAGE LOADING

Fwd. Area defined as baggage CG at Fus, Sta. 12,0
Center Area defined as baggage CG at Fus. Sta, 124.14
Aft, Area defined as baggage CG at Fus. Sta. 136,0

31¥0 ®OISIAlY

:

ANYdNOD 1dYND¥IYVY

- 31v0 inssi
*0F L3043

- 21-8
&2 9T~-TaH
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REFIRT K2,
LEFUE £ATE
CEVISICH DATT

RDl-15
8-12 -69

"SECTION 53

Wiﬁg ? AIRCRAFT COMPANY

m s

'r_..-
»

CENTER OF GRAVITY MCMENT ENVELOPE

TABLE II
. LIMITS
FLIGHT WT. MOST FWD, MOST AFT
1BS. MOMENT MOMENT
2100 187,950 195,300
2150 192,420 199,950
12200 196,900 204,600
2250 201,370 209,250
2300 205,850 213,900
2350 210,320 218,550
2400 214,800 223,200
2450 219,458 227,850
25C0 224,125 232,500
2330 228,786 237,150
26G0 233,480 241,800
2650 238,169 246,450
2700 242,865 251,100
2750 247,568 255, 750
* 2800 252,280 260,400
2850 257,004 265,050
2900 261,754 269,700
2550 266,494 274,350
3000 271,26¢C 279,000
3050 276,025 . 283,650

* SAM?LE PROBLEM frcm P, 4
2730 1bs.-Mcment =

”'“Limit Mompnts tabulatéd

253,430

which £2lls between
the p°rmissablc wost Fwd,  Limis and Nast‘Aft

P-2gad

TPACE B
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Wgﬂg AIRCRAFT COH.!.'A NY

HPC2T 20.
I33UE DATE
REIvVISION CATE

: NFEo2 T Sern. Ao. P
- AIRPLANE WEIGHT & BALANCE RECORD
[TEM ' WT | STA |[MOMENT [DATE] REMARKS
e p07 |00 9. 58| 22,274 - I
oy F yrrE | (F0|87.90| /2,539 o
22209/ 7% 1208 Bo
,éZze-;. (25 cars) | 52F (72| 4857¢
' 231817/ 331257382
a-18a _M L A ____________W_;‘__"Hi;.;;ﬁ;'}.-\..




RDl-16
8-12-69

REPORT wO,
ISSUE DATE

AIRCRAFT COMPANY

REVISION DATE

CENTER_OF GRAVITY LIMITS GRAPH

SECTION 612
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PERCENT COF M.A.C.

0.00 FUs.

* DATUM = STA.

© SAMPLE PROBLEM

]\_‘,‘/

Part II
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%’yﬁﬁg AIRCRAFT COMPANY

RepaaT w0, RD1-16
ISSUE CATE
REVISIOn DATE

N’

WEIGHT OF AIRCRAFT ~ POUNDS (LBS.)

SECTION 63’ CENTER OF GRAVITY LIMITS GRAPH

- - e — - - — e J e
T e ‘ =13 : —
- - el s 1 — +—
——t — et t e
3100 ==
= — y———f— e ~—1 ; o e
L2 Bas v — et 1= + - =
T —_— T ey oy . e o > —_— "]
e e e S 7 1 = . = =4
3000 T — - - . : ;
. - =7 7 + - —
— 2a g = 1 : Anams | e pe—
. + +f -
— :  ———y —r§ o
) - - —T
2900 =t ‘ .
. e — A - +; +~— 1 .
=ttt =f. =5 e
W T " T - pruns " ~ ™
2800 == - - — = —
- ~— - — ==
- 4 - . ;
- i 4 ¥ T T -
1 e ok L . 4
—— | - L ! —
- Iy i L T
!_ 'l L 1
4 rt—d T :
y 4 Ll I _—
p 4
- = T T
— =T —J ~ 1
P — : 1
2600 E : =)= = : 3 : 1
W I | - b d L ] 1 ]
T T T f I ¥ . —
i { ; [ v — +
) - y 4 : 4
: : f— - , ! T e
— f— —r + - r
2300 = : -
€L [ A — L] — & —t
L3  § 1 ) i b b 1
T y 4 T ) i - T T
F 4 I .4 hal a1 —
I - + : T — " —_—J —
+ | + - -
I — I—_ 1 E
2400 — > = ? =
o L — b - el J
— I o Dl S —
[ — I- . . J
I ‘} b J, #_{
rA - z ot - 1
2300 =% = — —
'}_ 14 i — + —— —t i
— R — - A —
— i : n Tt : s
e — T T T 1
2200 ¢ —— = —
f - + T * T + h
- ) — T T b Y i - - Ll
N L b e 3 —_— — -
* 1 I )| b i— b —— h pi o
2100 = : 2 : =
1 —t e 1 - 'y - s
L re 1 . ¥4 3 ) P—t 1 1
v — C— hal ¥l 1 L 1
H e 1 1
——
 — T " - T + +
H T t T ry ; 1 T
" ¥ —r = T n 1 T
89 a0 91 92 93
’ C.G, ARM - INCHES AFT OF DATUM*
-+ t ~+ { $ i + } } + +
. .18 .20 .22 .24 .26

PERCENT OF M.A.C.

* DATUM = STA, 0.00 FUsS,
® SAMPLE PROBLEM

R-26AN

PACE 7 OF Part II

. e ————— e



(r-

Wlng AIRCRAFT COMPANY

RercrT xo, RD1-16
ISSUE DATE  8-12-59

REVISION BATE S -3 -Go

SECTION 7:. EQUIPMENT LIST

AIRCRAFT SERIAL NO,
FAA REGISTRATION NO,

The following equipment, marked ( )} was installed when the

Certificate of Airworthiness, dated

was

issued on this aircraft. Equipment removed from this aircraft
after the above date should be marked ( R )} and equipment added’
‘should be_marked ( A ).

I. BASIC REQUIRED EQUIPMENT (VFR DAY ONLY)
ITEM WAC DWG ITEM PART wT, ARM
NO. ITE M NO., NO. USED (LB.) J{(IN.)
1. { ) Engines 400010 588.0 64.4
2. ( ) Propellers 400010 96.0 45. 7
3. {( ) Governors 400010 12.0 74.6
4., {( ) Spinners 400120 8.8 43.6
5. ( ) Filters-Air Ind. 400012 2.0 77.5
6. ( ) Oil Radiators 000009 3.8 55.0
400010
7. { ) Fuel Pumps 100034 6.0 104.2
(Boost) 7000438
8. ( ) L. o RS . fone
(Eng. Driven)
2. { ) Exhaust Sys. 400180 14,2 69.4
400181
10. . { ) | Main Wheels 500008
11, ( ) | Main Brake Assy. 500008 22.0 109. 0
12. () Main Tires 500008 '
13. { ) Nose Wheel 500001 10,0 15.0
14. () Nose Tire 500001
1s. ( ) Seat (Pilots) 800002 11,7 87.0
16. ( ) Belt {Pilots) 000008 0.9 88.0
17. () Alternators 400010 26.0 56. 0
18. ( ) Starters 400010 17.0 60.0
19. () Voltage Reg, 400010 1.3 87.5 -
20, () Battery 700043 27.0 151.0°
2. () Relay (Over- —_t
voltage) 400010 0.5 | (50.5)
22, ( ) | Airspeed Ind. " 900006 1.0 67.0
23. () Altimeter 900007 1.3 67.0
24. () Compass, Mag. 800037 0.8 78.0
25. () Tachometer 700048 1.4 87.0

R-204)
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- gercRt wo.  RD1-16
Wlng AIRCRAFT COMPANY ISSUE DATE  8-12-69
REVISION DATE T <R G850

ITEM . WAC DWG, ITEM PART WwWT. °|ARM
NO. 1TEM NO. NO. USED ‘| (LB.) (IN. )

Eng. Cluster 900005 2.6 67.0
Fuel Qty. :
Oil Press,

Cil Temp.

Cyl. Hd. Temp.
Stall Warning 100242
Pitot Tube, Heat 700135
Fuel Flow Ind. 900001
Flap Pos. Ind. 900002
Stab. Pos. Ind. 900003
L G Warn. Light 700124
- Seat, Passenger 800002
Belt, Passenger 000008
Belt, Cargo 000009

O WP =10 == OO

—t
NOHPPQHHH

»

-

Manif. Press. Ga. 900008
Ammeter 300009
0. A, Temp, Ind. 700048
Cabin Heater 200050
Rudder Pos. Ind. 900012

P N e K e e R e Tt T T o B T B W ]
ot Yt et agt® Yagl et Nl et p el gyt gl “uap® eyt ‘et

REQUIRED EQUIPMENT (VFR NIGHT)

WAC DWG] ITEM PART
ITEM NO. . NO. USED

Anti-Collision Lt. 700048
Aft. Pos. Lt. 700043
Wing Tip Pos. Lt. 700048
Landing Light 700048
O.H, Inst. [Map Lt. [700048
Cabin Dome Lt. 700048

pasE 9 ofF Part Il




REPORT 0. RD1-16
Wlﬂ AIRCRAFT COMPANY ISSUE DATE 8-12-89
REVISICR DATE ] -242 - GO

IIL OPTIONAL EQUIPMENT
ITEM WAC DWG, ITEM PART wT. | ARM
NO, ITEM . NO. , NO. USED ({LB.) (IN, )
300. ( )| Prop. Unfeather 400045 | 8.0 85.0
Accumulator
301. ( )| Dual Brake Cont. 660009 ’ 1.2 54.7
302. ( )] Hr. Meter-Air SW. | 700048 0.6 62.0
303. ( )| Ext. Pwr. Recp. 700048 0.8 150.0
304. ( )| Autopilot STC #3SA
1688WE 26.7 105. 7
305. ( )| E.G.T. Instl, 700086 1.0 70.0
306. { )| Belt, Pilot & Pass. | 000009 1.0 88.0
307. ( )| Directional Gyro 700059' 2.63 65.4
308. {( )| Artif, Horiz. 700059 1.9 66.3
309. { )| Rate of Climb 700059 | 0.75 67.0
310. { )| Turn Coord. 7000359 2.44 65.4
311, ( )| vacuum sys. 700021 ] 14.72 71.6
312, ( )| Alt. Static 700064 0.12 68.5
Air Source
313. { .}| Propeller -
Synchrophaser 700087 3.50 93.4
314.. { )| Int. & Sound Proof 800000 - 36.0 100.0
315. ( )| Paint ‘ 0Cc0128 21.0 110.0

a-g841
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REPORT xO.

RDI-16

Wlﬂg AIRCRAFT COMPANY fssve pate. 8-12-69
REVISION DATE qQ - 2285 -] |
Iv. OPTICHAL COMMUNICATION/NAVIGATION EQUIPMENT
ITEM - WAC DWG. COLLINS WT. ARM
NO. ITEM NO. " PART NO. (1B.) | (IN.)
400. ( )| Coomm Radio 700080 (2) VHF-251 7.6 63.0
401, ( )| Nav Radio 700080 (2) vIR-351! | 6.2 63.5
402, ( )| Nav Ind 700080 IND-350 A 1.0 66.4
403, ( )| eclide Slope Revr, 700080 GLS-350 2.0 47.3
404, ( )| Audio Marker Rcvr. 700080 AMR-350 1.8 66.6
405. ( )| Area Nav Cuptr 700080 ANS-351 3.8 64.3
406, ( )| ODME IMIR/RCVR 700080 TCR~-451 5.3 | 171.8
407. ( )| DME D 700080 IND-451 0.9 66.6
408. ( )| DME int. 700080 ANT-451 0.2 | 102.8
409, ( )| ADF Revr, 700080 RCR-650A 3.0 64.1
410, ( ){ ADP Ind 700080 IND-650A 0.75| 67.3
411, ( )| ADF Ant. 700080 ANT-650A 2.25} 144.3
412. ( )| Transponder 700080 TDR-950 2.0 65.8
413. ( )| Slaving Access 700080 328A-3G 3.5 | 156.8
424, ( )| Course Ind. 700080 331A-3F 3.4 65.8
41s. ( )| Dir. Gyro 700080 332E-4 4.5 | 145.7
416. ( )| Flux Det 700080 323A-2C 2.7 | 106.5
417. ( )| Radio Alt.
: XMTR/RCVR 700080 - ALT=-504 5.6 | 158.6
418, ( )| Radio Adt. Ind. 700080 DRI-55 0.7 66.0
419, ( )| Radio Alt. Ant ‘ '
XMTR & Revr. 700080 (2) ANT-50 2.0 | 113.2
420, ( )| Marker Beacon Ant. | 700080 EMB-10-84 1.0 | 19.8
421, ( )| Glide Slope Ant. 700080 RGS-10-48 0.13| 19.9
422, ( )| Coum, Ant. Coupler 700080 TCR-20-01 1,0 51.0
423. ( )| Nav Ant Coupler 700080 DRC-20-11 0.25] .51.01
424, ( ) Cozm Ant 700080 SSB-1 2.0 | 149.4
425, ( )| ©Pwr. Booster 700080 RB=125 1.5 44,4
426, ( )| ZEmer. Loc. XMTR. 700080 ELT-10 3.5 | 162.4
427. ( )| Nav ant 700080 CI-159 C 0.35] 252.0
428. ( )| Ccompensator 700080 323A-3G-1 .25| 106.5

2-2841
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Brittain Industries, Inc.
5023 E. Admiral Place
Tulsa, OK. 74115

Manual No. 407-012-736
FAA APPROVED

AIRPLANE FLIGHT MANUAL SUPPLEMENT
' FOR
_ BRITTAIN MODEL BI-826 BSC
WHEN INSTALLED IN AIRCRAFT MODELS LISTED ON
MASTER ELIGIBILITY LIST 426-010-736
R/N 8602J
S/N 009

Wing D-1
A L ATRPLAN

The information in this document is FAA approved material, which together with
the appropriate basic FAA approved Flight Manual and/or placarding is applicable
and must be carried in the aircraft when it is modified by the instaliation of
Brittain BI-826, B5C Flight Control System in accordance with SIC SA45535UW

and in conjunction with Brittain model BI-702, B85 Flight Control System.

The information in this document supercedes the basic manual only where covered
in the items contained in this manual. For limitations and procedures not
contained in this supplement, consult the basic manual.
I. LIMITATIONS

A. No Change.

OPERATIONAL PROCEDURES

A, To Fly'a Preselected Heading, "

1., Rotate heading bug on directional gyro or H.S.I. to desired f
heading. ' :

2. Sé]ect “HDG" mode on controller.

NOTE: When the autopilot master is "ON" and the mode selector switch is
"OFF", the autopilot provides stability augmentation.

Dated: 11/23/81 ' Page 1 of 2
F.A.A. Approved: ' .




Brittain Industries, Inc.
5023 E, Admiral Place
Tulsa, OK., 74115

(- Manual No. 407-012-736

II1. EMERGENCY

A, In the event of an electrical fajlure, the autopilot reverts to
basic stabilization,

B. In the event of a pneumatic failure as indicated on the gyro
pressure gauge, the autopilot becomes inoperative.

IV.  PERFORMANCE
A. No change.

FAA APPROVED:

{~"Don P. Watson, Chief sranst ;= : : .
Engineering & Manufacturzng Branch T e e T e e -

Federal Aviation Adm1n1strat1on - T T e e T T
Southwest-Region o -t .
Ft. Worth, TX. 76101 . T ‘ i

Page 2 of 2

Dated: _ 11/23/81




Siipartmint of Trarsperistion ~3 Frderal Ioinen Aéminizoratn

Supplemental ‘@upe Certificate
MSMSSZ&S‘J

J%Z:,,ﬂgdzug‘luga&h Brittain Industries, Inc.
5023 East Admiral Place

Tulsa, OK 74115
conlos ol dhe ehargeinthodisfa dosipon fon Llo follineing produclacnth Lho Lisnilolions and condilona.
J"m’/-.uw/d&mv.n@ &MMWmMﬂJ 3 2hs Civil Alr

%aé&an& ' ' : S
Coipinad Reduct —FppeCertloatoNomben: See Linitations and Conditions

Alhe: See Linitations and Conditions

Aotid: See Linitations and Conditions

Lesorgplion o Fpppo Y csipn Ghange: Installation of Brittain Model NAV Flite IV
Model BI-825 System according to Brittain Installation Instructions 402-010-736
Revision A dated 6/24/81 and Master Drawing List 403-010-736 dated 7/3/81; .
Installation of Brittain Model BS5C Model BI-826 System according to Brittain
Installation Instructions 402-012-736, Revision A, dated 6/24/81 and Master ,
‘Drawing List 403-012-736 dated 7/3/81; or later FAA approved revision. :

Izzfor appllca Ie fype Certificate Number, Aircraft, and Model see Master Airplane
Eligibility List 426-010-736 Revision A dated 7/2/81, or later FAA approved revisionm.
2. FAA Approved Airplane Flight Manual Supplement dated November 23, 1981, is
required for Brittain B5C Model BI-826; or FAA Approved Airplane Fllght Hanual
Supplement dated November 23, 1981, is required for Brittain KAV Flite IV Hodel

BI-825.
3. Compatibility of this modification with other previously approved modlflcatlons

t be determlned by the 1nst311er.

. _5 .

| rendoree] auspondsc mevoled] om o Lerrina livne i lo it slhomurito <3 laldisfecd Ly o ;44,,.,.“4.,4 - /.m

JMMW.@W“MM :
_zﬁé‘,fw/.z.&....: July 3, 1981 e ~.a.~;:/.-
Yot ofissuanca:  Novezber 23; 1981  Lalmmandid:

. Dopireelsmrae Lo Loreimialrolor

Acting Chief, Aircraft Certificaticn
Division

{Titie)

Any alicration of 1his certificate 15 punithable by a fine of not exceeding 31,000, or imprisonment nol excecding 3 years, or both,
" TAis certificate may be transferred in accordance unth FAR 21.47.

Fas Foun D170 {10-41)
. 2




BRITTAIN INDUSTRIES, INC.
P. 0. Box 51370
Tulsa, OK. 74151

Manual No. 407-026-504

FAA APPROVED
RIRPLANE FLIGHT MANUAL SUPPLEMENT
FOR
WING AIRCRAFT MODEL D-1
S/N 009
R/N ___8602J

This supplement must be attached to the F.A.A. Approved Airplane Flight .
Manual dated August 12, 1969, when a Brittain Model BS Flight Control
System is installed in accordance with STC SA4315SW.

The information contained herein supplements or supersedes the basic manual
only in those areas listed herein. For limitations, procedures, and
performance information not contained in this supplement, consult the
basic airplane flight manual.

I. LIMITATIONS

A. - Autopilot master shall be "OFF" for take-off and landing.

B. Aut?pi]ot shall not be operated at speeds above Vno (green
Arc). .

Single engine approaches prohibited. -

Coupled approaches shall be conducted using only the VOR-
LOC receiver-indicator combination demonstrated to perform
satisfactorily in accordance with FAA Approved Brittain
Ground and Flight Check Procedures Manual No. 3952, VOR-
LOC receiver-indicator combinations not so demonstrated
shall be placarded “DJ NOT USE THIS RADIO FOR COUPLED
APPROACHES". .

OPERATING PROCEDURES

A. Normal

1. Make certain aircraft is properly trimmed before
engaging autopilot. )

2.  To engage autopilot, pull autopilet master “ON“ and
rotate mode selection switch to desired mode. -

Dated: _April 1, 1981 Page 1 of 3




BRITTAIN INDUSTRIES, INC.
pP. 0. Box 51370
Tulsa, 0K. 74151

( . Manual No. 407-026-504

NOTE: ~  When the autopilot master is "ON" and mode selector is
"OFF", the autopilot provides stability augmentation.

3.  Turns may be made by selecting the manual (MAN) mode - -
and rotating the "TURN" knob left or right. . . I

4, Command aircraft pitch attitude with manual elevator
trim tab. " Power variations will establish climb or
. descent.

5. To maintain a desired altitude, adjust the aircraft
elevator trim system until the pitch trim indicator is
in neutral position and the aircraft is in level flight.
Engage the altitude hold.

6. Pitch trim indicator provides a visual reference of .
the elevator trim status. When the indicator bar is above
center, the aireraft has a nose up trim and vice-versa.

7. To Fly A Magnetic Heading

A. Rotate the heading azimuth to desired magnetic heading
and place functien knob in heading (HDG) mode.

8. To Fly A QOR Course

A. Rotate omnj bearing selector (dBS) and autopilot
heading azimuth to desired course.

-B. Select capture’ (CAP) mode. Aircraft will.tuim to ;;, S
intercept the VOR course. Maximum capture angle - -
is 60 degrees. T T S
C. As VOR needle approaches center position, select
track {(TRK) mode. : : '

NOTE: (1) VOR-LOC left/right needle indication may be-interrupted
. or lost during transmission with some NAV-COMM systems.
In this case, the autopilot will steer the aircraft
towargz the heading selected on the autopilot heading
azimuth.

(2) When the mode selector is in the track (TRK) position,
VOR needle deflection greater than half scale will cause
the autopilot to revert to magnetic heading information
for about one minute.

/ . . . . - R . —— - - . .- -

Dated: April T, 1981 Page 2 of 3




BRITTAIN INDUSTRIES, INC.
P. 0. Box 51370
Tulsa, OK. 74151

Manual No. 407-026-504

9. - To Fly A VOR Approach

A. Rotate omnij bearing selector (0BS) and autopilot
heading azimuth to approach course.

B. Select capture (CAP) mode. Aircraft will tum to
intercept_the VOR course. When aircraft heading is
within 60" of the selected course, select localizer
(LOC) mode. Aircraft will complete the interception
and track the selected course,

C. If the VOR approach requires a course change over the
station, select the final approach course on the omni
bearing selector {08S) and the autopilot heading
azémuth as soon as positive station crossing has been
made. .

10. To Fly A Localizer Approach

A. Rotate autopilot heading -azimuth to inbound localizer
course,

B. Select logalizer (LOC) mode after aircraft heading is
within 60" of localizer course. Aircraft will turn .
to intercept the localizer.

B. Emergency

1.  In the event of a malfunction, disengage the autopilot by. . ' ©

pushing the autopilot master "OFF". The autopilot can be
overpowered at any time without damage to the aircraft or -
components. _ o i

2. Maximum altitude loss durihg a nose down hardover js 120 ft} o
3. In the event of a partial or complete vacuum failure, '
(indicated by a drop of vacuum pressure as shown on the .
aircraft vacuum gauge) disengage autopilot until system can
be inspected and repaired as necessary. .

111, PERFORMANCE INFORMATION

1. No change.

:?6, .

Engineering &.Manufacturing Branch - - .
Federal Aviation Admninistration
Southwest Region, Ft. Worth, TX. 76101

Dated: _April 1, 1981 ' | Page 3 of 3
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: . Bnrxf Sars of Smrin :
Drgartmenr ¢f Transperration —Federal Quiation eministration

Supplemental Tppe Certificate
- M _sg‘tlgls_s_'q | o -

%&MW& '.”Brittainr Industries, Inc. O
' . P. 0. Box 51370 . '
Tulsa, OK 74151

@ydmwmm%@ﬁmﬁvwwm&mﬂm
/a%mwwwmwwﬂﬂ 3 fde Civil Air
Poputations. . - | Y '
M@«&J—/ww AVE - o |

Ak - Wing Alrcrafc

Q‘Wﬁw@%ﬂ? Installation of Brittain Model BS Flight Control

Syste in accordance with Installation Imstructions 402-026-504, Revision A,
dated 1/19/81 and Master Drawing List 403-026-504, Revision 4, dated 3/30/81

or later FAA approved revision,

LornitaLions and Condilns:

FAA Approved Airplane Flight Manual Supplement dated Apr:l.l 1, 1981 is re:;uired.

Compatibility of this mod:.f:.cation w:.:h ot_her prev:.ously approved mod1f1cat1ons '
oust be detemmed by the installer.  .:-. - e L e :

JA@WMMJ&WMM”AM,&WMWMWMM
WMM”,WA&&MW@mMym
Fctoral Hialion Aiberiiniriralioms ' B

Dot pplintion: Jamuary 22, 1981 . Dutreisied: L
Lateslirsuance: “pApril 1, 193.1' L Peteemensts B - B |

: - . {(Signatwe)

Don’ P. Watson

Chief, Engineering and Manufacturing Branch

. (Title)

Amy alteration of this ceviificate i3 pmuhcbl: b] a fine of not exceeding 11,000, or imprisonment nol exceeding 3 years, or bolh.
This arrtificate may be travuforred in acoordamce unth FAR 21.47.

PAA Fous B110-2 {10-48)
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NATIONAL TEST PILOT SCHOOL

GENERAL BRIEFING GUIDE

. Roll Call

. Time Hack

. Brief Description of the Primary Mission

. Mission Times:

(1) Station
(2} Stant
(3) Takeoff
(4) Range

. Flight Lineup:

(1) Aireraft Commander
(2) Call Sign

(3) Aircraft Assignment
(4) Flight Position

Radio Frequencies:

(1) Start

(2) Taxi

(3) Takeoff

(4) Mission Frequencies
(a) Primary
(b} Backups

(5) Landing

(6) After Landing



g. Aircraft

(1) Weight

(2) Center of Gravity

(3) Stores/Cargo/Fuel Load

(4) Limits/Specific Aircraft Differences
(5) Takeoff and Landing

h. Weather

i Aircraft and Armament Preflight
j- Taxi and Arming

k. Takeoff

(1) Runway

(2) Lineup

(3) Checks

(4) Signals

(5) Interval

(6} Departures
(a) Routes
(b} Terrain Features
(c) Ranges

l. After Takeoff

(1) Checks
(2) Join Up

m. IFF Procedures
n. Joker, Bingo and Divert Fuel

0. Recovery and Landing:

(1) Type of Patterns
(2) Checks




p. After Landing

(1) Taxi
(2} Parking

q. Emergency Procedures:

(1) Radio Failure - ..

(2) Hydraulic, Electrical, Fuel, Oxyge.n, Engine (HEFOE)
(3) Takeoff Emergency Airspeeds

(4) Jettison Areas

(5) Bailout/Ejection

(6) Ground Egress

1. Special Subjects:
(1) Lost Wingman
(2) Survival and Life Support Systems
(3) Exchange of Aircraft Control and Configuration Changes
(4) Crew Coordination/Duties
(5) Enroute Terrain Features
(6) Midair Avoidance (see attached generic THA)
s. Alternate Mission (If Any)
t. Specific Mission Briefing (See SPECIFIC MISSION BRIEFING GUIDE)

u. Passenger/Non-Qualified Crew Member Briefing (See PASSENGER / NON-
QUALIFIED AIRCREW BRIEFING GUIDE)

v. Local Arca Briefing for Non-NTPS Crewmembers



12/84/2883 13:48 £618243483

FLIGHT RESEARCH INC

Migsien: Dac:
D-1 DERRINGER FAM
Lead J Studen ]i4
AC: Tiger:
Wingman | Student 1p:
AC: Tiger;
ncl: 1 Step: 1oz | Land:
Weight: | C.G. Fuek:
Freq: ~ | Opsi: Airspacc:

STTO (BRIEF MATCHING MPs ON T.0.)

CLIMB OUT AT 105 MPH THEN 115 MPH

CRUISE PERFORMANCE (trim shot for 30 sec)

140

j20

100

50

835

Visim Hpsror Yixr

RPM/FF

STALLS

Level flight, clean confg., idle power, 1 kt/sec, Vin 95 mph

Turning 30 bank left/right, clean, idle, I kt/sec, Vism 95 mph

Turning 30 back left/right, PLF, 3-5 kt/sec, V,,is 95 mph

Level flight, PA confic., idle, ] kt/sec, Vi;in 90 mph

Vaca DEMO (predicted 85 mph)

Clean config., one engine idle/one max RPM & full throttle

Decel to Vyea (wings level/zero SS/5 deg bank)

SINGLE ENGINE CLIMB DEMO (hold 110 mph)

PA config., one engine idle, one cogine max RPM & full throttle
(note VVT), rafise flaps (note VVI), gear up (note VVI}), 9” MP

on idle enginc{simulates feather, note VVI), close cowl flap on
bad engine (note VVI), zero SS (note VVI), 5§ deg bank (note VVI)

LANDINGS

PAGE 82/18




Mjzsioen:
D-T DERRINGER IFAM

Jaad l Ntudenir- s

A Tiger:
Wingnn | NinTeit: 1
AT Pyt

Mrict: | Stepy: Lo
Weipht: I G Fudk:
Frogp: l e 1 Anspucer

STTO (BRIEKF MATCHING MPs ONT.0O ~

CLIMB OUT AT 105 MPIHIIN 115 Sei

‘CRUISE PERFORNTANCE (frim shai for 30 se¢)
Visim haw Viax RPM/FF

140)

120

100

90

85

STALLS

Level flight, clean confg., idle power, 1 kt/sec, Vi, 95 mph

Turning 30 bank left/right, clean, idle, 1 kt/sec, Viim 95 mph

Turning 30 bank left/right, PLF, 3-5 kt/sec, Viim 95 mph

Level flight, PA config., idle, 1 ki/sec, Viim 90 mph

Yamca DEMO (predicted 85 mph)

Clean config., one engine idle/one max RPM & full throftle

Decel to Yaca (wings level/zero SS/5 deg bank)

SINGLE ENGINE CLIMB DEMO (hold 110 mph)

PA config., one engine idlc, one engine max RPM & full throttle
(note VVI), raise flaps (note YVI), gear up (zote VVI), 9" MP

on jdle engine (simulates feather, note VVI), close cowlflap on
bad engine (note VV1), zero SS (note VVI), 5 deg bank (note VVI)

LANDINGS




5618243483 FLIGHT RESEARCH ING al1g|
HICIISUDN oneet Gi‘d 1/

Stndent Enroellment Form
* Reguired ¥ietds

Sindent teformation:
{Aiiddle Iaital) Email Address*

Name (Lagh) = (First) * . ! al)
e P

9 ¥ _3?3&1:31 (’.umm-;v AG::?S'
Gyoungram, 8 chracnshr “mchmup. 8..=@og'1_ Fapub‘nc of }(oreai
Hank Titie Crew Position SENAD YasspeTs Numher

Drivers License Nomber  Work Phone ity Pate aud Location

3

H e ==ent Anﬁrc-q
Rnpf !5-'1.3 ot Ko.-nﬂ

fGyD'.:r.t',‘.-"e;'-‘:, S::.".eonshi. Sachaonm
f ourse Aftending ® Specily for Gther
P"'fﬂes erai | m—se Fixed W’mr'

i gy s e e

(.'nm-.-g Pata

Academic Backgrnond:

High School ate Gradeated Locztion
TeeanMigh School 1 2128/1888 N | Republiccf Korea

B e

{College / l"m'm!“'r ﬂa:e ("ﬂdu.ated H ﬂcaf'rn
A!r Ferce Awdemy Zagnesz anm hlic of Kerea | Asronautine -

{"-s-zdu.e Schoo! B i)a.e uraunnt:d um:at;ar. M i:"

4

T
D:_- ('raé ated Lacatian

Major

Advanced Neorae

¥yiog Backgrenand:
"’uea Wing l-r.an,zﬂ {(Setect) } esr Ratnf'
Ml .mary il - -
Ketery Wing Rx:m:( !‘w'ec‘}

=Sﬁ‘3d Hars. ...

fatromentMatng " YesrRated |

Licensas Nemier \.enn‘ry tanuod

e ngc‘___wor&orh -

Alreraft Quaiificaticns;

Hixed Wiag I'¥pe Afrcraft and Hones




student Background Informalion Sheet BOIX2/2

L) IT41:28Hows T T oy 3 ohous

P TS uh ot g [t ——— - iy e ——— —

3) IFSE/F: 420 Hours i 4) F-180/D{Block 32) : 230 Hours

5) KFJGCI'D(B!QCP 52): 750Hours ©0)

WL 8) e
l{nnry Wing Type Airersft xnd Hours

1) ‘ - 2)

3) | - 4)

51 . . 6)

Total Right Thmc ) Total First Pilot Flight Timc ‘

Carrent PPosition / Job Description / Field of Expertise )
Now I am werk;n; ftcr 52nd TestiEvaluaticon Group in Hosea, My ma:or job is | P
ia chasar for T-50;Golden Ragla.
{I have flown a chasa for T-52 since first flightauqust 23452,

Futere Position / Joh Description / Fleid of Expertize )
After graduiaticn of NTPS, I am going to iavolwve for T S0 developing :est S

and wsaapon s

For Professional conrse applicants onty. Flease nse the space helow to indicate your honsing regoirements L e,
single, married with spouse, spouse and chitdren. If applicshle, pleaxe list number of children, & gender and age.

| submit || Reset |
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FLIGHT RESEARCH INC

Student Information Sheet

MAToe.
Narme: ¢ :&E’oﬂs an i re

Local Address while attending school:

CA. 93534

=

Company Name or Military
Branch & Address:

Qimm{;:&am#%mu;@:_,;&dgt&p
=

_Eglubh f Kolea

Permanent Home Address:

@%ﬁmﬂmﬁ;@gﬁf
B

Eelpub,."c of Kerea

Administrative uce-

Assiened key ==§f % Class #:

passport +: [

Social Secunty #:

Drivers License #:

Spouse’s Name: T, egng‘g}'m Koo
Children:

Name:_] !Qng !:!i[m Kim Age: b
Name:_Sthyun Kim Age_ 3 __
Name: Age:

Name: ' Age:

Country:_ KORER

Clearance:
(Top secret, secret, confidential)

Rank: _ Hajek

(civilian, majer, capt,,cic.)

Crew position:__ P;|s£
(pilot, eng., nav., etc.)

Emergency contact;

Name: ;]eong.s}'m , Koe

o4 qu'ég SFosg
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Ron Bradley - National Test Pilot School

NTPS Biography

Ron Bradley

Test Pilot Instructor

Director of Flight Operations
Flying Safety Officer

Academic Qualifications:

Civilian
MS in Systems Management, University of Southern California
MS in Astronautics, Purdue University
BS in Engineering, US Air Force Academy

Military
Graduate of US Air Force Test Pilot School
Squadron Officer School
Air Command and Staff College
Armed Forces Staff College
Air War College
National Security Management

Professional:
Associate Fellow, Society of Experimental Test Pilots

Flight Qualifications:
Type of Aircraft / Hours [Flown over 150 different aircrafi]
Total Time (6000 hrs) [5170 pilot/830 navigator]
F-4 (3300 hrs) [2700 pilot/600 Weapon System Operator]
E-8A/C {modified B-707] (400 hrs)
F-16 (350 hrs)
T-38 (175 hrs)
F-15 (150 hrs)
A-7 (25 hrs)
MB-326 Impala (200 hrs) [current]
SK-35 Draken (25 hrs) [current]
F-4 Combat AC/WSQ (433/486 hrs)
[nstructor Pilot F-4/F-16/Other (1600/75/50 hrs)
Airline Transport Pilot B-707/B-720/B-737 Type Ratings

Experience:

Over 20 years experience as a test pilot at Air Force Flight Test Center, Electronics
Systems Center, and Civilian Flight Test Center. Experience includes all aspects of
aircraft flight test, weapons test and systems test. Flight test experience in over 30
different types of military and civilian aircraft. Extensive flight test expenence with the F-
4, F-15, F-16, and E-8A/C weapon systems.

Test Program Experience:
F-4 new weapons release computer for Federal Republic of Germany

http://www.ntps.edu/bios/bradley.htm

Page 1 of 2

12/4/2003




Ron Bradley - National Test Pilot Schoot

Introduction of F-110 engine and increased area horizontal tail to F-16
Full scale development of E-8A/C aircraft / weapon system
Laser ring gyro replacement for F-4

National Test Pilot School Phone: 661-824-2977
P.0. Box 658 Fax: 661-824-2943
Mojave, CA 93502-0658 USA Email: fyeadleyantpr.edu

http:/fwww . ntps.edubios/bradley. htm

12/4/2003
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TYPE OF PILOT EXPERIENCE OR TRAINING

AIRCRAFT —orm

20 AIRCHAF‘I’ INSTRUMENT
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DENT OF FLIGHT : )
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DFICIENCY GHECK - FAR §61.57(d)

HAS SATISFACTORILY
INSTRUMENT PROFICIENGY CHECK DN THIS DATE.

_Lh

INSTRUMENT PROFICIENCY CHECK - FAR §61.57(d)
MAMS HAS SATISFACTORILY
COMPLETED AN INSTRUMENT PAGFIGIENGY GHECK ON THIS DATE.

DATE CFI

EXP.

CFI D, EXP:

DFICIENCY CHECK — FAR §61.57(d)

CH

INETRUMEMT PROFICIENCY CHECK - FAR §B1.57{d)

HAS SATISFACTORILY MAMS HAS SATISFACTORILY
INSTRUMENT PROFICIENCY CHECK ON THIS DATE. COMPLETED AN (IKSTRUMENT PROFICIENCY CHLCK ON THIS DATE.
DATE CFl
X CHND. EXP.

INSTRUMENT PROFICIENCY CHECK = FAR §81.57(4)

FLIGHT REVIEW - FAR §61 58

) DFICIENCY CHECK ~ FAR §81.57(d)
HAS SATISFACTORILY
INSTAUMENT PROFICIENCY CHECK ON THIS DATE,

_CA

INSTRUME NT PROFICIENCY CHECK = FAR §81.57{d)
MA.MS HAS SATISFACTORILY
COMPLETED AN INSTRUMENT PROFICIENCY CHECK DN THIS DATE.

DATE CH

CFIND.

MR /M5 HAS SATISFACTORLY | MR.MS.

COMPLETED AN INSTRUMENT PROFICIENCY CHECK ON THIS DATE. COMPLETED A FLIGHY REVIEW ON THIS CATE, HS BATISIACTORRY
DATE A CATE CcH

CFI ND. EXP, CFND EXP

INSTRUMENT PROFICIENCY CHECK = FAR $61.57(d) FLIGHT REVIEW = FAR §51.58

MR./M5 HAS SATISFACTORAY | wRUMS

COMPLETED AN INSTRUMENT PROFICIENCY CHECK ON THIS DATE. COMPLETED A FLIGHT REVIEW DN THIS DATE. HAS SATSFACTORWY
DATE ch DATE tH

CFI NO. TAF, CFI NG AP

FLIGHT REVIEW = FAR §81.58 FLIGHT REVIEW = FAR §61.56

MAMS, Koar _ irann . HAS SATISFACTORALY MR.MS HAS SATISFACT Ant

COMPLEIED A FLIGHT HEVEW DN T
DATE /-

COMPLETED A FLIGHT REVIEW ON THIS DATE.




D-1 Derringer Wt & Bal

Fuel: 88 gal max, @ 6 Ibs/gat

N8602J
asof 28 Sep 02
itam Waight {Ibs}{ Arm (In) Moment
Empty AIC [+ 2,248 45 { - - 83,2 204 835 -
= e | Pilot 150 [ 087 - | - 13050 -
Copilot . 140 MU LB vl 242180 -
Maln Fuel 380 Ty g2 - . 33,120 -
Fwd Bag- 0 5. 28 R
Aft Bag 0 138" )
TOTAL 2,866 8909 - 263,185
21.8% mac
3,100 T
3,000 /’
2.900 / 4
"B‘ 2,800 /
; 2,700 !
o 2,600 —
" !
Z 2,500 /- ‘,
2,400
2.300 .
2,200 i

890 895 900 905 ©1.0 915 920 925 08I0 935

CG {in aft of datum)




NITES FLYING RECORD
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NATIONAL TEST PILOT SCHOOL
COURSE SIGN IN SHEET

COURSE TITLE: COURSE DATES:
Pre-TPS November 10-December 19, 2003
CLASSROCM  # 1 2 [{;} 5 [:1 PilotCrew
_MAME { Print as you want it on your certificate} i umber [ORGANIZATION WEIGHT |position  lwork phone
 CHRuTIEY  dotorur _ (RW) Qop=__ 100 | /60 | Picar [eys 994220
C SRk SESRuELH RIAE  J/0] V4D | PXLOT. |ves oo 703
Chong __ Kim okAR /50| &= 9 piley
Treheom Tin ROK AF /901 150 | viLoT
(VI Kok ROKAE 1781 1138 ur r
W< T3 A A Frungwy W ds 2IAY S67 sgo] enot
Coczott.  fuia | TAF /E5 1 qgs  [ee iy a
ERrsso SARRIKLE . \TAT_ /65 |85 \Themnod




NAME: CHEONGON KIM

PROFESSIONAL COURSE S

FLYING TIME RECORD T

CHEONGON KIM TESTPILOT FW
PROFESSIONAL COURSE JAN 2004 - DEC 2004

g e e s e e e b e e e e | SORTIE | TOTAL-
CDATE. JINSTRUCTOR] -~ = CACFT 75 5 " MISSION™ - - . | GRADE |""TIME | " TIME |
Aoveas) A7 UW-ral 1203 78 KN GASpd F Frval A //A /7 ¥
LoNavos | ky, yH-tap s 7P N Fhb frma LA N o5 ) S5

2003 Greq- i za /2 ehT EAmM A/A Lo .5
2/ N3 el C-153) 754531 [AM ASPA ) o5
2 hee 0 R oo 7 78105622 2. Fanm NAY /2 | 5.7
Sl 03 Uu:-.— LYEEY AT ES Farr ALfA nD.7 1 5.
hec X IR F LS L A S VL
- BN L B XL R T

N

11/6/2003




APR-1S-2004 enS3 DEFENSE OFFICE 282 483 1843

Aot rnsssn

Embassy of the Republic of Korea
2450 Massachusetts Avenue, Northwest
Washington, D.C. 20008

T Ry

L

To: MRr. KrisT1 DUNKS TeL No: 310-380-5658
NTSB, SW REGIONAL OFFICE Fax No: 310-380-5666

B T S WA

FroM: coL. KiM, HYUNGCHUL TEL NoO: 202-939-5693
AR ATTACHE Fax No: 202- 483-1843
DATE: APR. 15,2004 PAGE(INCLUDING COVER): 2

SUBJECT: MAJOR Krv's CETIFICATE OF FLIGHT EXPERIENCE

Dear Mr. Kristi Dunks,
As I mentioned in the Email, I fax you Major Kim’s flight record cetified by the

Korea Air Force,
Please find the attachment, and if you have any question or concerns, please et me

know.

Attachment: Certificate of Flight Experience

Sincerely,

Colonc! HyungChul Kim, Alr Attache
Embassy of the Republic of Korea

P.BL82



o: 04-111

g CERTIFICATE OF FLIGHT EXPERIENCE

% ame ¢ Kim Cheon Gon Service ! [ valuation Group

,, e Of Birth(SSN / Passport No) : M

é Type . Pilot —Quty ) : Date

of  Landing “ Co-Pilt |Msiructor  Student  Flight  Total — Dy | —Might Instrument Others of

3 Commander Pilet Pilot  Engineer Time, 1,c0f  Cross Loaal  Cross  Simulste  Actual  Simulate Flight

g= 16C/0 335 188113 Q00 7126 0000 000 34:15 137:03 333 14114 000 40:40  0:00 000 200208:
SRE/F 825 416:57 0:00 000 0:00  0:00 62:02 24B:12 618 2515 000 750  0:00 €00 199602
<F16C/D 625 535:10 0:00 188:35  0:00 0:¢0 89.00 306:02 27:19 10319 000 102:05 0:00 0:00 200310t
IN235M 0 1:18 0:00 000  0:00  0:00 015  1:03 0100 000  0:00  0:00 000 0:00 200303
HHB0P ! 2:08 0:00 000 000  0:00 0:25 1943 000 000 0:00 0:60 Q.00  0:00 200303
K¥xi1 1 0:00 0:00 tH | 0:00 0:00 c:10 049 0:00 0:00 0:00 0:20 0:00 0:00 200303
T37C 182 122:20 0:00 Q:00 0:00 0:00 20:29  B1:56 0.42 2:48 0:00 16:25 0:C0 0:00 199204
T418 &0 0:00 0:00 .00 2321 0:00 4:40 18:41 0:00 0:00 0:00 0:00 0:00 ¢:00
TS0 1 0:59 0:00 000 000  0:00 0:11 0:48 @00 000 000  0:00 000  0:00 200300
F16SIM 0 0:00 0:00 0:00 0:00 0:00 [N 0:00 0:00 0:00 0:00 0:00 0:00 66:45 0.0 200100.

y Total 1820 1237211 0100 271012 2321 000 WOERd 22127 B86:03 37:52 151:38  0:00 23440 66:45  0:00

s

:

o . o o A

[his certifies Flight experience of ihe person mentioned above according 1o article 79, Korea Aviation Enforcement chulauoq;@- 3‘:.'% ﬂ

Jate: 08 January 2004 Agency ; HQ, ROKAF Telephone ; 02-506-1561

FPR-15-2084 B7:53

Chief of Staff  RCHIALE

7‘:&:)'

TOTAL P.B2




Ref: NTSB ID LAX04FA057 Wing Deminger D-1 N8602J
To: Kristy Dunks @ NTSB
From: Dan Chandler, Work Phone 661 824 4136 Cell—

This is an opinion to support the theory of how the 3" section of the elevator
aft control tube became missing as a result of the accident on 04 December
2003. Reference attached photos.

The following parts will be discussed and there involvemnent in the theory.

Follower assembly P/N 300225-27
Elevator contro! tube (forward) P/N 300020-5
Elevator control tube {Aft) P/N 300020-7

Photo #1 shows the elevator control at its most aft position with the top of
the follower assembly positioned forward. The forward end of p/n 300020-5
was found attached to its normal point at the lower end of clevator vertical
control tube (not shown). The afl end of p/n 300020-7 was found attached to
its normal point at the elevator control bellerank, With the two control tubes
fixed at both ends and at the follower assembly, this places 2 point of the
forward section of p/n 300020-7clevis (missing) hard against a section of the
follower assembly P/N 300225-27 (see photo #2 clevis/follower contact
area), The remaining section of the aft control tube showed evidence of a
shearing action from the inside caused by the downward rotation of the
clevis. | believe with the elevator in the position described above, the force
of the impact with the ground was what broke the clevis from the aft tube
and the section from the follower assembly (see photo # 2 and 3).

Note: The position indicator {L) in photo #2 is incorrect. It should show the
position as viewed from the Right side.

Attachments: Photo 1,2,3.

Dan Chandler
661 824 4136
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FORWARD

FOLLOWER ASSEMBLY

#1 VIEW FROM RIGHT SIDE
Photo 1. Elevator Control (1)
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Photo 3. Elevator Control (3) ‘




file/// A RADAR%:20FTLES/n8602j%201a1%20longs.txt

16:37:21.421
16:37:26.216
16:37:30.696
I!:37:35.501

:37:40.296
16:37:44.776
16:37:49.576
16:37:54.377
16:37:58.856
16:38:03.652
16:38:08.459
16:38:13.255
16:38:17.735
16:38:22.539
16:38:27.018
16:38:31.816
16:38:36.623
16:38:41.409
16:38:45.898
16:38:50.697
16:38:55.502
16:38:59.980
16:39:04.778
16:39:09.256
16:39:14.054
16:39:18.859
16:39:23.340
16:39:28.143
16:39:32.939
16:39:37.417

139:42.222
—39:47.018
16:39:51.497
16:39:56.303
16:40:01.089
16:40:05.577
16:40:10.376
16:40:15.178
16:40:19.657
16:40:24.453
16:40:25.248
16:40:33.747
16:40:38.534
16:40:43.339
16:40:47.817
16:40:52.613
16:40:57.411
16:41:01.887
16:41:06.695
16:41:34.855
16:42:03.016
16:42:07.494
16:42:12.302
16:42:17.089
16:42:21.893
16:42:26.372

:42:31.171
42:35.974
142:40.452

16:42:45.259
16:42:50.054

file:/IA/RADAR% 20FILES/n8602j%201at%201ongs. txt (1 of 4) [7/1/2005 10:26:17 AM]

35.045B6806
35.043793213
35.04240195
35.03995188
35.03697693
35.0352184

35.03380469
35.03095916
35.02952744
35.02658502
35.02407143
35.02262725
35.01495415
35.01826113
35.01675444
35.01823589
35.01302727
35.01152713
35.00926715
35.00623594
35.00509403
35.00318466
35.00088332
34.99818475
34.99663622
34.9%391513
34.99030679
34.98757855
34.98405146
34.98208279
34.9785231

34.97574054
34.97334607
34.,9705418

34.9681292

34.96449529
34.96206297
34.95840044
34.9559497

34.95267117
34,94979264
34.94787041
34.94495413
34.94161114
34.93825786
34.,93657752
34.93363123
34.93067703
34.92854717
34.91239809
34.9004545

34.85879132¢6
34.89533166
34.89303621
34.89178491
34.88911631
34.888B2852

34.88546924
34.88366026
34.88B134927
34.87852652

-118.1862802
-118.1882097
-118.189483
-118.151686
-118.1511711
-118.1926969
-118.1939057
-118.1962911
-118.1974677
-118.19678975
-118.198792
-118.1999168
-118.2056427
-118.2032258
-118.2072881
-118.2062174
-118.2099511
-118.2109926
-118.2125337
-118.2145488
-118.215292¢
-118,2165181
-118.2179649
-118.21962
-118.2205498
-118.2221489
-118.2214033
-118.2229193
-118.2248155
-118.2258432
-118.2276462
-118.229007
-118.2301442
-118.2314368
-118.2325153
-118.2340821
-118.2350925
-118.2365566
-118.2374983
-118.2387109
-118.2397316
-118.243027
-118.2439843
-118.2450314
-118.2460283
-118.2465079
-118.2473168
-118.2506824
-118.2512087
-118.2596603
-118.2715504
-118.2743701
-118.2771628
-118,2773569
-118.,2799982
-118.2827249
-118,2853186
-118.2854692
-118.2880903
-118.2907133
-118.2933248

1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200
1200




TIME (UTC)
16:37:21.421
16:37:26.216
16:37:30.696
16:37:35.501
16:37:40.296
16:37:44.776
16:37:49.576
16:37:54.377
16:37:58.856
16:38:03.652
16;38:08.459
16:38:13.255
16:38:17.735
16:38:22.539
16:38:27.018
16:38:31.816
16:38:36.623
16:38:41.409
16:38:45.898
16:38:50.697
16:38:55.502
16:38:59.980
16:39:04.778
16:39:09.256
16:39:14.054
16:39:18.859
16:39:23.340
16:39:28.143
16:39:32.939
16:39:37.417
16:39:42.222
16:39:47.018
16:39:51.497
16:39:56.303
16:40:01.089
16:40.05.577
16:40:10.376
16:;40:15.178
16:40:19.657
16:40:24.453
16:40:29.248
16:40:33.747
16:40:38.534
16:40:43.339
16:40:47.817
16:40:52.613
16:40:57.411
16:41:01.887
16:41.06.695

LAT
35.04586806
35.04379323
35.04240195
35.03995188
35.03697693
35.0352184
35.03380469
35.03095916
35.02952744
35.02658502
35.02407143
35.02262725
35.01495415
35.01826113
35.01675444
35.01823589
35.01302727
35.01152713
35.00926715
3500623594
35.00509403
35.00318466
35.00088332
34.99818475
34.99663622
34.99391513
34.99030679
34.98757855
3498405146
34.98208279
34.9785231
34.97574054
34.97334607
34.9705418
349681292
34.96448529
34.96206297
34.95840044
34.9559497
34.95267117
34.94979264
34.94787041
34.94495413
34.94161114
34.93825786
34.93657752
34.93363123
34.93067703
34.92854717

GAP IN RADAR RETURNS

16:41:34.855

34.91239809

LONG
-118.1862802
-118.1882097
-118,189483
-118.191686
-118.1911711
-118.1926969
+118.19398057
-118.1962911
-118.1974677
-118.1967975
-118.198792
-118.1999168
-118.2056427
-118.2032258
-118.2072981
-118.2062174
-118.2099511
-118.2109926
-118.2125337
-118.2145488
-118.2152926
-118.2165181
-118.2179649
-118.21962
-118.2205498
-118.2221489
-118.2214033
-118.2229193
-118.2248155
-118.2258432
-118.2276462
-118.229007
-118.2301442
-118.2314368
-118.2325153
-118.2340821
-118.2350925
-118.2365566
-118.2374983
-118.2387109
-118.2397316
-118.243027
-118.2439843
-118.2450314
-118.2460283
-118.2465079
-118.2473168
-118.2506824
-118.2512087

-118.2596603

MODE 3A MODEC GROUNDSPEED
1200 UNK

1200 UNK

1200 UNK

1200 UNK 112
1200 UNK 112
1200 UNK 112
1200 UNK 112
1200 UNK 112
1200 UNK 116
1200 UNK 116
1200 UNK 116
1200 UNK 116
1200 UNK 116
1200 UNK 112
1200 UNK 112
1200 UNK 112
1200 UNK 112
1200 UNK 112
1200 UNK 112
1200 UNK 112
1200 UNK 120
1200 UNK 120
1200 UNK 120
1200 UNK 120
1200 UNK 120
1200 UNK 120
1200 UNK 120
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 140
1200 UNK 134
1200 UNK 134
1200 UNK 134
1200 UNK 134
1200 UNK 134
1200 UNK 134
1200 UNK 134
1200 UNK 134
1200 UNK 134

1 A4

o



MAG COURSE VERT SPEED
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK
UNK

UNK




THESE RECORDS MAY BE RELEASABLE UMDER THE FOIA REQUEST 15
DAYS AFTER BIGNATURE DATE UNLE S5 WE HEAR OTHERWISE FROM

e FAANTSB COUNSEL

U5 Depormeny Mag Momorsy PO So. 25002
of Toreporiown AsronEsAcs. Caniee Oauphoma Cay Ouiphoma 73123
Fedarc Aviation

Tuesday, January 20, 2004

National Transportation Safety Board
1515 W, 190th St, Suite 555
Gardena, CA 80248

ACCIDENT # 0353 INDMDUALS: 001 HAME: BRADLEY, RONALD G. MODE: AVIATION
DATE OF ACCIDENT 120472003 DATE RECEVED 12082003 PUTREFACTION:  Yes
N # 36024 NTSB # LAXO4FADST CAMIREF# 20030035300t

LOCATION OF ACCIDENT ROSAMOND, CA
SPECTMENS Bile. Blood, Brain, Gattric, Hesr, Kidney, Liver, Lung, Muscle, Spieen
FINAL FORENSIC TOXICOLOGY FATAL ACCIDENT REPORT ]

CARBON MONOXIDE: The carbaxyhemoglobin (COHbD) saturation is determined by spectrophotometry
with 2 10% cut off. Where possible, positive COHbD values are confirmed by GC/TCD.

»>> NO CARDON MONOXIDE detected in Blood

CYANIDE: The presence ¢f cyanide is screaned by Conway Diffusion. Positve Cyanides are quantitated
using spectrophotomatry. Tha limit of quantitation of cyanide is 0.25 ug/mL. Normal blood cyanide
concentrations are less than 0.15 ug/mL, while lethal concentratons are greater than 3ug/mlL.

>> NO CYANIDE detected in Blood

VOLATILES: The volatile cancentrations are determinred by headspace gas chromategraphy at a cut off of
10 mg/dL. Where possible, positive ethanol values are confimed by Radiative Energy Atlenuation.

>> 10 {mg/dL, mgfhg) ETHANOL detacted in Biood
»» 33 (mg/dL, mg/hg) ACETALDEHYDE detected in Bload
>> NO ETHANOL detected in Muscle

> N ETHANOL detected in Brain

-Notes:
-The ethanol found in this casa is from postmortem ethanol formation and not from the
ingestion of ethanc!,

DRUGS: Immunoassay and chromatography are used fo screen for fegal and illegal drugs which include:
amphetamine (0.010), opiates (0 010), manhuana (0.001), cocaine (0.020), phencyclidine (0.002),
benzodiazepines {0.030), barbiturates (0.060), antidepressants (0.100), antihistamines (0.020),
meprobamate {0.100), methagqualone {0.100), and nicotine (0.050). The values in () are the threshold
values in ug/mi used to report positive results. Values below this concentration are normally reported as
not detected. GC/Mass Spec, HPLC/Mass Spec, or GC/FTIR, is used to confirm most positive results.

>> NO DRUGS LISTED ABOVE DETECTED in Blood

) Date: 2004.01.23
A ¥, 12:51:20 -06'00'

Dennrs Canfield, PhD.
Manager, Bioaaronautical

Sciences Research Laboratory

Pageticl ¥



THESE RECORDS MAY BE RELEASABLE UNDER THE FOLA REQUEST 15
DAYS AFTER SIGNATURE DATE UNLESS WE HEAR OTHERWASE FROM

Q FAA NTSB COUNSEL

US Deporyrars My Mo aney PO Bom 29087
of Traporomon Agroreunce! Canvge Ouwiarerra Cay, Ohnhome 7312%
Focerol Ariction
Friday, January 02, 2004
Natlonal Transportation Safety Beard

1515 W. 190th St Suite 555
Gardena, CA 90248

ACCIDENT # 0353 INDIVIDUALE: 002 NAME: Wi, CHECMH GON MODE: AVIATION
DATE OF ACCIDENT 12042003 DATERECENVED 124057200 PUTREFACTION: Mo
N & B802J NTSB# LAXD4FADST CAMIREF @ 200300353002

LOCATION OF ACCIDENT ROSAMOND, CA
SPECIMENS Bile, Bicod, Brain, Gasinc, Heart, Kxiney, Liver, Lung, Muschs, Sploen
FINAL FORENSIC TOXICOLOGY FATAL ACCIDENT REPORT ]

CARBON MONOXIDE: The carboxyhemoglobin (COHb) saturation is determined by spectrophotometry
with a 10% cut off. Where possible, positive COHb values are confirmed by GC/TCD.

>>» NO CARBON MONOXIDE delected in Bicod

CYANIDE: Tha presence of cyanide is screened by Conway Diffusion, Posive cyanides are
quantitated using spectrophctometry. The fimit of quantitation of cyanide is 0.25 ug/mL. Nommal blood
cyanide concantrations are less than 0.15 ug/mL, while lethal concentrations are greater than 3ug/mL.

>> NO CYANIDE detectad in Blood

VOLATILES: The volatile concentrations are detemined by headspace gas chromatography at a cut off
of 10 mg/dL. Where possible, positive ethanol values are confirmed by Radiative Energy Altlenuation.

»» NO ETHANOL detected in Blood

DRUGS: Immunoassay and cheomatography are used to screen for legat and ilegal drugs which
inciude: amphetamine (0.010). opiates {0.010), marihuana {0.001), cocaine (0.020). phencyclidine
(0.002). benzodiazepines (0.030), barbiurates (0.060), antidepressants (0.100), antihistamines (0.020},
meprobamate (0.100), methaqualone (0.1€0), and nicotine {0.050). The values in () are tha threshold
values in up/mL used to report positive results, Values below this concentration are nommally reporied
as not detected. GCMass Spec, HPLCMass Spec, or GC/FTIR, is used to confirm most positrve results,

»>» NO DRUGS LISTED ABOVE DETECTED in Blood
_ .,/ Date: 2004.01.23
Pty biieg Ao Wif‘“/ 13:23:45 -06'00'

Manager, Bicaeronausical
Scances Research Laboratory

Pagetof 1
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KErud REGIONAL CRIMINALISTICS LABORA ORY
REPORT OF ANALYSIS - CORONER'S REQUEST

CASE# C.2451 03

CASE DATE 121472003

COLLECTION DATE; 12/5/2003

LAD £ CTD03-00585-01

SUBJECTS NAME: Ronaid Gay Bradley

CRIME LAS / RECEIVED DATE: 12/42003

REFERENCE {#B:

REFERENCE LAB &

Abohol

D Indrvidual Drig

[:J Othar(s}

E] Drug Sceen

E] Carboxyhemogiohin : Volaties

TEST

*SANPLE
TYPE

LABORATORY RESULYS ANALYST(S)

DATE OF
ANALYSIS

DRUGS OF ABUSE:

Negative MCF

12/18/2003

Mathamphstamine

Amphetamine

Barbiturates

Bonzodiazepines

Cocatne

Opiates

Codsing

Marphine

Acetymorphine

PCP

Marjuara

Alcahol

Negatrve MCF

12H7/2903

co

Voatiles

Diner

NOTES:

‘Sarpie Type
B=Blood  UsUrie
V=virous O=Oger

REVIEWED BY:

DATE: December 26, 2003

K
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i L
KE. .{ REGIONAL CRIMINALISTICS LABORAIORY
REPORT OF ANALYS!S . CORONER'S REQUEST

—

CASE #: C-2462-03

CASE DATE 120472003

COLLECTION DATE; 12/5/200)

LAB # CT03-00596-01

SUSJIECTS NAME: Cheangan Kim

CRIME LAB f RECEIVED DATE: 12/3/2003

REFERENCE UnB:

REFERENCE LAB #.

Lx__! Alcohol

D Indivichuad Drog

m Other(s)

[T. DOrug Screen

D Carboxyhemogiobin

D Volatins

TEST

*SAMPLE

TYPE LABORATORY RESULTS

DATE OF

ANALYST(S) | »uaavsts

DRUQS OF APUSE:

Nagaive

WCF 12/16/2003

Methamphetamine

Amphetamine

Barbilurates

Benzodiazepines

Cocame

Oprates

Codene

Morphine

Acatyimorphine

PCP

Marijuana

Alcohol

X Negabva

MCF 12/17/2003

co

Volatles

NOTES:

“Sarrpla Trpe
BeBlood  Us=Umg
Va\itreous O=Otrer

REVIEWED BY:

DATE: Decamber 26, 2003

/=2 -0F




STATEMENT OF PARTY REPRESENTATIVES TO NTSB INVESTIGATION

Aircraft ldentification

Registration Number JLOZJ

Make and Model Wina D-1

Location |Lamgsks (02
Date lL-4-0

The undersigned hereby acknowledge that they are
participating in the above-referenced ailrcraft 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 perscn
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
ocbtained 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 cobtained during the course cf and
as a result of participation in the NTSB3 investigation as
described above. It is understood, however, that this fcrm
is not intended to prevent the undersigned frcm
participating in litigation arising out of the accident
referred to above or to require disclosure of the
undersigned’s communications with counsel.

SIGNATURE NAME (Print) PARTY DATE

Joln Butler ‘FCOQH',.’ & De< o7
(Continued on reverse éide)

Rz~ O Suagoke FR T S e



PART 831 - ACCIDENTANCIDENT
INVEERTIGATION PROCEDURES
Sex.

BIL1  Applcability of part.

212 Respomibility of Bosrd.

1311  Asmhonty of Dirsciors.

K14 Neoarw of isvertigation.

D13 Pricuity of Board ipvestigstions.

B34 Raqed 1 withhold mformation.

D17 Righ of mpresscation.

8318 Iyvesignior-m-charge.

MY Amhonty of Board

DG Amcpwes,

B3 1] Funiss 10 the fleld imventipation.

83113 Accest W and reisase of wreckape, recards,
wail, and carga.

0113 Plow and disainaion of sceideat informe-

o
51.14 Praposed findings.

Authericy: Ludepradest Selcty Bowrd Act of
1974, o smended (89 US.C, 1101 ot sey.); Fed-
el Aviation Act of 1928, = smended (89 US.C,
40181 «f sey.).

§ 1311 Applicabllicy of part.

Unlewms otherwise wpecifically ordersd by the
Novooal Tramporstion Safefy Board (Board), tw
mdmmMWJMw

TITLE 49 - TRANSPORTATION
CHAPTER VIII - NATIONAL TRANSPORTATION SAFETY BOARD

BVRCTIVI: PEBRUARY Ju. |99?

2 T sormd civil svistion. I8

hmdnmﬂm'l‘-&inamﬂm
imwalving civil st of US, mpevy o
samincors, whers the forvign slate i 8 sigmury o
Aswx 1Y w the Chicago Comwmion of the
lniermational Civil Avistson Organization, the ssie of

hdbylhpcmda\m lllnthhr.-p
otion, of i the sccidest or |

ig of such sccdest of ixideal combucied
by otwe Feders) sgencies. The Safety Board shall
provide for the spproprists participstion by oder
Federal sgencien im any mech imvestipstion, excop
that such agencies may 0ol pancipss v e Sefery
Boued'y d ication of te probsbie caus of the
sccideat or incident. Nothing i this scction impesrs
ﬂmdmwlmbm

Ligeih of am dert or iacidenl wnder
liceble provisions of lrw of o obtace information

puNi:m:un (Amwsz 13 appliss ﬂrncml
sircaft), e conduct of the irvestigstion shall be s
contonance Wik BNy agteeme ¢ered imo berwees
the Ussted States and the forvigs mats.

(b} Surface. 'ﬂ-lcnﬂnmﬂ:llblh-

&nﬂybu-pnmunvdwdnmimn
e 1ticn. o d they
hmmmdmmh&fq Bomrd's
iowestigation. The Safety Board and other Federal
egencise shall ausure Bl approprise infocmation
cbuined or developed in tw coune of thew
Hvestigution i§ exchanged s § timely mancer.

FETLE  Reqmest v withhald nfamation

(s) Trade Secrem Act (I USC 190),
Exempiion ¢ of the Fresdom of Wjormadon Act (3
U.LC 33D (FOIM), and The Indepenicnt Safety
Baurd Act of 1974, as amurded.

(I)Gcmnl. 'I'hTth-u-uAﬂprwwd:

P far trad
diac} dmmmmﬂ?w&d
fidevaia) | ink t The Freedom
property damage.
(ﬂmrmm Thhd- of Information Al mxharizes witbhalding of much
also hls for the & - of am aformetion; however, the Indepeadent Safety Board
A et Cccurs in conoaction with the Act, st 49 US.C. 1114(%), provides thal the Boand

Aacied undor te suthority
of i VI of the Fedacal Avistion Act of 1938, o

dod. sl the lodwpwrdent Safety Bosrd Act of
1974, Rules applicable 10 actident hearings and

roports are et forth im Pact B43.

$ 1013 Respomsihility of Board.

{#) Avigzion. ([) Tha Board is responaible for the
orpanizauon, conduct, aad comrol of all sccider gad
Uxidert irvestigaticn (see Sec. §30.2 of this chap-
war) within the Unod Siated, s territones s0d pop

i ‘whare the accideat & Incideas volves sy
=ndsmlwmnp\hh:mmnluqnﬁd-
Sec. £30.3 of this chagter), i
ndw‘ﬂviupﬂsmltuwﬁdnsc
5305 on the o band, aod an Arrsed Foross of
ill:mpmnmmlnhmhnd. lh
alsy ble bor i h

may, wnder cerlain  cicurwancss,  diclow
information relaied 10 Urade secrms.

(D Procsdurss.  Jolonmation subsniticd w the
hﬂmunﬁummwﬁnulm

avcret or confid
aMnﬁuTnd-SmMuﬁ)Mhum
4 shall be so idectified by tw submitier on each sad
ﬂu‘]plpd'mdnnuu The Board shal grve

m.wdw‘l’m&&y.

ummmummmm»
volve civil sl sodior certain public ercrall,
when e sccident/incidesl i oot in the erriory of
sncthet country {i «., in iemetional weers).
mCmmmmmu’hm

Acrd by e Federnl Amation Admini
(‘FM).pu—uh- llquhhmuqd
of Ti

Cm-AmaAm -Mnfd-mqlﬂ.
1977 (the et of the reques s comained ia the ap-
peodix o part X0 of this chepler), bul the Board
detertincy e probable coume of such ectideiy of
inidents.! Under wo circerwtsces ws svistion
inverstignuon where the porlon of the wivesigvian
is vo delegmad W G FAA by the Board considered
5 be s mvestigations in the I_-dd-m'
rexspongibility, Thess wesigstews remain NTSB

{)) Tha Bowrd is the apeecy charged with
fulfilling tw obligations of the United States wnder
Anncx 13 w0 the Chicago Coavention on Lsernationsd
Cmammmummlmmm
wm-m&ml“

of sy woft 00 ideified, or
ufmhaudhlm“h
balieve qualifics a3 8 trade secret or confidentisl
commercial information subject sscher 10 e Trade
Secres Act ar FOIA Exsmption 4. the appartunry o
o8 any L et P
o 4 US.C. LL14b). Io oll imancey wherr the
Board & to dixcioss p w4 USC
111400) snd/or § U8 C. 552 ot luast 10 days® patice
will be provided the subminer. Nﬂnu,-!hc
ded the mbmitier whem diacl is
h.h-mmmuduumm-u
wectified by the wmbmfer o8 Galifying for
withholding, as is required by this subecction, unicss
the Board bas sbstacial ressom W0 beficve that

Mgﬂmwﬂﬂh&xhﬂ. Refererce to
nch jou for the purp of aafety

Adminiprative Procedurs Act (3 USC. 304 &
g}, end sre mil conkxied for s parpom of
delermining 2 righte or lisbiliuey of any persas.

[ Uk ] m_d’l-lhm

dald will bes underukea  with
considerstion for the confidentisl peturs of the
wrydarlying dntabese(s).

) Other. Any persom pay meks wridles
chjection w0 the poblic disclosure of any other
informalion contamed i 41y repont or dacument
Eied or otherwise oblained by the Board, mating the
pwndnfumwpcuu. The Smnd, on s cwn

of an acrides of incident

+ Tir axsluarivy of s represmesre of du FAA darsy s v g
G o Em w0 of 3 Bl Eveingoell winhiS S fuit

. ‘MNS&I",MMM«M»
umm:bpnmdmnchw(cw
majr marine igvestignlons conduced under 49
US.C, FI3ANINE)) bas prionify over all other

4 Pt 130 ghag greerey S ettt of A eeigaias i Wk
 Baird ol G Cuagn Gramrd purucipme sy

or il sch ohipction is mede, may order
such information withheld from public dschosure
when, in s judgment, the information may be
withheld wunder the provinom of



witergion 10 the Frowdon of bdformation Act (3
USC. 352, see pant 001 of this chapuer), and ita
refessn i found ot 1o be i G public inenen.
TOLT  Right s represcststion.

Any persom inierviewsd by sa msthorived
mundhhﬂdmgumm
repurdicms of e frm of the merview (rwom,
unswarn, trasecribed, sol Wanecribed, #ic.), has e
nghi 10 b sccompancd, reprewried, or sdvierd by

componedt, and shall by conducsed s mach o mwaner
0 as o premrvy, W0 e marioan setery fessdle,
qhﬂm“quunmm

wd

represeniative of the Board whea i is devgrmined
thai the Board has o Parther ared of mech wreckspy,
wal, carpo, or rvoords.  When such waterial jis

Cohdest Wik e teeds of e i T
with the cooperston of Rl gumer oF Optteior.
§ E30.20 Antapuies,
The Balnl is suborized 0 cbisia Wil of

" panp Jar
fois ’:_'f""d""ﬂ'_"' B Board. The imvestigator-in-cherge, on bulf of
The  dusigs gy harge (UC) (e Boand, Swy ardes &8 swiopey OF smck Other ey
. e, aod g e Finld of such persoms s wuy bs sscemary ko n
phase of the i ) dem of whettet 2 (pnaipt idad that 10 the evieat conmisast

L ol in as B OTicial
spokesperscs for tie Safery Board) Tha OC has the
n-p:-uiuhy ard ou‘hmq w0 supsrviss aad

brities of all
muhmummm.-
dw ow as i jon. The DIC © hove
durhl sl end  maspemen
respoativitien Ihm‘hal lawr phases of the
investigation, Up 0 aad  ichding  Bownd
mnﬂmd-mabﬂrd
peobable caome(s).

() AT bvesipations, reperdions of mode.

(“'“' [ paruss 0
in the jevedip hﬂaﬂMh
Mwhm,

dcased, Form 6120.15, “Relotrs of Wreckage ®
wll by completed, scknowdedging recepe.
lﬂll.'l ﬂ-w-‘h—h.ﬁ-dwdd_w

n h!mufmfmmu‘mﬁdd
ielarfy 88 the sccidest acena, shall
hwummmmu
mosdem culy Shecugh tee Bord Momber preseet o the
sccident scenw, the repressmacive of the Bourd's
Offics of Public Affews, or the ivastigaior-in-
charpe.

(h) ANl informstion eonceming e sccident ar
md:-abuu-d by asy penos or orguaration
ipaing in the i iguticn shall be passed to
Ih'ﬂchwﬂwuu channeis hefors bwing
provided (o any mxdividual cutsde the mvestigation.
Mﬂhh mv:mpum may relay o their

soad whosy  smployees,
ﬁmmwpmﬁmmmdﬂnlb
sccident or mxcudent and who cam provids i

mql’u'

purpuu of preventny  of remedial | action

However, m inlc 3 iog e sccidert or

incident may b ek ‘hu'plﬂ:nnlplny
ive 10 the i (e bodi

mwww-dﬁ-m

ﬁymmm,nm-hh

1013  Autharicy of Board rep ot
ia) General. Any soployes of e Board,

igation. Odwe thas the FAA in avialion casts,

0o utber eotity i afforded the right o partcipais in
Bourd icoveatigiions.

lenhmmgmu('- panty

pmunhyuhpmdmm
The Sslety Basrd mey ims & fubposas, srforomshle
in Federal dimsict court, w obtais testimony o other
tvidence.  Avthorized ropreseatatives of the Board
Ay quesion &ty perss baving knowledge relevam
0 an  wcideniacidemt, wndy, or  special
investiguion.  Aumborized represcatauvas of e
Bourd also have exclusive suthority, on bohalf of de
Mhh&hmuiﬁlmw‘mﬂh
[ daxiginm o tha person thet will
conduct the lew, “the type of lasl that wmill be
conduciod, and any imBvidual who will witsess e
tnm .
&)Am Mwlﬂ,ﬂ“ﬂthﬂw
ls = awthorized W
-munﬂunh.mmrymuﬂ
sircafl, sircrafll engine, peopeller,
property aboard sn susrsd imvolved in s actident in

A COmNTETS,

(&) Swrface. (l)m'wmolﬂ-ﬂwd.
upan p
tolsdntcwmnquhuk vunl.rdm‘-m,
wack, pipelim component, of oy part of such iem
mlu:hmnumotleﬂm‘u '

sod/ow the Larger

for wxch paricipsion by oher  dopsrimacs,
apevcint, of instromentalaies. The FAA and hoss
othwy ontilics that most the qui of

0 bafore initial eeicase by the Safcty
mmmwmmdu
nc,

JRL14 Propued Radings,

(s} Genwrl.  Aay penom, povernmant agency,
o " whose

o p wyre invaltved in o0

idert or incideat wodet i tign oy subersit
0 the Bosrd writus proposed Endings o by drawn
frovm the svideore produced ducing the courss of e
mmnpwmmcm nwur
prop salecy g o

oy
Roarat’ "

in caleratured for considersion o 8 Board mecting.
umm“mwuunm
pu:nud w wafl in sdvamce of Ih- fatrmal
of the 3 This pr

M-dhum’m&nmdnﬂm

(c) Exception. Thia limitstas does not apply 1o
ety anforcecot casts bamfled by the Bosrd
purmmnt bo part 82t of thia chapus. Scparsa ax
parte males, ot pan 21, wipen ), spply 1o those

parsgrwph (s)1) of iy sectaon will ba paries W e
mmhmwuldmmd
mbject 0 e seme Eonstetions a cthey pactics,

peovided b oy (hat repe ives of Uw FAA
u-d-:lsinlb:"‘ of Party Rup th
%0 NTSB lnvestipation™ (ws pacagraph (b) of this
Sathon).
M) Aviction drwarriy In sddition W
ki with the provisons of p oh {a) of
hm.d»mhmﬂmmﬂn
g oof e recui and limiteti

Mlﬂ-.lﬂhﬂ!wtmnlm
investigations shall sigm 'MM.#M

spplisca, o upog . stanm.  Fulire
uimely 1o sign thet Astemen waf reril i asactions,
ischading lose of Banm aa & parry.
i DLI2 Accos o sod releme of wrechape,
recards, mall, and carge,
(x} OI'Q the Board's sccaders investigstion
¢ 1o be ahorized by Gw

quired for purposss of such i g

() Any exaamirstion or weing shall be
amamm-muuubnnfu-
with o ob ily the
mnwbhmwmmd’m
wehicla, wessel, rolling #ock, Ik, or pipwline

mwmnpmnnqm
incompgation, euaminslion o leang  shell
permined sccesa W0 wracksge, recoeds,
cargo in the Board™s cusiody.

() Wreclage, records, mail, snd carpo is the
Basrd's cusody st be relessad by an sutharirsd

ullll..uf

Iued in Wishingion, DC s 21 day of Juouary,
197

Jum HaB,
Chairman

[FR Dz, 971810 Filed 1-24-97; 3 45 s
BILLING CODE 7553-01-M
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NATIONAL TRANSPORTATION SAFETY BOARD N TFIATION
RELEASE OF AIRCRAFT WHECKAGE
LAXQ4FAQST
PART —RELEASE OF AIRCRAFT WRECKAGE
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Cutting the F/A-22 acquisition num-

ber that drastically could have huge ne
term implicatiops for F/A-22 production

lines at Locklieed Martin and Boeing.
The latter prilds one-third of the/ai s
structuy€. The Air Force h4s already

awarded contracts for 83 ¢f the stealth
fighters. If production were capped at
~near 100, it would foret the companies
to start shuttering lirfes soon after 2006.

arly analysis of the recent Lock-
heed Martin F/A-22 crash at Nel-
lis AFB, Nev,, is, for the most part,
producing theories of what did nor
cause the accident.

But Air Force officials fear—that with
Congress looking to cut programs in or-
der to finance more ground troops—it
is almost certain the mishap will further
delay production, and ultimately jeop-
ardize the stealth fighter's future.

THE TEST DID NOT involve flying with
a heavy ferry-load of fuel, shifting the
aircraft’s center of gravity or taking off
with insufficient speed.

“Itwas a routine flight with no unusual
configuration of external fuel tanks or
weapon stores,” says a senior Air Force
official. “The problem appcared on take-
off after liftoff. The pilot’s only input to
the flight controls was [upward] pitch.
There was no engine problem. There
was a pitch command and all of a sud-
den the nose went down. The pilot had
abou] 1.5 sec. 10 react, so he ejected.”

-+.The near-term impact would be t

www.AviatioaNow.com/awst

F/A-22 Takes a Fall

Test aircraft crashes soon after takeoff; l
search for the cause is in high gear |

DAVID A. FULGHUM and ROBERT WALL/WASHINGTON

F

There were areas of immediate in-
terest. One early inquiry involved de+
termining if there was an aircraft taking -
off on a parallel runway that could have
produced a wake or vortices that af-
fected the F/A-22.

In September, an F/A-22 was stressed
to 10-11g, past its operational limit of
9g, when flying through the wake of an
F-16 while carrying external fuel tanks.
The overstressing was blamed on a glitch
in the digital flight control software that
produced a violent pitch reaction. Gain
in the pitch controls was set too high in
the earlier accident. Its response was
calibrated for low-altitude opcrations
instead of high-altitude flight where it
was mancuvering at the time of the in-
cident, according to Air Force officials.

“The high-rate command was sup-
posed to have becn ironed out,” the
senior Air Force official said. “That
problem was fixed, but the software
could still have some squirrels init.” The
aircraft involved in the incident has re-
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mained grounded
and USAF offi-
cials are still un-
certain whethet it
will ever fly again.

An Air Force
official notes:

er of the 49th
Fighter Wing at
Holloman AFF
N.M., will lcad the
safety board. The
accident board will
be headed by the

“Now that we un-

derstand the sensitivity to turbulence
with external fuel tanks, we have iden-
tified modifications to our flight control
software to preclude this from happen-
ing again.” The adjustments have been
tried out in a laboratory and are being
incorporated in the aircraft for flight
testing.

THE FAULT LEADING 10 the crash also
is unlikely to have been associated with
the assembly process, The aircraft is one
of a small number of production rep-
resentative test vehicles built starting in
1999. These aircraft were assembled
between the development phase and be-
fore the Air Force was given the green
light to commence low-rale production.
The mishap aircraft had about 150 hr.
on it and was delivered to Nellis in 2002.

The Air Force suspended flights of all

The Dec 20 gash of a Lockheed Martin
F/A-22 at Neliis AFB, Nev, was the second
Class A incident for the stealth fighter in 2004,

F/A-22s soon after the Dec. 20 crash.
The service has seven F/A-22s remain-
ing at Nellis, with eight at Edwards AFB,
Calif., and 13 at the training unit at Tyn-
dall AFB, Fla.

The still-unnamed pilot was con-
ducting a training mission and was un-
harmed. This test pilot and Weapons
School graduate has about 60 hr. in the
F/A-22, making him one of the more ex-
perienced pilots in the aircraft, says Maj.
Gen. Stephen Goldfein, commander of
the Air Warfare Center at Nellis.

The Air Force has convened its two
standard post-accident review boards.
Brig. Gen. Kurt Cichowski, command-

Air Combat Com-
mand's Col. Ted Kresge.

The only other crash of the design was
a YF-22, early in the program, as the re-
sult of pitch control problems. Over-sen-
sitive controls produced violent altitude
oscillations that ended in a wheels-up
landing from which the pilot walked.

Lockheed Martin was hoping to com-
plete assessment of the aircraft's criti-
cal military requirements and obtain
permission to ramp up to full-rate
production of 32 aircraft per year.

In late March, Pentagon officials are
slated to review the program’s progress.
However, the hiatus in fQight ops may de-
lay that event. USAF officials had hoped
to declare the first F/A-22 operational
unit ready in December, although ac-
quisition officials have hinted that the
milestone may slip into 2006, -]
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Impact Assessment

Pilatus PC-21 crash and grounding
may force delays in production plans

ROBERT WALL/PARIS

wiss authorities are trying to
achieve a balance in investigating
the first crash of a Pilatus PC-2]
-+ }j trainer in order to minimize neg-
# ative focus on the company while
giving due attention to safety concerns.
The crash of the newer of two PC-21
prototypes near Pilatus’ airfield at
Buochs, Switzerland, killed Andy Rams-
eier, the company’s chief test pilot, and
injured one pedestrian. Swiss authori-
ties immediately grounded the other air-
craft, which was also flying at that time.
The accident occurred at about 4:20 p.m.
local time, Jan. 13, when the trainer
touched the ground and went out of con-
m‘)I over a nearby dam, where the pedes-
tnan was struck.
- An accident investigator notes the re-
maining aircraft was first grounded so
officials could inspect it. But Switzer-

=Y

land’s federal civil aviation authority
has continued the grounding status
pending accident investigators’ initial
findings. The aircraft that crashed had
just joined the flight test in June 2004,
two years after the first prototype flight.

The PC-21 is critical to
Pilatus’ future, although
the company continues to
offer the PC-9M and PC-
7 MX. 2 trainers, and PC-
12 single-engine turboprop
general aviation aircraft
that have long been the
backbone of its order
book. With the PC-21, 1t
decided to forgo further

One of two Pilatus PC-21
trainer prototypes broke

trainer upgrades and instead gamble on
an entirely new design. The aircraft is
powered by a Pratt & Whitney PT6As
638B 1,600-shp. turboprop engine, has
a Martin Baker MK 16L ejection seat,
and a glass cockpit compatible with
night-vision goggles. i
The company late last year received
type certification for the PC-21, and was
gearing up to start series production,
even though it has yet to land a cus¢
tomer. The two prototypes had am
more than 750 flight hr. N
Pilatus officials so far have refused to
address the accident, or its impact on the
PC-21 program and the company’s long+

:
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apart during a Jan. 13 crash. ¢ L
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term health, It has spent more than $150 ] _’
" million on the program. o

An accident investigator says author-

ties are aware that the PC-21 program |

is crucial to the company, and will con-
sider that as they pursue their analysis.
The investigation could take months to
complete, but authorities may issue a pre-

liminary finding-of-facts much earlier, ‘

the official notes, which could return the

aircraft to flying status. The final deci- u
sion on return to flight rests with the av-

il aviation authority.
1. LAST WEEK, investigators were still as-
sessing what data they could harvest
from the crashed aircraft. The PC-21
was carrying neither voice nor flight data
recorders. However, with the help of
component suppliers, investigators are
hoping to yicld valuable clues from com-
puter memory that may have survived
the crash. it
Pilatus was recovering from a sharp
drop in aircraft sales and earnings in
2002, and the crash could cause a sig-
nificant setback, PC-12 sales grew in
2003, with 61 deliveries, and in 2004,

with about 70. Projections for 2005 are’
that PC-12 sales will grow further, al- .

though the weak dollar has had a neg-
ative earnings impact. o

v
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'PC-21 Plan

ROBERT WALL/WASHINGTON

Pilatus plans to upgrade its remaining
PC-21 prototype and add the first pro-
duction aircraft to the test program to
offset the loss of one of the trainers in
a crash last month,

A week after the second of two PC-21
prototypes (HB-HZB) crashed during
flight operations at the Buochs, Switzer-
land, airfield near Stans, Swiss safety
authorities lifted the grounding they had
placed on the remaining prototype
{HB-HZA), Authorities for the civil avia-
tion agency say their preliminary exam-
inations don't suggest any technical
problems with the aircraft, so the ground-
ing could be Iifted.

The mishap aircraft was conducting
flight show preparations with the other
prototype on Jan. 13. The pilot, who died
in the crash, flew a 360-deg. turn and
shortly after, the right wing struck the
ground, causing the aircraft to catch fire
and break apar, the Swiss federal de-

riment of environment, transport, en-
zo and communications said late last

" mopth, The pilots flew the same rou-

b— .

ting previously performed during a flight
display in Payerne, Switzertand, in Sep-
tember 2004. The accident investiga-
tion is expected to last several more
months.

Even though the PC-21 has been
cleared to resume flight operations, Pi-
latus doesn't expect that to happen im-
mediately. The remaining prototype had
served mainly to assess the trainer's
aerodynamic performance. Now, itis
being upgraded to

Flying High
Companies predict another stellar year

despite looming budget ax
JOSEPH C. ANSELMO/WASHINGTON

erospace executives are forecging another robust business cycle in 2005,
despite a Bush administr,
the Pentagon's six-yeag,

Defense titan Log
posed cutsto th

nding plan.

ced Martin Corp., which would be hit ha d if pro-
7A-22 and C-130] aircraft programs becometeality, in-
creased its sales and egrflings forecast for 2005 last week as it repopi¢d a 20% hike
in net income during2004 to $1.3 billion. Net sales rose 12 to $35.5 billion, fucled
by strong growtin the company's information technology pdd acronautics busi-
nesses.

Lockheef] Martin's founh-quam.r nct earnings rose8% from a year carlicr to
$372 matlion, uhxh. mlgs WTE up 11 7o 10 SlU billion &eneral Dynamics also rolled

ngs to grow another 11-13% this
year. The company's net income for 2()(}4 Ere {
17% to $19.2 billion, bolstered by strong s3J¢s in its information technology unit.
WHILE A MASSIVE FEDERAL budget dgficit and the costly war in Iraq are putting
pressure on the Pentagon, company
ticipates robust U.S. defense spe
we hear is investment accounts4
2005 level by a modest but sj
For the fourth quarter,/General Dynamics reported a net inc
lion, a 21%¢ rise from ¢ same period a year earlier. Quarterl
to $5.2 billion.
To be surc, th

veiled on Feb. 7. .
Thomas W, Rabaut, president and CEO of coffibat vehicle and weapons contractor
United Defense Industries, says Air Force pfid Navy programs could be cut to help
the Army pay for war-related costs but befieves it's too carly to assess the impact on
his company. UDI's fourth-quarter net income rosc 8% to $31 million on revenue
of $596 million, a 145 increase. For the year, the company's net income ros¢-18%
to $166 million, while revenue grew 12% to $2 billion.

o

take on the roles of
the destroyed air-
plane, primarily full
avionic testing. Pila-
fus says in a state-
ment that HB-HZA
should be ready 1o fly
in about two months.

Pilatus is acceler-
ating the production
of the first series pro-
duction PC-21 but
will make it part of the
test program. “It will
then be used to help
secure the type's IFR
and autopilot certifi-
cation," Pilatus says.
At this point, the com-
pany isn't planning

—Lild

|
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says Pilatus Preg:
Schwenk. Moregover, he insists tha
though the pyegram has lost some

ven
e due

eral potential clients are underway. The
leading candidate may be the Swiss air
force. o

The PC-21 prototype that crashed last
month served to validate the full-avionics
functionality, The remaining PC-21 will now
receive all aspects of that system, which
indudes glass cockpit and head-up display.

on proposal to cut at least $30 bnlhon from

cusgfomer, although dlscu/sslons with sev-




CURE YOUR

NING

gl\lf ,your tralning' tem is not delivering, look at the value chain, Your instructors are probably
=. constrained by’plétfom'l limitations. Your students may plateau early, wasting time and money.
~ef Most relevant training will probably be done at the Operational Conversion Unit resulting in

-~ ekpensive losses late in the training continuum. Why? Because your current trainer fleet is not
' & able to support focussed, skillkbased flying training.

‘aerodynamic performance than any turboprop trainer in the world. Its airborne simulation and

_sypthet sraining environment enable significant tranches of fighter leadn training to be down-
~ loaded from expensive jets.

ol A .
o 43P ility superiority against turboprops and cost superiority against light jets enables the PC-21
 ato 'm"_ ce high quality pilots more efficiently than any other training aircraft in the world.

.'." , Tha is why Pilatus has developed an entirely new training system, the PC-21. PC-21 has a better
I: I

CEN_Ti.lRY TRAINING FOR 21*" CENTURY AIR FORCES

4 \ =PILATUS=
v}\ o 09 !‘5371 Stans, Switzerland

Phome: +41 41 619 81 11, Fax: +41 41 610 92 30
pc-21@pilatus-aircraft.com
www.pilstus-aircraft.com
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Final Report HB-HZB

GENERAL INFORMATION REGARDING THIS REPORT

This report contains the conclusions of the AAIB concerning the circumstances and
causes of the investigated accident/serious incident.

In accordance with the Convention on International Civil Aviation (ICAO Annexe 13),
the sole purpose of the investigation of an aircraft accident or serious incident is to
prevent future accidents or serious incidents. The legal assessment of acci-
dent/incident causes and circumstances is expressly no concern of the accident in-
vestigation. It is therefore not the purpose of this investigation to determine blame
or clarify questions of liability.

If this report is used for purposes other than accident prevention, due consideration
shall be given to this circumstance.

The definitive version of this report is the original in the German language.

All times in this report, unless otherwise indicated, are indicated in local time (LT) for
Switzerland, corresponding at the time of the accident to Central European Time
(CET). The relationship between LT, CET and universal time coordinated (UTC) is as
follows: LT = CET = UTC + 1 h.

The masculine form is used in this report regardless of gender for reasons of data
protection
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Owner

Operator

Aircraft type

Country of manufacture
Registration

Location

Date and time

Pilatus Flugzeugwerke AG, 6371 Stans

Pilatus Flugzeugwerke AG, 6371 Stans

Pilatus PC-21 prototype
Switzerland

HB-HZB

Buochs aerodrome

13 January 2005, 16:39

General
Synopsis

On Thursday, 13 January 2005, a training flight was carried out which was intended to serve
as preparation for a planned display of the two Pilatus PC-21 prototypes abroad. An aerobat-
ics programme was to be practised during this flight.

In order to facilitate understanding, since two aircraft of the same type were involved in this
flight, in the following report serial number P01 is used for aircraft HB-HZA and serial num-
ber P02 for aircraft HB-HZB.

The two Pilatus PC-21 aircraft took off in formation, in an easterly direction, from runway
07 L at Buochs at about 16:33. During take-off, the matt black aircraft PO1 was flying in
front as leader and the silver P02 followed as “wing man”. After take-off, both aircraft
climbed to approximately 5000 ft QFE (height above aerodrome). They then performed a
steep dive and a low pass over the runway in a westerly direction, at low altitude and high
speed. There followed a tight 180-degree turn over Stans. The formation then again per-
formed a low pass over runway 07L. After an inclined 360-degree turn to the right, with a
maximum height of 2200 ft QFE, the formation split over the centre line of the runway at a
height of approximately 400 ft QFE. Aircraft PO1 performed a loop over the runway centre
line, and at the same time aircraft P02 flew a tight 360-degree turn at low altitude to the
right. Towards the end of the 360-degree turn, aircraft P02 went into a shallow dive. A little
later, its right wing clipped the ground. In the high-speed crash the aircraft was destroyed
and a fire broke out. The pilot suffered fatal injuries. A passer-by was seriously injured in
connection with the accident.

Investigation

The accident occurred on 13 January 2005 at 16:39. The notification was received at the
Aircraft Accident Investigation Bureau (AAIB) at 16:55. The investigation was opened in co-
operation with the Nidwalden cantonal police at the site of the accident on the same day at
18:00.
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1.1

1.1.1

Factual information

History of flight
Pre-flight history

The Pilatus PC-21 aircraft had been developed by Pilatus Flugzeugwerke AG in
Stans as a training aircraft for prospective military jet pilots. Two aircraft were
built as prototypes and used for trials and for carrying out test flights and certifi-
cation flights. The type certificate was issued in December 2004 for the Pilatus
PC-21. However, the two aircraft with the serial numbers P01 and P02 were still
prototypes and did not fully conform to the type certificate.

In addition to flight testing, these two aircraft were also used in displays for po-
tential customers. In this context, participation at events abroad was planned,
where the same aerobatics programme which had been presented by the same
pilots at the Air 04 air show in Payerne in September 2004 was to be flown.

The departure of the two aircraft abroad was scheduled for Friday 14 January
2005. In preparation for the displays a further joint training exercise was to take
place on Thursday 13 January 2005. A maintenance check and cleaning of the
aircraft were scheduled beforehand.

This maintenance on both aircraft was carried out in the morning. Since, in addi-
tion to the check, various deficiencies had to be rectified, there was a delay. The
pilot of aircraft P02 made use of the time for a discussion with his colleagues in
connection with the management duties he had to perform in his department.

The customary briefing on the status of the aircraft and configuration by a mem-
ber of the “Flighttest (EA)” department was not possible until after 15:30. At this
time, both pilots were busy briefing the flight. Both had a copy of the planned
programme in front of them. Whilst the pilot of P01 was studying the sequence,
the pilot of P02 was informed of the work which had been performed on his air-
craft.

During the briefing, it was decided that PO1 would start as leader and a minimum
height above ground of 500 ft was decided. Runway 07L/25R served as the cen-
tre line of the display and the road which crossed the aerodrome served as the
‘centrd (the centre of the display space). For the combined aerobatic figure loop-
ing and horizontal circle they convened, that PO1 would fly along the axis of the
runway and P02 remain south of the runway edge.

Once the briefing had ended, the pilots stated that they were satisfied with the
status of the aircraft and were waiting to take over the aircraft.

At 16:15, the pilot of P02 again called the member of department EA in order to
ascertain the availability of his aircraft, as the pilot of aircraft P01 was already on
board. He was informed that the workshop was in the process of making the air-
craft available. Around 16:25, the pilot climbed on board the aircraft in the han-
gar. Shortly after this, the maintenance was completed and P02 was rolled out of
the hangar.
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1.1.2 History of flight

After the formation had received clearance from the Buochs air traffic controller,
both aircraft taxied to the holding point for runway 07L. The two Pilatus PC-21
aircraft took off in formation, in an easterly direction, from runway 07L at Buochs
at about 16:33. During take-off, the matt black aircraft P01 was flying in front as
“leader” and the silver P02 followed as “wing man”. After take-off, both aircraft
climbed to approximately 5000 ft QFE (height above aerodrome). They then per-
formed a steep descent and a low pass over runway in a westerly direction, at
low altitude and at high speed. There followed a tight 180 degree turn over
Stans. The formation then again performed a low pass over runway 07L. After an
inclined 360 degree turn to the right, with a maximum height of 2200 ft QFE, the
formation split over the centre line of the runway at a height of approximately
430 ft QFE.

The separation took place 6 minutes and 12 seconds after releasing the brakes
for take-off and the corresponding command was given by the pilot of aircraft
P01 with the words “looping, looping now”. When his aircraft passed the top of
the loop after 14 seconds, the pilot confirmed that he had established visual con-
tact with the other aircraft with the word “contact”.

Three seconds later, when aircraft P02 had flown approximately 210° of its 360
degree turn, its pilot also confirmed that he had the aircraft in the loop in sight
with the word “visual”.

After a further ten seconds he asked the pilot of aircraft PO1 to continue flying
his figure with the words “keep going”. His position was markedly behind that of
aircraft PO1.

Two seconds later, the pilot of P02 commented on the beginning of the next
planned figure, a tight 180 degree turns, with the words “turn right”.

After another eight seconds, the pilot of aircraft PO1 asked “where are you?”, as
he was expecting aircraft P02 to catch up with him but did not have the latter in
sight.

One second later, the ground observer of the exercise informed him “we have an
accident”.

According to eye-witness statements, aircraft P02 went into a shallow dive to-
wards the end of the 360 degree turn. A little later, its right wing clipped the
ground. In the high-speed crash, the aircraft was destroyed and a fire broke out.
The pilot suffered fatal injuries.

A passer-by was seriously injured.

Aircraft PO1 was able to land on Buochs aerodrome undamaged.
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1.2 Injuries to persons
Crew Passengers  Third parties
Fatally injured 1 - -
Seriously injured --- - 1

Slightly injured or uninjured

1.3 Damage to aircraft

The aircraft was destroyed.

1.4 Other damage

As a result of the shallow impact of the aircraft on the frozen ground between
the two runways there was only slight damage to the terrain in this area. How-
ever, there was slight contamination of the soil due to leaking fuel.

The aircraft’s impact on the protective embankment of the Engelberger Aa river
caused damage to the embankment and the surrounding vegetation. The fuel
which leaked out was largely consumed by the fire.

In addition, there was slight contamination of the Engelberger Aa river. This con-
tamination was combated by the competent military services.

1.5 Personnel information
1.5.1 Pilot P02

Person

Licences

Ratings

Registered aircraft classes
Registered aircraft types
Medical fitness certificate

Last medical examination
Other permissions

Swiss citizen, born 1965

Air Transport Pilot’s Licence, issued by the
Federal Office for Civil Aviation on
29.11.2004

Commercial Pilot’s Licence, helicopter
CPL(H)

RTI (VFR/IFR); NIT (A); IFR (A); CRI (A);
ACR (A)

SE Piston; Pilatus SET
PC12; PC9/PC7MKII

Class 1
VDL (must wear spectacles)

13 August 2004

Special permission A for performing aero-
batics below the legal minimum height
above ground issued by the Federal Office
for Civil Aviation on 02.08.2004

Aircraft Accident Investigation Bureau
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1.5.1.1

1.5.1.2

Flown hours Total aircraft: 8480 hours
During the last 90 days: 85 hours
PC-21: 411 hours
PC-21 during the last 90 days: 48 hours
Number of flights on PC-21 374  during the last 90 days: 45
Experience

The pilot concluded his flight training in civil aviation.

Before joining Pilatus Flugzeugwerke AG, he had flown twin-jet business jets and
commercial turboprop aircraft.

The FOCA issued him an aerobatics rating in 1991. In 2001, the pilot had at-
tended a course for test pilots of several weeks’ duration at the National Test Pi-
lot School (NTPS) in the USA. According to the available documentation, no train-
ing in aerobatics or formation flying was provided at this school. All further train-
ing in aerobatics took place within the company.

On 16.11.2000, the pilot was authorised after an internal check to perform aero-
batics down to a minimum height of 500 ft; the training took place on a PC-9.
The first flight training on a PC-21 in formation flying and low flying took place
on 26.08.2004. Up to the end of the year, a further 8 training units were flown
under the supervision of a works pilot.

During the two weeks before the accident, he had carried out several aerobatic
flights.

The aerobatics programme which was flown on the day of the accident had al-
ready been practised earlier by the two pilots on Buochs aerodrome.

Other duties

In addition to his activity as a works pilot with Pilatus Flugzeugwerke AG, the pi-
lot involved in the accident of aircraft P02 had been designated Chief Test Pilot
and Manager Flight Operations in 2002. In addition to his activity as test pilot
and works pilot, he was therefore also responsible for the management of this
entire unit. This also involved a large amount of organisational work.

In addition to the test flights and certification flights, he carried out many works
flights for the production of the Pilatus PC-12 aircraft. Moreover, the forthcoming
trips had to be organised and as many as possible of the foreseeable tasks had
to be dealt with before his absence.
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1.5.2 Pilot PO1

Person Swiss and British citizen, born 1942

Licence Commercial Pilot’s Licence CPL (A), issued
by the Federal Office for Civil Aviation on
05.07.2004

Ratings RTI (VFR/IFR); NIT (A); IFR (A); ACR (A)

Registered aircraft classes Pilatus SET

Registered aircraft types PC12; PC9/PC7MKII

Medical fitness certificate Class 1

Last medical examination 25 October 2004

Other permissions Special permission A for performing aero-
batics below the legal minimum height
above ground issued by the Federal Office
for Civil Aviation on 02.08.2004

Flown hours Total aircraft: 9152 hours
During the last 90 days: 44 hours
PC-21: 354 hours
PC-21 during the last 90 days: 37 hours

Number of flights on PC-21 301  during the last 90 days: 35

1.5.2.1 Experience

The pilot was trained in aerobatics and formation flying within the framework of
the military regulations and worked as a jet pilot for a foreign air force.

The FOCA issued him with a civil rating for aerobatics in 1982.
During his activity as a works pilot and test pilot for Pilatus, he transferred his
specialist knowledge of aerobatics and trained pilots in this discipline.
1.5.3 Passer-by
Swiss citizen, born 1977

A footpath is situated on the embankment on the north side of the Engelberger
Aa. A passer-by was walking with his dog on this path towards Stans. When the
wreckage impacted the embankment, the fuel ignited. The resulting heat and
flame front engulfed the passer-by. He was thrown into the Engelberger Aa by
the pressure wave and was seriously injured in the process.

1.6 Aircraft information

The two aircraft had been used as prototypes in the certification process and did
not completely correspond to the type certificate which had been issued since
then. The aerodynamic configuration of both aircraft was identical.
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1.6.1 General

Manufacturer Pilatus Flugzeugwerke AG

Type PC-21 prototype

Characteristics Turboprop aircraft, low-wing, full metal

Seating positions

Year of construction / serial number

Airworthiness certificate

Certification
Operating hours

Mass and centre of gravity

Maintenance

Fuel

Flight time remaining

construction with pressurised cabin and
ejector seat

Tandem arrangement with raised rear
seat; minimum crew: one pilot in the
front seat

2004 / P02

Provisional airworthiness certificate, is-
sued by the Federal Office for Civil Avia-
tion on 02.06.04/No. 1 valid till 31.05.05.

Valid for flights within the framework of
the approved flight testing programme.

Validity in non-commercial transport.

Special category Experimental (proto-
type).

VFR day

161:17 hours

The applicable masses are specified in the
AFM as follows:

Basic empty mass: 2340 kg
Maximum ramp mass: 3120 kg
Maximum take off mass: 3100 kg
Maximum landing mass: 3100 kg
Maximum zero fuel mass: 2750 kg

Maximum mass in bag. compartm.: 25 kg

The take-off mass of the aircraft was
2822 kg. The mass and centre of gravity
were within the permitted limits.

On 12.01.2005, at 161:17 operating
hours, an early 100 hour inspection was
carried out.

WO No. 819742.

462 litres JET Al fuel on board according
to the load sheet.

In view of the degree of destruction and
because of the fire, no fuel was available
for an investigation.

Approximately one hour for the flight at
low altitude and high power.

Aircraft Accident Investigation Bureau
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1.6.2
1.6.2.1

1.6.2.2

1.6.3

1.6.4
1.6.4.1

Engine
General

Manufacturer Pratt and Whitney Canada
Type PT6A-68B

Serial number S/N 1712

Construction Free turbine turboprop
Year of construction 2003

- Operating time since manufacture 269:37 h

- Flying cycles since manufacture 336 cycles

Power management system (PMS)

The PMS regulates the maximum engine power as a function of speed (power
scheduling). During the initial take-off roll, reduced engine power only is avail-
able (805 kW or 1080 SHP); this is then increased progressively as speed in-
creases (above 200 kt to 1193 kW or 1600 SHP).

As a result, among other things the behaviour of the aircraft on take-off and ac-
celeration is intended to resemble that of a jet aircraft.

Propeller

Manufacturer Hartzell

Type HC-E5A-2/E9193B,K

Construction 5-bladed, variable pitch, feathering, constant

speed composite propeller

Cockpit equipment
General

The PC-21 aircraft has a modern two-man glass cockpit in a tandem arrange-
ment. The equipment consists of IFR equipment with FMS according to civil crite-
ria and a military mission computer with the corresponding displays.
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View of the PC-21 P02 tandem cockpit

1.6.4.2 Cockpit layout, front seat

The controls and displays at the front are located in @ main instrument panel, a
glare shield panel, on the left and on the right a side console and a pedestal.
Control is exercised via so-called HOTAS (Hands On Throttle And Stick) controls
on the power control lever (PCL) and on the control column.

The main elements of the instrumentation are:
. head-up display (HUD)

o up front control panel (UFCP)

. engine monitor display

o primary flight display (PFD)

. 2 multi function displays (MFD)

o AMLCD standby instruments
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1.6.4.3 Head-up display (HUD)

The cockpit was equipped at the front with a head-up display. The most impor-
tant flight data were projected in the pilot’s primary field of view, so that they
were visible to the pilot at all times.

Climb Dive Ladder i —

Heading Scale
Selected Course Numenc
Selected Course Indicator . 000 == Selected Heading
Wind Direction : .03 04 0s 06 o7
Wind Speed 20 (TR B | VYL

— SYoR|

Maximum G's o5 —Zp0— < Rel Bearing
1

Normal G
= Climb Dive Marker
AOA Scale — — - —wW

Speed Scale
Speed Caret

A c = oS - Altitude Scale
_ 160 : 2850 —————

Vd e _r — Vertical Velocity Arc
Digital Speed  —— [[O56 | R [TOOF Rud Alt Height
T:Iach ——=0.46 DH 420-«—Decision Height
Q.}Jhli'll‘dt_" —=GPS » Time w Go/
Munemonics i Lo E 01l :4&< Time Early Late
= ! A = S 3| .5>M| 2 < Dist 1o Steerpoint

System Time——Z 08:45:00 ‘ ;

Flight Path Marker Marker Beacon

Course Deviation Indicator Bank/Sideslip Indicator

-10 I i
Sample of the head-up display information visible in the field of view

1.6.4.4 Altimeter
The PC-21 is equipped with two different altimeter systems:

. a barometric altimeter system
. a radio altimeter system

1.6.4.4.1 Barometric altimeter system consisting of the following components

. pitot static system

. primary air data computer ADC

o secondary air data unit ADU

The pitot static system (Prandf) supplies the necessary parameters, i.e. static
and total pressure, to the primary air data computer (ADC). This supplies the alti-
tude data to the following devices:

o altimeter displays

° PFD

[} FMS

o HUD signal generator -HSG

The ADC converts the pressure signals into engineering units and makes the in-
formation available on the ARINC Bus.
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The secondary air data unit (ADU) is a dumb box, which merely converts the
pressure signals into raw digital signals. These signals are only converted into so-
called engineering units in the secondary flight display (SFD) for display pur-
poses.

Altimetry errors

Measurement errors occur in all aeronautical barometric altimetry systems.
Among other things, these depend on airspeed, altitude and aircraft configura-
tion. This error is particularly great at high airspeeds.

The ADC processor could be fitted with a static source error correction (SSEC)
chip, in order to correct the measurement errors found during the licensing
flights.

P02, the aircraft involved in the accident, was equipped with an SSEC chip. At
approximately 300 kt at aerodrome altitude, the corrected measurement error
was 30 ft +/- 15 ft.

Aircraft PO1 was not equipped with an SSEC chip.

In the case of aircraft P01 without an SSEC chip, the altimetry error at approxi-
mately 300 kt at aerodrome altitude was 120 ft +/- 15 ft, i.e. the displayed value
was approximately 120 ft lower than the actual altitude.

1.6.4.4.2 Radio altimeter system consisting of the following components

o radar altimeter transceiver
. transmit antenna
. receive antenna

The radar altimeter transceiver (TXCVR) sends a signal to the ground via the
transmit antenna. The signal reflected from the ground is received by the receive
antenna and forwarded by it to the TXCVR. The receiver calculates the altitude
and transfers the data via the ARINC 429 Bus to the open system mission com-
puter, the HSG and the front and rear PDF.

If the aircraft flies below the set decision height (DH), a signal is transmitted
from the front PFD to the audio management unit AMU.

1.6.4.4.3 Utilisation of the displayed barometric altitude in the PO1 HUD

From the HUD camera video recording it was possible to establish the barometric
altitude displays on the HUD during the entire flight of PO1. The altitude data
were based on the QFE setting before the flight and indicated the height above
Buochs aerodrome.

For all the P01 altitude information entered in the report, the values taken were
those which had been displayed on the HUD, i.e. no account was taken of the
SSEC.
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1.6.5
1.6.5.1

1.6.5.2

1.6.6
1.6.6.1

1.6.6.2

System description, flight control
Primary control
The aircraft was controlled by three independent systems.

. By aileron and spoiler around the longitudinal axis (roll control)
. By elevator around the transverse axis (pitch control)
. by rudder around the vertical axis (yaw control)

Elevators and rudder were linked by cables and rods.

The ailerons were linked by rods. Deflection of the two ailerons was supported
hydraulically by a servo-actuator.

To increase the speed of rotation about the longitudinal axis, two hydraulically
actuated spoilers, left and right, were mounted on the top of the wing close to
the two ailerons. They were lifted, starting at an aileron deflection of 4° up and
achieved their full extension at an aileron deflection of 14°.

All the above controls were provided with electric trimming.
The aircraft was equipped with dual controls.

Secondary control

The secondary control system consisted of flaps and an airbrake, which were op-
erated hydraulically.

Ejector seat

General

Two Martin Baker (MB) Type A Mk CH16C ejector seats were installed in aircraft
P02. This type was a lightweight seat for turboprop military training aircraft. Up
to the time of the accident flight, four such seats out of a planned first series of
12 seats had been built.

Operating limits

The Type A Mk CH16C ejector seat was specified as a so-called 0/0 seat, mean-
ing that successful ejection was guaranteed at a speed of 0 kt and a height of 0
ft above ground.

The minimum height above ground for a safe ejection close to the ground de-
pended on the following parameters:

speed of the aircraft
bank angle

rate of descent
attitude

The required minimum heights for successful ejection close to the ground were
laid down for the individual flight conditions in a total of 21 tables.

More details on these operating limits are provided in section 1.15 with regard to
the flight involved in the accident.
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1.6.7

1.6.8

1.6.9

Pressurised cabin and equipment for the anti-g suit

The PC-21 was the first model in the range of Pilatus trainers to be equipped
with a pressurised cabin. Pressure generation and regulation were handled by a
so-called cabin conditioning system, which also supplied the pressurisation of the
anti-g system. It was mandatory to wear an anti-g suit on every flight and to
connect it to the system.

During the flight involved in the accident, the pilot was equipped with an anti-g
suit. The damage to the connecting hose of the anti-g suit indicated that the lat-
ter was connected to the system.

There were no indications, and in particular no statements by the pilot, that the
anti-g suit was not functioning.

Finish of the aircraft PO1 and P02
Aircraft PO1 was painted matt black (Akzo Aerodex Finish matt 00744 black).

Aircraft P02, the one involved in the accident, was painted silver-grey (Akzo ECL-
G-850 Mica Silver non-metallic System plus ECL-G-2 Clearcoat).

Maintenance of the aircraft

The aircraft were maintained by the Experimental Shop (AX), a specialised unit of
Pilatus Flugzeugwerke AG.
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1.7
1.7.1

1.7.2

Periodic checks carried out on aircraft P02:

Date Ai_rfram_e hours
(time since new)
12.01.2005 |100 + 50 + 25 hour check 161.17 hours
03.12.2004 |25 + 50 hour check 143.48 hours
05.10.2004 | 25 hour check 115.57 hours
13.09.2004 |100 + 50 + 25 hour check 92.31 hours
27.08.2004 |25 hour check 73.10 hours
07.08.2004 |25 + 50 hour check 50.31 hours
09.07.2004 | 25 hour check 25.33 hours

In addition to the periodic checks, deficiencies were rectified on an ongoing basis
and modifications and tests arranged by the Flight Test Department were imple-
mented. Proper documentation was maintained for all this work.

No airworthiness directives were published, so none were applicable.

The investigation revealed that the ejector seats had been removed and refitted
to gain access to various components. No specific record was kept of these re-
movals and refittings.

Meteorological information

General weather situation

A weakened cold front had crossed Switzerland in the course of the day in a
north-westerly upper air current. A high-pressure area centred over France was
increasingly affecting the weather in Switzerland.

Weather at the time and location of the accident

The following information on the weather at the time and location of the accident
is based on a spatial and chronological interpolation of the observations of differ-
ent weather stations. This interpolation was done by MeteoSchweiz.

Cloud 3-4/8 at 6000 ft AMSL
Visibility about 10 km
Wind Variable at 1 — 3 kt

Temperature/dew point 05 °C/ 02 °C
Atmospheric pressure QFE 977 hPa; QNH 1030 hPa
Dangers None detectable
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1.7.3

1.7.4
1.7.4.1

1.7.4.2

1.7.4.3

1.7.4.4

Weather according to witness statements

A witness described the weather as very good, with visibility in excess of 20 km.
Broken cloud cover of about 4/8 was located at 6000 to 7000 ft AMSL in the vi-
cinity of the Buochserhorn. At this time of day, the clouds appeared very bright
in comparison with the terrain as a result of the low position of the sun.

Position of the sun and lighting in relation to Buochs aerodrome

Astronomical data for 13.1.2005 (local time)

Sunrise 08:09
Sundown 17:02

End of civil twilight 17:36
Moonrise 10:26
Moonset 20:57

Moon phase 0.15 (waxing)
Remarks:

The time for civil twilight differs from that published in the AIP (17:40) because
the last one refers to Bern.

Also sunrise and sundown may not be compared with those from the AIP, be-
cause different definitions are used.
Position of the sun

At the time of the accident, the sun was low on the south-west horizon. The azi-
muth was 235° and the elevation was 2.6°.

The diameter of the sun was 32.5 arc minutes (approximately 0.5 degrees).

Shadow on the terrain

The shadow cast onto the ground was calculated by the Swiss Federal Office for
Topography for a 2.6 degree elevation of the sun. It must be borne in mind that
at such a low angle of incidence any inaccuracies in the elevation model
(DHM25) are magnified accordingly.

The model shows large parts of the landscape in shadow, including the entire
southern part of the aerodrome with the runway. Blirgenstock and the south-
west side of the Rigi were still in sunlight. Please refer to appendix 3.

Clouds

At 2.6 degrees elevation of the sun, even light clouds have a major effect. Video
recordings made by the camera of the accompanying aircraft show the clouds
and the aerodrome completely in shadow.
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1.8 Aids to navigation
Not involved.
1.9 Communication

The formation was in radio contact with the Buochs air traffic controller (Buochs
TWR). This radio communication took place on the aerodrome frequency of
119.625 MHz and was handled by the pilot of aircraft PO1.

The pilot of PO1 requested taxi clearance after the engines had been started and
received it During his taxi, hw informed the air traffic controller about the
planned programm. After line-up on runway 07L, the air traffic controller issued
the take-off clearance.

When the formation was ready to begin their training, they reported overhead
Gersau at 5000 ft. The air traffic controller authorized it as follows:

“...aerobatics aooroved, wind calm”

There was no further radio contact between the air traffic controller and the for-
mation.

Communication between the two aircraft PO1 and P02 took place on the com-
pany frequency. The ground observer also communicated with the pilots on this
frequency.

Find bellow the transcription of the radio communications from the beginning of
the loop up to the time of the accident.

Time in minutes and seconds
since:
Switching | Releasing | order | Text by Position of

on the brakes | “looping, the aircraft

main during looping

switch take-off now”

21:09 06:12 0:00 looping, loop- | P01 pilot

ing now

21:14 06:17 0:05 nice Observer

21:23 06:26 0:14 contact PO1 pilot Top of the
loop

21:26 06:29 0:17 visual P02 pilot after ap-
proximately
210° of the
360° turn

21:36 06:39 0:27 keep going P02 pilot

21:38 06:41 0:29 turn right P02 pilot

21:46 06:49 0:37 where are you | P01 pilot

21:47 06:50 0:38 we have an Observer

accident
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1.10 Aerodrome information

Buochs aerodrome, ICAO code LSZC, was an aerodrome for combined military
and civil use. The airport reference point (ARP) was N 46°58 28 and
E 008°23 49 (WGS 84) or 672 910/202 990 (Swiss Grid) 2 km to the west of
Buochs. The reference elevation was 1473 ft or 449 m AMSL.

The hard runway 07L/25R was 2000 m long and 40 m wide. Its magnetic orien-
tation was 064° or 244° respectively, with a variation of 0°39'E.

The so-called “emergency runway”07R/25L run parallel 300 m to the south; it
was 1500 m long and 40 m wide. This was also a hard runway.

The aerodrome could be used as well during its hours of operation, when it had
an aerodrome traffic control unit as outside these times. Prior permission is re-
quired at all times (PPR: prior permission required).

The aerodrome was used by the Pilatus Flugzeugwerke AG company as a com-
pany aerodrome. The aerodrome could be reached from the factory area via a
taxiway. This crossed a public road. The taxiway/road crossing was provided with
a radio-operated signalling system.

During military flying operations, a Class D control zone was active from the
ground up to flight level 130.

1.11 Flight recorders
1.11.1 General
1.11.1.1  Installation regulations for flight data recorders in Switzerland

The installation of a flight data recorder was not prescribed for this aircraft.

1.11.1.2  Flight recorders in the PC-21

A mission data recorder system and a flight test instrumentation system were
normally installed in the two aircraft, P01 and P02.

However, all the flight test instrumentation equipment had been removed from
both aircraft for the display abroad.

1.11.1.3  Brief description of the mission data recorder

The mission data recorder is based on a computer with a Windows XP operating
system and has the following functions:

o Recording data from the open systems mission computer, plus 2 video
channels and 2 audio channels on the removable memory module, a solid-
state NTSF formatted disk.

. During flight preparation, data for the flight can be saved to the removable
memory module (brick) on the ground via a PC; in flight, these data are
then accessed by the open system mission computer. Conversely, flight
data is recorded using the open system mission computer and analysed
subsequently on the ground.

o The data processed by the open system mission computer are transferred
via an Ethernet link to the mission data recorder. Video and audio signals
are fed via separate inputs.
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1.11.1.4

1.11.1.5

1.11.1.6

1.11.2
1.11.2.1

. The Windows XP operating system and application software were stored in
the permanent memory module on the PCMCIA flash storage card.

Brief description of the flight test instrumentation

A flight test instrumentation system was installed in the luggage space behind
the cockpit as additional equipment for carrying out the certification flights. This
consisted of data capture, telemetry, recording and sensors.

256 different signals could be conditioned and recorded. The majority of the sig-
nals originated from strain gauges which were fitted to many relevant points in
the aircraft. In addition, system data were also recorded.

The data were transferred via the built-in radiotelemetry system to the ground
station and simultaneously to a solid-state data recorder with a capacity of 3.26
gigabytes. Consequently, the data was backed up in the aircraft in the event of
an interruption in the telemetry.

The telemetry system operated in the VHF range. The 4 antennae on the aircraft,
arranged uniformly on the circumference of the fuselage, were fed from a 15
watt FM transmitter.

Mission data recorder in P02, the aircraft involved in the accident

The mission data recorder was installed in the aircraft. Since no removable
memory module was installed, no recordings could be made. Hence no flight pa-
rameters were available to the investigation for analysis.

In view of the minor damage to the mission data recorder and other electronic
devices in the cockpit area, it can be assumed that any recorded flight parame-
ters would have been readable.

Mission data recorder in P01, the sister aircraft

The mission data recorder was installed in the aircraft. A removable memory
module was fitted and in operation. According to information from Pilatuswerke
AG the data feed via Ethernet was not working. Consequently no flight parame-
ters were recorded in the removable memory module. However, the removable
memory module had recorded the video signal from the on-board camera and
the audio signal from the audio management unit, as these two signals had a
separate input. It was possible to analyse the video and audio recordings.

Analysis of the P01 video recordings
Introduction

Aircraft PO1 and P02 were equipped with a permanently installed camera posi-
tioned in front of the HUD. The camera recorded a forward view of the area in
front of the aircraft. The symbols of the HUD were electronically superimposed
onto the video signal. The mission data recorder was able to record this signal.

No removable memory module was installed in P02, the aircraft involved in the
accident, so no recording was available. However, it was possible to analyse the
video data from the sister aircraft PO1 which enabled reconstruction of the loop
by P01 prior to the accident.
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For the analysis, the data were divided into two sub-areas:

o Data which was based only on the HUD displays and which were therefore
independent of the video signal provided by the camera.

o Data which additionally included the area visible on video, the analysis of
which was therefore dependent on the characteristics of the camera and its
installation. Here greater deviations than normal had to be taken into ac-
count as a result of the tolerances of the camera alignment and the super-
imposition of the HUD symbols.

In order to evaluate the accuracy of the video data used, these were first com-
pared with an earlier flight by P02, during which the flight data has been re-
corded. The comparison showed that this method provides sufficiently accurate
results. It should be noted that the video recordings provided 30 datasets per
second, whereas the mission data recorder provided only one dataset per sec-
ond.

1.11.2.2 Camera installation

Since the aircraft was equipped with an HUD for the pilot in the front cockpit seat
only, a representation on a video monitor was provided for the pilot in the rear
cockpit seat. This showed a video image of the forward view, with the HUD in-
formation superimposed on it.

The digital video camera was fitted with a lens with a focal length of 16 mm. The
camera was fitted in front of and slightly below the HUD with a longitudinal incli-
nation of minus 3° in relation to the longitudinal axis of the aircraft.

Since various uncertainties existed with regard to the recorded field of view, this
was determined during the investigation through a test. The horizontal field of
view was 21.8° and the vertical field of view was 15.5°.

1.11.2.3 Camera adjustment

For the HUD and video displays to be aligned with the longitudinal axis of the air-
craft, they had to be adjusted. This took place in two stages:

1. The HUD symbols were adjusted according to the longitudinal axis of the
aircraft.

2. The camera image was centred on the longitudinal axis of the aircraft and
the HUD display.

Some time after the accident, the HUD symbol generator, in which the adjust-
ments were also stored, had to be swapped out on aircraft PO1. After that the
HUD symbols and video were re-set.

By means of the above-mentioned test and the available video data, the adjust-
ment at the time of the accident could be reconstructed with reasonable accu-
racy. The optical axis was inclined approximately 3° downward in relation to the
longitudinal axis of the aircraft (which corresponded to the mechanical installa-
tion) and offset approximately 1.8° to the right. These values were in accordance
with the observations of the video from take-off and approach.
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1.11.2.4 Results of the HUD data analysis

General: Only the HUD symbols on the video were used for the HUD data analy-
sis, i.e. without reference to the terrain. This meant that the data were correct
within the accuracy of the system and the read-out.

Pitch: in the first quarter of the loop the pitch rate was constant. Thereafter, it
exhibited certain variations and a reduction towards the end of the loop.

Bank angle: the roll angle in the loop was around zero up to the last quarter,
when the bank angle was 10°-28° to the right.

Heading: the heading increased in the first quarter of the loop from approxi-
mately 64° (runway direction) to approximately 70°. In the last quarter of the
loop, the heading changed continuously from 56° to 86° and was therefore never
stable.

In inverted flight, the heading could not be clearly determined, because only the
gradations were recorded on the video, not the values. For the first quarter of
the loop, the runway markers served as a reference, and for the last quarter the
passing zero marker on the HUD symbols was used.

Barometric altitude (BAROALT): the altimeter was set to QFE and therefore
showed the height above the aerodrome. The loop was started at 390 ft QFE and
ended at 180 ft QFE; the height loss was therefore about 210 ft.

The top of the loop was at about 3680 ft QFE.

Radio altitude (RADALT): the radio altitude at the start of the loop was about
100 ft higher than the barometric altitude. At the end of the loop it was about
150 ft (this can be explained at least in part by the longitudinal inclination of the
runway).

This discrepancy can hardly have been caused by the inertia of the BAROALT,
because in this case the barometric altitude would be greater than the radio alti-
tude.

A comparison with earlier data from P02 showed the same effect.

An analysis of data from different flights showed, that the discrepancy was at-
tributable to the different aircraft configuration (gear and flaps retracted).

Normal acceleration:

Normal acceleration (N,) could not be clearly determined for somewhat less than
the first half of the loop. In the second half, the load twice briefly increased from
4 g to 5 g. Minimum acceleration at the top of the loop was +0.4 g.

1.11.2.5 Snapshots

With reference to the flight a data set for five specific moments had been re-
corded as follows:

At the moment of the radio communication: “fooping, looping now", the following
data was extracted from the HUD of P01:

Video time: 00:21:09
Altitude: 430 ft Baro Alt
Height: 741 ft Rad Alt
IAS: 309 kt

Heading: 062°
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N;: 3.3 9
Pitch: -5.8°
Angle of Bank (AOB): 50° right

About one second later, when pitch and roll were zero, the data showed the fol-
lowing values:

Video time: 00:21:10
Altitude: 390 ft Baro Alt
Height: 487 ft Rad Alt
IAS: 308 kt

Heading: 065°

N;: 3.6

Pitch: 0°

AOB: 0°

At the moment, when the aircraft PO1 passed the planed minimum altitude of
500 ft and the communication “keep going” was heard, the following data was
extracted from the HUD:

Video time: 00:21:36
Altitude: 500 ft Baro Alt
Height: 689 ft Rad Alt
IAS: 300 kt

Heading: 070°

N,: 3.0g

Pitch: -20°

AOB: 20° right

At the moment of the radio communication: "turn right", the following data was
extracted from the HUD of P0O1:

Video time: 00:21:38
Altitude: 270 ft Baro Alt
Height: 430 ft Rad Alt
IAS: 307 kt

Heading: 077°

N,;: 3.1g

Pitch: -10°

AOB: 25° right

When the aircraft PO1 reached his lowest height, the following data was ex-
tracted from the HUD:

Video time: 00:21:39
Altitude: 180 ft Baro Alt
Height: 331 ft Rad Alt
IAS: 308 kt

N;: 3.1g

Pitch: 0°

AOB: 23° right
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1.11.2.6  Flight path and development of a 3D- model

The flight path of PO1 was reconstructed from various reference points visible in
the video. As a base were used:

Calculations from the video recordings of aircraft PO1
Orthophotos from the airfield and his environment
Digital height model (DHM 25)

2D- plan of the airfield

Data from the survey of the accident site

The flight path of P02 was reconstructed mathematically und verified based on
data from earlier flights as well as statements from pilots and witnesses. The tim-
ing was adapted to the loop flown by PO1. As starting point, the position as wing-
man in the formation was used and as end point the point of impact.

Both flight path were drawn tri dimensionally and fitted in the terrain model. The
reconstructed flight path of PO1 was the correlated with the video image best
possible (see appendix 5).

The loop was started with some degree of certainty at the middle of the runway
and slightly to the right of the runway centre line.

Approximately six seconds before the end of the loop the aircraft travelled over
the runway centre line to the right. The distance in relation to the runway centre
line increased to approximately 140 metres at the end of the loop.

The loop was completed approximately 600 m to 1000 m after the middle of the
runway.

1.12 Wreckage and impact information

1.12.1 The site of the accident

Most of the site of the accident was located on Buochs aerodrome and extended
from the area north of the threshold of runway 25L over the Engelberger Aa river
as far as “Buochser Allmend” . See also appendix 1. The area of damage was ap-
proximately 520 m long and 110 m wide.
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1.12.2

1.12.3

1.12.3.1

1.12.3.2

The impact

Immediately prior to the impact, the aircraft was flying at a bank angle to the
right of approximately 30°-40° in a shallow dive. The aircraft touched the fro-
zen, flat terrain of the aerodrome with the tip of its right wing. See the detailed
simulation in appendix 4.

After rolling level, the aircraft slid across a taxiway and was catapulted into the
air again. The cockpit canopy began to rupture during this phase. The distance to
the second point of impact was approximately 160 m. During this flight phase,
parts of the wing and fuselage separated. The tail was torn off during the second
impact on the terrain of the aerodrome, between runway 25L and the Engelber-
ger Aa embankment. The remainder of the aircraft slid along the ground and af-
ter about 75 m it hit the slope of the embankment side-on, with the front of the
fuselage section pointing south. During this impact, the aircraft broke up into
several sections which were scattered in different directions. In the process an
intense fire broke out.

The wing separated from the fuselage and came to rest on the embankment.
The pilot and the forward ejector seat, was found on the south-east bank of the
Engelberger Aa river. The engine was thrown into the Engelberger Aa. The fuse-
lage with the cockpit and the rear cockpit ejector seat were thrown approxi-
mately 150 m beyond the river onto “Buochser Allmend".

The distance from the initial contact point on the ground to the final position of
the fuselage was 440 m.

Coordinates (Swiss Grid):

First point of impact 673 570 / 203 150
Second point of impact 673 740 / 203 160
Embankment point of impact 673 870/ 203 150
Common point of impact 674 010 / 203 170

Sheet No. 1171 Beckenried, National map of Switzerland 1:25 000

First findings relating to the parts of the wreckage
See also appendix 1 and 2.

First point of impact

The parts first detached from the wreckage were the tip of the right wing and
the right aileron.

The badly shattered and detached propeller blades were lying in the environs of
the point of impact.

Part of the engine oil cooler lay at the point at which the fuselage first impacted.

Area between the first and second point of impact

This area was covered with parts of the wreckage of the aircraft, which had bro-
ken up in the air. The most notable parts were:

. parts of the right aileron

. parts of the airbrake

. parts of the flap system
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1.12.3.3

1.12.3.4

1.12.3.5

1.12.3.6

1.12.4

1.12.5

parts of the leading edges of the left and right wings
Plexiglas parts of the cockpit canopy
pilot's helmet and the two separated visors

Second point of impact

The rear section of the fuselage which had separated from the aircraft lay at the
end of the second point of impact. The rudder and the two elevators together
with the corresponding trim tabs were secured to the rear section of the fuse-
lage, with minimal traces of impact. From the parts found it was not possible to
draw any conclusions concerning the rudder/elevator settings and trim before the
impact.

Embankment point of impact

The very distinct point of impact on the western slope of the embankment of the
Engelberger Aa river, the traces of fire found here and the main parts of the
wreckage lying further to the east, such as the engine, wing and fuselage, allow
the conclusion that final destruction of the aircraft with separation of the fuse-
lage, engine and wing took place at this point. The degree of destruction of the
main parts of the wreckage permits the conclusion that the aircraft impacted the
slope of the embankment side-on, with the front part of the fuselage pointing to
the south.

During this impact the two ejector seats were also thrown out of the cockpit.

The central section of the wing with the main gear, severely damaged, lay on the
embankment of the Engelberger Aa river.

The Engelberger Aa

The front ejection seat lay on the south bank of the Engelberger Aa river and
was badly damaged. The release handle had been torn out of its bracket. The pi-
lot had been separated from the ejector seat belts and lay not far from the ejec-
tor seat. Part of the parachute had been pulled out of its pack.

The engine was also on the south bank in the Engelberger Aa.

The common

The fuselage and the rear ejector seat lay 175 m to the east of the embankment
point of impact.

Identification and survey

The debris field was surveyed in detail. The parts of the wreckage were identified
and logged accordingly. In addition to the photographic record, a new system
was applied to survey the site of the accident. Further information on this can be
found in section 1.19.

Examination of the parts of the wreckage

The wreck was examined after it had been recovered. In particular, the flight
controls and the engine were subjected to comprehensive examination. Among
other things, the following points were established:

Aircraft Accident Investigation Bureau Page 31 of 56



Final Report HB-HZB

1.12.5.1 Flight controls

It was possible to identify the wing and rudder surfaces, the control elements
and the components of the landing flap system. A visual inspection of the control
columns, rudder pedals, guide pulleys, control cables, turnbuckles and the com-
ponents of the flap system produced no indication of any malfunction of the con-
trols and flaps.

During the visual inspection of the wreck, no fractures which indicated pre-
existing damage such as fatigue, corrosion or thermal effects could be found.

The parts examined in the laboratory were manufactured from materials which
were typical and appropriate for aircraft applications. The microfractographic and
macroscopic fracture analyses produced no indications that these parts were de-
fective before the crash. They were all fractures which had been caused by the
crash. In particular, no technical material defects could be found and there were
no signs of primary damage due to fatigue, corrosion or thermal effects.

A comprehensive investigation was carried out to determine the satisfactory op-
eration of the flight controls and the position of the controls and flaps prior to the
crash.

The results of the investigation indicate that the flight controls were functioning
without limitations at the time of the crash.

. It was not possible to clearly establish the position of the rudder or eleva-
tors.

. It was not possible to clearly establish the position of the ailerons. The
parts of the right aileron found in the wreckage at the first point of impact,
however, permit the conclusion that the right aileron was deflected down-
wards, indicating a rotary movement around the aircraft’s longitudinal axis
to the left.

o The examination of the spoiler system showed that with a high degree of
probability the spoiler was extended about one third to the left. This indi-
cates that at the time of impact the aircraft was in a rotary movement to
the left.

o The rudder trim tab was extended approximately 1.5° to the right.

o The elevator trim tab was extended upwards by approximately 6°, corre-
sponding to a nose down trim. This setting corresponds to the expected
position for horizontal flight at speeds in excess of 300 kt.

. The aileron trim tab was in the area of the neutral position.
Examination of the spoiler system produced the following results:

The piston rod of the left spoiler actuator was partially extended; this corre-
sponded to a spoiler setting of approximately 14° extended (the max. deflection
of the spoiler is 40°). This position of the piston rod was confirmed by an x-ray
examination. In the course of the forensic investigation, a small notch was found
on the inside of the housing section of the control valve. This notch was very
probably caused by the control fork of the control valve on initial impact. The po-
sition of this notch corresponded to the “left spoiler fully extended” setting. This
valve control position was reached at an aileron deflection to the left at an ai-
leron setting of about 14° degrees up (full deflection 17.5°). The piston rod of
the right spoiler was found in the “retracted” position.
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1.12.5.2

1.13
1.13.1

The examination of the ailerons produced the following results:

Parts of the right aileron were found, extensively destroyed, near the first point
of impact. The left aileron was found as a complete component with severe dam-
age behind the embankment point of impact.

The examination of the flap system produced the following result:

The flaps actuator was in flaps up position.

Examination of engine PT6A-68 S/N 1712

The engine was examined in detail. The following is a summary of the corre-
sponding investigation report:

The engine exhibited severe impact damage.

The following assemblies were examined more closely because of the axial con-
tact of the rotating parts with the adjacent components:

1% stage power turbine vane ring
1% stage power turbine
2" stage power turbine vane ring
2" stage power turbine

Radial traces of grinding caused by the deformation of the housing on impact
were also found on these parts.

The reduction gearbox propeller shaft coupling had a torque fracture which had
occurred as a result of the high load on impact.

No indications were found of pre-existing defects which might have affected
normal operation of the engine.

Medical and pathological information

History and medical findings

According to information from the family doctor as well as from the FOCA medi-
cal examiner, the pilot was healthy and in particular free from any cardiac com-
plaints; this was confirmed respectively by the regular examinations and the
normal ECG findings. There are no indications in the available medical documents
of any medication being taken.

The pilot was known since years to have a refraction defect. He was therefore
required to wear lenses or spectacles (VDL). This refraction defect was treated
twice by laser therapy on the left eye .With these values, the pilot would not
have been fit to fly before the intervention. Fitness to fly could also not been
achieved after the intervention. No documents are present concerning a medical
examination by an eye specialist as part of the periodic examinations with regard
to fitness to fly up to 2004.

The VDL note — must wear spectacles or contact lenses — was present in the
medical fitness certificate dated 13.08.2004. The medical examiner made this en-
try based on the report of the eye surgeon, who had carried out the interven-
tions. At the time of this examination, the pilot did not indicate his eye operation
on the corresponding form. According to information from the operating eye spe-
cialist, the pilot was no longer advised to wear a vision aid for the left eye after
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the examination on 17.12.2004. A corrective lens for the right eye was still nec-
essary and was worn regularly.

A copy of the eye specialist's examination report on the FOCA form “Augen-
arztlicher Untersuchungsbericht’ completed by the operating eye specialist on
26.03.2004, was found in the medical examiner’s records. The operation was not
mentioned in this form, nor is the note regarding the need to wear an aid to vi-
sion in the right eye present. The eye specialist was neither a FOCA technical ex-
pert nor a medical examiner (AME).

1.13.2 Forensic findings
The pilot’s corpse underwent a forensic examination.

The pilot died immediately after the accident as a result of the destruction of
multiple organs. Survival was impossible, given the numerous injuries and de-
struction of organs.

The condition of the vital inner organs, despite serious damage, was sufficiently
good to allow reliable examination and analysis.

A myocardial bridge 2.5 cm long and 0.7 cm thick was found in the heart above
the left coronary artery, just after the outlet from the aorta. On the vessel itself,
on the segment under the bridging, there was a considerable intimal plaque for-
mation, though this did not constrict the lumen.

In the supply area of the left coronary artery, no signs of any acute or chronic
circulatory disorder were found during examination under the microscope.

Sight defects cannot be determined post mortem, even under detailed examina-
tion. The right contact lens, which was probably being worn, could not be found.

All toxicological investigations for alcohol, drugs and medications were negative,
i.e. no traces were found.

1.14 Fire

An intense fire broke out on impact with the embankment. Most of the fuel was
combusted during this fire. There were no indications of a fire occurring before
impact.

1.15 Survival aspects
The impact was not survivable due to the high forces and the resulting injuries.

It was investigated whether rescue should have been possible and survivable by
using the ejector seat immediately before the impact.

The Martin Baker A Mk CH16C ejection seat is specified as a so-called 0/0 seat.
This means that successful ejection is guaranteed at a speed of 0 kt and a height
of 0 ft above ground. For flight conditions which deviate from horizontal flight
and 0° bank attitudes, the required minimum height for successful ejection can
be determined from corresponding tables which are published in the AFM.

For the aircraft involved in the accident, the following attitude values applied for
calculation of the required minimum height using the tables:

o Bank angle 30° - 40° right
. Pitch 0° to -3°
. Speed approx. 300 kt
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According to table 21-A-150095-A-54080-03481-A-01-1 of the AFM PC-21 Draft,
the required minimum height for successful ejection was between 0 and 20 feet
above ground.

Successful ejection would thus have been just possible immediately before im-
pact. The decision to use the ejector seat to eject would have been required 0.5
to 0.7 seconds before this.

1.16 Tests and research

1.16.1 Analysis of the examinations of non-volatile memories

In the course of collecting evidence, the various items of equipment installed in
the cockpit were examined to determine whether installed non-volatile memory
(NOVRAM) might have contained information on the last known position, speed
and attitude, etc. Although many devices did possess such memories, generally
only information on the condition of the unit (health information) is stored.

It was possible to subject the two devices below to analysis, in the course of
which certain data which were sought proved to be serviceable:

o the open system mission computer
. the primary flight display (PFD)
1.16.1.1  Analysis of the open system mission computer

The open system mission computer was examined with regard to the content of
the NOVRAM. This was intact and could be analysed. In addition to information
on the state of the unit, the following information in particular was of signifi-

cance:
Last recorded position N46:58,52; E008:24,34
Last recorded heading 098,5°
Selected transponder code 3584
Selected frequencies COM 1: 1XX.X25 MHz

COM 2: 119.625 MHz

NAV 1:  110.350 MHz

NAV 2:  110.350 MHz
G-forces Accident flight: 10.900 g

Previous flight: 3.390 ¢

It should be noted that the exact time of the last data recording could not be es-
tablished with certainty, since recording ceased at some point during the destruc-
tion of the aircraft.

1.16.1.2  Analysis of the primary flight display (PFD)

The two PFDs from the front and rear cockpit were examined with regard to the
NOVRAM content. This was intact in both units and could be analysed.

The recorded data of the NOVRAM correspond to a snapshot of the status 50
seconds after a cold start. Afterwards, only infringements of the pre-set limits for
acceleration N, and speed were registered.
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1.16.2

1.16.2.1

1.16.2.2

In addition to information on the state of the unit, the following information was
retrieved, which show the condition 50 seconds after switching the master switch
on. It probably represents the settings used during the preceding flight with two
crewmebers on board.

Set configuration MAP mode; range at 40 NM
Set navigation source VOR 1

Altimeter setting 1030 mbar

Set decision height (DH) 300 ft

Analysis of the two PFDs produced identical values.

The preset limits of +8g and -4g as well as 329 kt have not been exxeded during
the accident flight.

Verification flights

Verification flights were necessary in order to be able to clarify issues regarding
flight mechanics, visibility and workload.

For this purpose, a flight test schedule was drawn up. These two flights were
carried out over Buochs on 2 November 2005.

The available resources were a PC-21 (P01) and a black PC-9. The light condi-
tions were comparable with those at the time of the accident.

Schedule

First flight:

o Horizontal turns up to an accelerated stall at altitudes of 7000, 6000 and
5000 ft AMSL

o Turns with constant acceleration of approximately 3.5 g at altitudes of
4600, 4000, 3000 and 2000 ft AMSL

o Measurement of the roll rate (45° AOB and 60° AOB)

. Loop with an initial altitude of 5000, 4000 and 3000 ft AMSL

Second flight:

. Assessment of the visibility of a black PC-9, by analogy with the
black PC-21

. Assessment of the manoeuvre flown at the time of the accident.

o Several repetitions with a gradual reduction of the minimum height to 500
ft

Results of the verification flights
Accelerated stall:

In the speed ranges included in the assessment, the manoeuvres flown at alti-
tudes of 5000-7000 ft AMSL exhibited stable flow conditions with no indications
of an accelerated stall. For an initial speed of 310 kt at maximum engine power,
speed diminished under constant acceleration between 3.5 and 4.5g, so the stall
occurred between 206 kt and 200 kt. The stall behaviour exhibited characteristics
typical of the PC-21, with an abrupt stall without prior aerodynamic warning and
with a rapid roll to the left. The greatest variations in speed that it was possible
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to fly in the 360-degree turn, with variations in the geometry and speed, fluctu-
ated between 310 and 250 kt. It was not possible to come close to the range
which would be critical for stalling. On the basis of this analysis, an accelerated
stall (high-speed stall) can be excluded, with a very high degree of probability, as
a possible cause of the accident.

Visibility:
In what follows, the visibility of an aircraft which is painted black is assessed un-

der the same environmental conditions from the viewpoint of the aircraft in-
volved in the accident.

In the first half of the 360-degree turn, the black aircraft was not visible when
looping the loop, as the first part of the loop was flown in the rear segment of
the aircraft executing the 360-degree turn.

In the segment of the 360-degree turn between 180° and 270° the pilot had to
establish visual contact with the aircraft in the loop; otherwise the remaining
time was not sufficient to estimate correctly the remaining part of the 360-
degree turn with regard to the runway centre line and the converging vectors,
and to plan the flight path appropriately.

The manoeuvre was flown several times. In the process it was apparent that the
black aircraft in the descending segment of the loop never entered the dark
background of the Biirgenstock for the pilot on the horizontal 360-degree turn up
to the end of the manoeuvre but remained highly visible in the bright sky above
the Bilrgenstock. Even though the black aircraft was positioned during the last 20
degrees of the loop against the background of the Biirgenstock, the visibility of
the black aircraft was not problematical in this phase either, because of the rela-
tively small separation (100 — 400 m).

Summary results:
o In the repetitions of the manoeuvres, no abnormal or restricting behaviour
of the PC-21 aircraft type could be detected.

o The visibility of the black aircraft in the second part of the loop was very
good.

o Despite the onset of dusk, the light conditions were non-critical.
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1.16.3
1.16.3.1

1.16.3.2

Investigations of the ejector seat
Technical description

A Martin Baker Type Mk CH16C-1 lightweight
ejector seat was fitted in the front cockpit of the
PC-21 HB-HZB.

Ejection would have been triggered by pulling on
the release handle at the front of the seat, be-
tween the pilot’s legs. This would have resulted in
ignition of several launching cartridges and a
rocket motor. The sequences of these ignitions
and the ignition of the pilot/seat separation car-
tridge would have been controlled by gas pres-
sure.

In order to guarantee safe ejection of both pilots
in the case of a two-man crew, on initialisation of
one of the two seats, ejection of the front seat
would be delayed. This control system also oper-
ated via gas pressure. In the case of a one-man
crew, only the front seat would eject, without a
delay.

Prior to launch of the ejector seat, the canopy would have been blasted away by
means of detonating cord. Since these detonating cords had not yet been fitted
to the two prototypes, a canopy of lesser strength was used, through which di-
rect penetration would have been possible without detonation.

Situation at the accident site
Front ejector seat:

The front ejector seat was found badly damaged on the east bank of the Engel-
berger Aa. The parts of the wreckage were 70 metres away from the point of
impact on the embankment. The release handle had been torn from its fixing.
The stabilising parachute of the ejector seat was deployed. The lines of the pilot
rescue parachute were deployed and connected to the pilot harness. The ends of
the lines were badly scorched. The chute canopy was missing. The parachute
container was in the Engelberger Aa and exhibited major fire damage.

The pilot was found approximately 5 metres from the ejector seat on the east
bank of the Engelberger Aa.
Rear ejector seat:

The rear ejector seat was found slightly damaged on “Buochser Allmend", ap-
proximately 120 metres east of the embankment point of impact, without any
visible signs of ignition.
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1.16.3.3  Technical investigation of the front ejector seat
1.16.3.3.1 Release handle

The release handle had been torn from its fixing. The mechanism fixed to the re-
lease handle had ignited the two cartridges for initialisation of ejection.

The forensic examinations of the release handle produced no indications that the
release handle had been pulled by the pilot.

Tests at the manufacturer’s premises had shown that in the event of a major ver-
tical impact with 25 g or over, the release handle can separate independently
from the interlock and the initialisation cartridges are ignited as a result.

1.16.3.3.2 Ignited cartridges

Of the 17 cartridges installed in the seat, 10 have been fired. The rocket motor
was found in the riverbed of the Engelberger Aa and had not ignited.

1.16.3.3.3 Mode selector

The mode selector in the rear cockpit was set to the “solo” position, which means
that only the front seat will eject when his release handle is pulled.

1.16.3.3.4 Shoulder belt retraction mechanism

The shoulder belt retraction cartridge mechanism had fired. The lines to retract
the shoulder belt were coiled inside the mechanism apart from the last 10 cm.
The heavy contamination of the belts and take-up rollers inside the mechanism,
caused by grass and soil, indicate that the shoulder belt retraction mechanism
cartridge had fired only at the second point of impact.

1.16.3.3.5 Pilot/seat separation

The investigation showed that the cartridges of the pilot/seat separation system
were fired on impact with the embankment.

1.16.3.4 Conclusions

Although the front ejector seat release handle was pulled out of its fixing, the pi-
lot was no longer belted to the seat and the cartridge of the shoulder belt retrac-
tion mechanism had fired, it can be assumed with a high degree of probability
that the ejector seat was not triggered by the pilot.

1.16.4 Investigations on the helmet and visor

During the accident flight, the pilot was wearing an ALPHA 703 type helmet, a
product of Helmet Integrated Systems Ltd. It was equipped with two visors, one
clear and one dark, as glare protection. In addition, the oxygen mask was fixed
to the helmet. The helmet was found in the area between the first and second
point of impact. The two visors were found in the vicinity.
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The helmet was examined with regard to the position of the two visors at the
time of the accident:

According to AFM 02 operating limitations, after
arming the ejector seat one of the two helmet vi-
sors must be lowered and locked in this position. |
On the basis of indentations and deformations on
the helmet and visors, and from the position of the
visor mechanism, it was possible to establish that at
the time of impact the position of the transparent
visor was approximately 8 cm further down than
the dark visor.

The dark visor (glare protection) was in the area of the upper locking position at
this time. From this it can be concluded that the transparent visor had been
used.

1.17 Organisational and management information

1.17.1 Pilatus Flugzeugwerke — flight operations

Pilatus flight operations were part of the “Research and Development (E)” unit.
They were handled by two departments reporting to this unit: the “Flight Test
(EA)” department and the “Flight Operations (EF)” department. The “Experimen-
tal Shop (AX)” department was responsible for preparing the aircraft.

1.17.1.1  The Flight Test department

The “Flight Test” department was responsible for all test flight activities within Pi-
latus Flugzeugwerke AG. It drew up the necessary test flight programmes and
supervised the flights and the recording of all data. After the flights, it was re-
sponsible for preparing and forwarding the captured data.

Before test flights were made, a so-called “Flight Safety Form” (FSF) was pro-
duced. This document contained all information on any modifications made and
on the operating limits to be complied with. It had to be signed by all depart-
ments concerned before the flight was made. This procedure was part of the
“design organisation approval (DOA)”".

A detailed order, the “flight test order (FTO)”, was drawn up for a test flight
which was to be carried out. Actual implementation then took place after a de-
tailed briefing by the pilots of the “Flight Operations” department.

1.17.1.2  The Flight Operations department

The “Flight Operations” department carried out all types of works flights within
Pilatus Flugzeugwerke. These included verification flights with newly-built air-
craft, display flights on behalf of the Marketing department, training flights for
works pilots, ferry flights for delivery and test flights on behalf of the “Flight
Test” department.

Certain flights served to test newly developed systems and to furnish data for li-
censing purposes. The performance of these test flights was completely under
the control of the “Flight Test” department, whilst the other flights came under
the responsibility of the “Flight Operations” department, even if aircraft might not
yet have gained type approval.
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1.17.2

1.17.3

No entry in the licence was possible for flights by prototypes, as the correspond-
ing type approval did not yet exist. The regulations governing such flights were
laid down in the DOA and had been approved by the FOCA.

Pilatus Flugzeugwerke — maintenance of the PC-21 prototypes

Pilatus had its own dedicated workshop, the so-called Experimental Shop (AX).
This shop was attached to the production operation and approved by the FOCA
within the framework of the production organization exposition under JAR-21. Af-
ter construction, AX also took over maintenance of these aircraft.

The maintenance regulations for the test flight operation were defined by Pilatus
in a technical memo, countersigned by the FOCA as part of the first flight ap-
proval and were valid for the two aircraft PO1 and P02. The regulations were
based predominantly on values acquired from experience of earlier aircraft certi-
fications, taking into account special requirements of new systems, which had
never yet been used on a Pilatus aircraft.

Federal Office for Civil Aviation — approval procedure

The Federal Office for Civil Aviation (FOCA), Sektion Sicherheit, Flugtechnik,
Entwicklung und Herstellung STEH (safety division aircraft, design and manufac-
turing) was responsible for the civil type approval of the quasi-military trainer PC-
21. Pilatus’s application for a Swiss type approval was lodged with the FOCA on
4 February 1999.

For reasons of continuity with the Pilatus product line (PC-7 and PC-9 series), the
following regulations were applied as a basis for certification:

. US Federal Aviation Regulations Part 23 (FAR-23) Acrobatic Category, in-
cluding supplements 23-1 to 23-54, valid on 13 December 2000.

o Decree on the airworthiness of aircraft VLL, 748.215.1 (Verordnung Uber
die Lufttlichtigkeit von Luftfahrzeugen — VLL), dated 18 September 1995.

o Decree on emissions from aircraft VEL, 748.215.3 (Verordnung Uber die
Emissionen von Luftfahrzeugen — VEL), dated 10 January 1996.

o ICAO Annex 16, Chapter 10.

A project team which covered all the component sections of the aircraft was as-
sembled under the leadership of the FOCA’s project certification manager (PCM).

Pilatus had to produce a master certification programme for the FOCA. This mas-
ter certification programme, approved by the FOCA, had to show that all the ap-
plicable regulations were fulfilled.

In a continuous process during the construction of the aircraft and the test flight
period, documentary evidence for type approval was compiled and handed over
to the FOCA for checking. The FOCA then decided whether the documentary evi-
dence was complete and conclusive or whether additional clarification and ex-
amination were necessary.

Swiss type approval certificate No. F 56-35 was issued on 23 December 2004 by
the Federal Office for Civil Aviation for “VFR day”. The process for subsequent
certification such as for VFR night, IFR and aerobatics was continued.
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1.18 Additional information
1.18.1 Formation flights and displays — general considerations
1.18.1.1  Prevention of collisions — the legal basis
The Decree relating to traffic rules for aircraft regulates among others the pre-
vention of collisions in so far as the following points must be complied with re-
gard to separations:
. An aircraft must not be brought so close to another than the risk of colli-
sion arises.
. For flights in formation, including take-off and landing, the commanders
must reach agreement beforehand.
1.18.1.2  FOCA flying event conditions

In the flying event conditions, the FOCA regulates the conditions and stipulations
which must be complied with for public flying events which are subject to au-
thorisation. This document entered into force on 1 May 2003 and since then has
been used as a basis for the organisation of flying events, especially major
events such as Air04 in Payerne.

There follow a number of key excerpts from this document:
Qualification:

. Only licensed pilots (CPL or at least FI) shall take part in public flying
events, in their category. They must be in possession of a corresponding
JAA Display Authorisation from their national authority, a special FOCA A
authorisation or another display authorisation recognised by the FOCA.

o Aerobatic pilots must be in possession of a valid personal special authorisa-
tion A to fly lower than the minimum height.

. Pilots may take part in formation flying only if they have been trained in
this and provide evidence of adequate training.

Permitted flying manoeuvres as a function of aircraft categories:

The information below applies to Category II which is relevant to the PC-21 air-
craft (propeller or turboprop aircraft with a maximum take-off mass from 1000
kg to 4000 kg).

CatII

Manoeuvre

Solo

Formation

Vmax

Hmin

Normal flying, horizontal,
straight

30 m AGL (100 ft AGL)
Vmin = 1.3 *vg

30 m AGL (100 ft AGL)
Vimin = 1.3 *vg

Hmin

Aerobatics and evolutions
including interception

50 m AGL (150 ft AGL)

50 m AGL (150 ft AGL)

Hmin

Outside the display centre
line

150 m AGL (500 ft AGL)
Vimin = 1.3 *vg

150 m AGL (500 ft AGL)
Viin = 1.3 *vg
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1.18.1.3

1.18.1.4

Difficulties specific to formation flying

Systematic training is not provided for formation flying outside the air force. For
air force pilots, this type of flying is, of course, part of their everyday activity and
corresponding training is provided.

Formation flying places special demands on crews and is accompanied by specific
risks. Estimation of relative speeds, distances and vectors in general, as well as
awareness of one’s own attitude, are central themes and demand intensive train-
ing. Essentially, the formation leader has to plan the flying manoeuvre in such a
way that a high degree of flight safety is guaranteed. The patrol pilot follows the
formation leader. In displays, it is often the case that very small separations be-
tween aircraft and heights above ground are chosen.

Visibility conditions have a great effect on the performance of formation flights.
For example, the structure of the aircraft may greatly impede outside visibility. In
addition, the position of the sun, the weather conditions, the terrain and the col-
our of other aircraft may affect perception and the ability to estimate.

During the approach phase, attention of the pilot in the approaching aircraft is
largely devoted to the other aircraft.

The Swiss Air Force PC-7 team training programme

In view of the similarity of the aircraft used and the figures flown, the training of
the pilots in the PC-7 team was examined for purposes of comparison.

For several years the Swiss Air Force has had a formation of nine Pilatus PC-7
turboprop aircraft which had participated in many national and international air
displays. The pilots in the PC-7 team were recruited from the corps of active jet
pilots in the Swiss Air Force.

The PC-7 team had a training programme, defined in writing, which described
how new team members were trained. The first two flights took place with two
aircraft. Training in close formation flying simpler aerobatic figures at moderate
altitudes was provided. The third flight took place with three aircraft at medium
and low altitudes. The candidate then completed an introductory flight in low-
level aerobatics. A former soloist was used as the flying instructor. If necessary,
the flights were repeated.

As part of the one-week PC-7 team training course, the new member was inte-
grated into the overall formation of nine aircraft. In all, 12 to 13 flights were
made during this period. The altitudes were progressively reduced to the desired
display altitude.

The training of the soloists followed a special programme and consisted of about
three flights.

The level of training of the team was continuously assessed during the season by
its leader and his commander and if necessary extra training was arranged in ad-
dition to the displays.

As a rule, a standard briefing, conducted by the leader, took 15-20 minutes. The
commander monitored the flights of the PC-7 team from the ground. His obser-
vations and the video recordings formed the basis for the debriefings.
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1.18.2

1.18.2.1

1.18.3

1.18.3.1

1.19

1.19.1

Formation and display flights by the Pilatus company

The Pilatus company organised display flights on the occasion of air fairs and
customer events. The special feature of these flights was to highlight the advan-
tages of the respective aircraft, i.e. in particular their performance and manoeu-
vrability. The flying programme was therefore drawn up accordingly.

Display flights with the PC-21

A new display programme was required for the PC-21 aircraft as the latest prod-
uct from the Pilatus company. A corresponding flying programme was defined in
summer 2004 within the flight operation framework. This envisaged using two
PC-21 aircraft in formation. The two crews involved in the accident were as-
signed as pilots. The aim was a first-time display by this formation on the occa-
sion of Air 04 in Payerne in September 2004.

This programme was flown for the first time with both aircraft on 26 August
2004. Five formation-training flights were made at Buochs aerodrome from 26
August to 2 September 2004.

Three flights were made at Air 04 in Payerne from 3 to 5 September 2004.

The flight resulting in the accident was the first training flight by the PC-21 for-
mation after Air 04 in Payerne. In the two weeks prior to the accident, the pilot
of P02 trained fairly often solo in low-level aerobatics over Buochs aerodrome.

g - forces

For the level turn, an acceleration of 3-4 g can be assumed. One g corresponds
to a mean gravitational acceleration of 9.81 m/s’. As the acceleration increases,
circulation in the head/brain area becomes increasingly worse. The field of vision
becomes restricted; there may be a transitory loss of consciousness up to the to-
tal loss of consciousness.

g - induced loss of conscious (g-loc)

A g- loc corresponds to a complete loss of consciousness in the event of a high,
long-term g-force. In very abrupt manoeuvres the rise in g-force may be so fast
and strong that loss of consciousness may occur suddenly and without a warning
sign. The phenomenon may also occur when an existing high g-force is increased
with a high gradient.

Useful or effective investigation techniques

Survey of the site of the accident using a laser scanner and photogrammetry

The debris field of the Pilatus PC-21 involved in the accident extended from
Buochs aerodrome (the point of impact) over the Engelberger Aa (the final posi-
tion of the pilot involved in the accident) as far as Buochs common (the cockpit).
The distance from the first trace of impact to the final measured piece of wreck-
age was approximately 520 m, with a lateral extent of approximately 110 m.
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The damage area was surveyed using the following measurement methods:

Photogrammetry was used to survey the traces of impact, skid marks, the aft
section of the aircraft, the part of the wing and the cockpit.

A calibrated survey camera with a resolution of 6.17
million pixels was used to take the survey photographs.
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Tachymetry was used to determine the position of the identified parts of the
corpse, the technical components and the particular scattered parts of the air-
craft. In addition, link points were recorded for photogrammetry, tachymetry and
scanning.

The tachymeter has a range of 10 000 m, with an
accuracy of <5 mm, measured on standard prisms. The
tachymeter operates in the temperature range from -20
°C to +50 °C.

GPS was used to determine the geographical reference points and the parts
which were at a great distance which were pinpointed in
the Swiss national system of coordinates for purposes of
global orientation. A DGPS with a 12-channel receiver
code/phase was used. The recorded
points were defined using a specific
technical code list. The data
accuracy, corrected by post-
_| processing, is about 30 cm.

The primary trace of the impact was recorded in three dimensions with a high
resolution 3D laser scanner. The points measured by the scanner N
were polygonised and converted into a 3D surface, in which the
smallest gouges caused by the impact are precisely recognisable.

The 3D laser scanner is able to scan 360° x 270°, at an accuracy of 6 mm over
50 m.
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The data collected at the site from all the instruments employed, was analysed
using the appropriate software and assembled into a whole. The Pilatus company
provided us with a 3D model, together with plans of the PC-21. The 3D model
was additionally completed with the 4 racks which were substantially responsible
for registering the traces of the impact.

It was possible to exactly determine the impact sequence of the PC-21 using the
model and the traces of the impact, provided with special features (rack lines).
Please refer to appendix 4.
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2.1

2.1.1

2.1.1.1

2.1.1.2

2.1.1.3

Analysis

Technical aspects

The results of the investigation of the parts of the wreckage, the various compo-
nents of the aircraft controls and the engine produced no indications of any pre-
existing technical faults which might have caused the accident.

The marks on the propeller and engine, and the extent of the destruction of the
airframe bear witness to a high-speed impact of the aircraft. The damage found
can all be explained by the accident sequence.

Position of the ailerons at the time of impact:

Examination of the aircraft control system with regard to the final position of the
controls produced the following results:

Left spoiler

The nick which was found inside the housing component of the control valve was
very probably caused at the time of the initial impact. The position of the control
valve’s control fork, which matched the nick found in the housing component,
just corresponded to a “left spoiler fully extended” control position. This control
position was reached at an aileron deflection to the left at an aileron setting of
about 14° degrees up (full deflection 17.5°).

Ailerons

From the extent of the destruction of the two ailerons and the positions in which
they were found after the accident, it can be concluded that on initial impact the
right aileron was lowered.

Conclusions

The results of the investigation and analysis thereof allow the conclusion that at
the time of the initial impact the pilot was on the point of aligning the aircraft af-
ter its previous right turn.

It was not possible to establish whether the alignment after the turn took place
sharply and as a reaction to perceiving the terrain or as an adaptation to the
flight path of the aircraft flying ahead.
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2.2 Human and operational aspects

2.2.1 Medical aspects

On the basis of the information from the family doctor and the FOCA medical ex-
aminer, the pilot was in excellent health.

2.2.1.1 Vision

According to the applicable national and international regulations (JAR-FCL3), the
pilot, with the refraction defect existing before the operation (astigmatism and
curvature of the cornea), would have been fit to fly neither before nor after the
corrective cornea operation.

At the time of the pilot’s initial examination, an eye specialist’'s examination with
accurate refraction measurement was not yet required. Aperently, such an ex-
amination did not take place within the framework of the periodic medical fitness
examinations either. The pilot should have reported the operations without delay
to his competent medical examiner (AME). Such notification did not take place.
The AME would have been dependent on such notification in order to be able to
decide on subsequent action, as the consequences of such types of laser opera-
tion can only be determined during examination by a change in visual acuity. It
was not possible to establish why the pilot did not notify the FOCA medical ex-
aminer of his two operations.

The possible consequences of such an operation are:

. visual acuity which changes in the course of the day
o increased sensitivity to glare

o decrease in contrast sensitivity

After a corrective corneal operation, it would have been customary according to
FOCA practice for the pilot to be designated unfit to fly for at least four weeks.

After this period, fitness to fly could have been reinstated exceptionally subject to
the following criteria:

o pre-operative refraction defect within the limits applicable to visual aids

o stable conditions after the operation, i.e. no fluctuations in visual acuity
during the day

o no sensitivity to glare
o normal contrast sensitivity
o an application by a FOCA eye specialist to the AMS, decision by the AMS

In the case of the pilot of P02, a refraction defect which would have meant he
was unfit to fly — even after a corrective cornea operation — existed prior to
18.12.03.

The result of the operations was documented only incompletely and was not con-
firmed by a FOCA technical eye specialist. It is not possible to make any state-
ment about the visual capability of the P02 pilot at the time of the accident, par-
ticularly with regard to any increased sensitivity to glare or decreased contrast
sensitivity.
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2.2.1.2 g - forces

Reduced cerebral circulation, which could cause a restriction in the field of vision
as a result of a high g-force loading, can never be proved by an autopsy. In or-
der to cause a loss of visual capability, a force of at least 5to 6 g (1 g = mean
gravitational acceleration of 9.81 m/s?) is needed. A g- force of 6 g and more
may cause loss of consciousness. If an anti-g system is used, the g-tolerance is
increased.

There were no indications that the anti-g system had not functioned.

In the present case, the average g-force of approximately 3.5 g was not very
high.

g-tolerance can be improved, among other things, by intensive training under g
forces. In the two weeks before the accident, the pilot of P02 had performed
low-level aerobatics quite often.

2.2.1.3 Forensic aspects

The myocardial bridge mentioned in section 1.13.2 above the left coronary artery
is a congenital variety; a variation from the norm which is relevant to ischemia
under special conditions (obstruction to circulation) which may cause coronary
symptoms (heart pains).

Circulatory defects due to such a myocardial bridge as a direct cause of death
must be considered as extremely rare. More common, however, are chest pains
caused by exertion (pains in the heart), with a normal ECG, which are associated
with @ myocardial bridge. It is difficult or even impossible to make a clinical diag-
nosis of such a myocardial bridge, particularly given the absence of pain, a very
good general condition and a normal ECG. Appropriate clarification (intracoronary
ultrasound, coronarography when subjected to exertion, etc.) is therefore sought
only in the event of subjective discomfort or when ECG changes are determined
objectively.

Since the pilot had no indications of any kind, subjective or objective, of a heart
circulation defect, no such examinations were carried out and the myocardial
bridge was accordingly not diagnosed.

In the pilot’s heart, a relatively long segment of a coronary artery ran under a
myocardial bridge. It is therefore in principle possible that the artery was com-
promised under the myocardial bridge as a result of exertion during the aerobat-
ics, the g-forces and the production of stress hormones. This might, likewise
temporarily, have led to reduced circulation to the myocardium with acute chest
pains (heart pains) and hence to a very brief diversion of concentration, which
might have affected or even prevented the correct control of the aircraft. The fo-
rensic report considers such a circulation defect, caused by the myocardial
bridge, to be possible. However, this cannot be verified by the investigations.

2.2.1.4 Conclusions

The recorded control inputs to exit from the right turn and the clear readability of
the last radio communication make any adverse effects due to the above-
mentioned medical influences improbable.
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2.2.2

2.2.3

2.2.4
2.24.1

Instruction and training

Instruction in aerobatics, followed by instruction in formation flying, is required in
the military sphere for flights in formation. In the civil sphere, however, this is
not regulated.

The general aviation experience of the pilot of P02 was considerable. In addition,
he had completed training in aerobatics, but this had not included any specific
training for flying in formation.

In the framework of continuing training courses, consideration was indeed given
to the special requirements for testing aircraft. This training did not include any
modules on aerobatics or formation flying.

The pilot of PO1 was trained in aerobatics and formation flying during his activity
in a foreign air force during long years.

Pilatus Flugzeugwerke AG trained its pilots for their activity as display and dem-
onstration pilots.

The planned flight programme was shown at AIR 04 after a corresponding train-
ing phase. After AIR 04, no further training flights in formation took place.

When training was resumed, it began with a minimum height of 500 ft QFE and a
lateral separation of half the width of the runway. Given such a long interruption
in training, an increase in the minimum height and lateral separation would have
been appropriate.

The training status must be described as inadequate for carrying out such com-
plex flying manoeuvres in formation.

Apart from the fact that the training was scheduled only one day before the en-
visaged departure, an additional aggravating factor is that the flight was delayed
repeatedly as a result of incomplete maintenance work. This is an indication of a
certain pressure.

Multiple responsibilities

Since the pilot of the aircraft involved in the accident had to perform other tasks
within the company in addition to his activity as a works pilot, he was unable to
concentrate exclusively on carrying out his flights.

As a result of his duel role as chief test pilot and manager flight operations, he
bore a heavy professional responsibility. This had increased even further in re-
cent times as a result of his impending departure abroad. However, his quickness
of mind and his ability to maintain on overview of his area of responsibility meant
that his work colleagues had been persuaded that he would cope with this tem-
porary stress.

Analysis of the manoeuvres flown, visibility and workload
Horizontal 360-degree turn and joining manoeuvre, P02

Because of the terrain, the first part of the 360-degree turn up to approximately
the end of the first 180° or so was flown in a gentle climb (200 — 300 ft) at a
constant acceleration of 3.5 - 4.0 g. Between 180° and 270° of the circular tra-
jectory, the turn was continued, presumably with a glance upward to the culmi-
nation point of PO1’s loop. As soon as visual contact had been made with the air-
craft high above in the aft position (loop), the pilot’s own flight path had to be
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2.2.4.2

2.24.3

managed in such a way that the two flight paths would close, with the necessary
safety separation. In this context, extrapolation of the vector of the descending
and very quickly accelerating aircraft was very demanding and difficult.

In order to estimate the distance from the 360-degree turn to an aircraft which
was rapidly accelerating vertically, the circling pilot had to incorporate in his es-
timates as an additional reference the right edge of runway 07L, as his lateral
safety separation line. This demanded a rapidly repeated glance back and forth
between the descending P01 aircraft and his references on the terrain.

A lateral safety separation of 100 m was agreed for the verification flights. The
manoeuvres which were being flown ended with a lateral separation of 100 - 200
m, corresponding to a deviation of 100 m. If one assumes that during the flight
involved in the accident half the runway width, i.e. about 20 m, had been agreed
as the lateral separation, the controlled convergence of the two flight paths has
been described as an almost impossible task by the pilot carring out the verifica-
tion flights.

If, because of the slight delay of aircraft P02 in relation to P01, the pilot had tried
to shorten his flight path by pulling in more, this would have led to an increase in
the g-force. However, a resulting transitory loss of consciousness can be ex-
cluded, as if this had occurred it would have resulted in a relaxation of the mus-
cles, with a reduction in his ability to control the aircraft. As a result, the aircraft
would have flown in a tangent out of its envisaged orbital path. However, the ini-
tial point indicated, that P02 followed the flight path of PO1.

Visibility of P01 in the joining manoeuvre

In view of the good visibility established in the verification flights and the radio
sequence with the instructions by the pilot in P02, it has to be assumed that vis-
ual contact existed from P02 to PO1.

Flying in a 360-degree turn with a bank angle of approximately 70 — 75° it was
extremely difficult to join up with an aircraft which was levelling out of a dive and
accelerating. It is possible that in the final phase of the loop, aircraft P01 and the
runway might have disappeared for the pilot of P02 behind the edge of his cock-
pit, the wing and the fuselage.

In order to maintain visual contact with aircraft PO1 during the closing manoeu-
vre, the pilot of P02 had to assume a position which was to the right of and
lower than PO1. It must be assumed that P02 wished to maintain constant visual
contact with P01 and was therefore in the position described.

The infringement of the agreed minimum altitude by aircraft P01 was detectable
only with difficulty by the joining pilot in this phase. Furthermore, in this phase
the manoeuvre also did not allow a glance away from the other aircraft to the al-
timeter display on the HUD or PFD. Thus he was also unable to take in the ex-
treme proximity of the ground. To do this, he would have had to glance to the
right above the wing.

Analysis of attitudes

The “keep going” radio instruction from the pilot of aircraft P02 involved in the
accident allows the conclusion that the pilot of P02 felt able to carry out the join-
ing manoeuvre and the subsequent leader switch.
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The radio instruction from P02 — “turn right” — came two seconds later. This in-
struction was clear and without any indications of a transitory loss of conscious-
ness by the pilot. At this time the pilot of P01 was already flying at a bank angle
of 20° right. It must be assumed that the pilot of P02 was concentrating solely
on the joining manoeuvre and thus on his position relative to the aircraft in front.
He was apparently not aware of the effective attitude and direction of movement
in space.

2.2.4.4 PO1 loop

One second after the “turn right” message from P02, PO1 reached the lowest
point of the loop at 180 ft QFE and a radio altitude of 330 ft and began to climb
again. The speed was IAS 307 at a bank angle of 23° right.

Presumably, at this time the pilot of PO1 had no opportunity to perceive the dan-
gerous position of P02, as the latter was very probably concealed by the wing
and/or fuselage.

The distinct infringement of the agreed minimum height of 500 ft and the accel-
eration sequence indicate that the pilot of PO1 did not adequately comply with
the intended sequence in the last part of the loop manoeuvre. It has to be as-
sumed that he was looking for visual contact with aircraft P02, to the right. This
assumption is supported by the fact that the aircraft was banking 10° - 28° to
the right in the last quarter of the loop.

The shallow dive of the aircraft involved in the accident towards the end of its
360-degree turn, observed by eye withesses could have occurred if the pilot of
P02 was using aircraft P01, with its descending instead of horizontal flight path,
as a reference. The lateral intersection of the runway centre line to the right in
the final quarter of the loop by aircraft P01 may possibly have put the pilot of
P02 under pressure and made his joining manoeuvre more difficult, as the refer-
ence vector was not only descending, but was also unexpectedly converging with
him laterally.
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3 Conclusions
3.1 Findings
3.1.1 Technical aspects P01

o The aircraft was admitted for transport as a prototype.

o The video recording from the camera installed on board could be analysed
and allowed a reconstruction of the loop which was flown.

o All the flight test instrumentation equipment had been removed from the
aircraft for the display flight abroad.

3.1.2 Technical aspects P02

o The aircraft was admitted for transport as a prototype.

o The investigation produced no indication that a technical fault on the air-
craft or on the engine was present.

. During the repetition of the manoeuvres during the verification flights, no
abnormal or limiting behaviour of the aircraft PC-21 was observed.

. The maintenance regulations for the test flight operation were defined by
Pilatus in a technical memo and were accepted by the FOCA within the ap-
proval for the first flight.

. The results of the investigations of the flight controls indicate that these
were functioning without limitations at the time of the initial impact.

. The left roll spoiler actuator was extended at the time of the impact.
o The right roll spoiler actuator was retracted at the time of the impact.

. The activation of the left roll spoiler actuator indicates that at the time of
the initial impact the pilot was on the point of levelling the aircraft after its
previous right turn.

. On the basis of checks in the two verification flights, an accelerated stall
(high-speed stall) can be excluded as a possible cause of the accident with
a very high degree of probability.

o The release handle of the front ejector seat was torn from its fixing by the
impact forces during the crash. The partial detonation of the ejector seat
munitions which was found was not due to the pilot but was a result of the
impact with the ground.

. All the flight test instrumentation equipment had been removed from both
aircraft for the display flight abroad.

3.1.3 Crew

o The pilots were in possession of the necessary licences, medical fitness cer-
tificates and ratings.

o From the medical viewpoint, the pilot involved in the accident would not
have been fit to fly because of the refraction defect in his vision.
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The ascertained control inputs to come out of the right turn and the clear
comprehensibility of the last radio conversations make it unlikely that the
capacity of the pilot of P02 was adversely affected by ill health.

The pilots were acquainted with the aircraft and the figure to be flown.

Unlike pilot P01, pilot P02 had not been systematically trained in formation
flying.

3.1.4 Course of the flight

The accident occurred in the very demanding phase of “joining” after loop-
ing and the horizontal 360-degree turn.

The manoeuvre was very demanding for the pilot of P02 in particular, as
his full attention was needed to assess the convergence vectors.

The pilot of P01 flew as leader (of the formation) in the first phase of the
aerobatics programme up to the “joining”.

500 ft above ground was prescribed as the minimum height. Runway
07L/25R served as the centre line of the display and the road which
crossed the aerodrome served as the ‘centrd (the centre of the perform-
ance space).

For the combined loop and horizontal 360-degree turn aerobatic figure, it
was agreed that PO1 would fly on the runway centre line and that P02
would fly south of the edge of the runway.

Initiation of the loop took place without a stabilisation phase immediately
after the figure that had previously been flown.

The flight parameters of P01 at the start of the loop were: height indicated
on the HUD: 390 ft QFE; height corrected for SSEC: 510 ft QFE; heading:
065° i.e. on runway centre line; lateral displacement: slightly to the right of
the runway centre line; attitude: 0°

The flight parameters of P01 at the end of the loop were: height indicated
on the HUD: 180 ft QFE; height corrected for SSEC: 300 ft QFE; heading:
084°; lateral displacement: approx. 140 metres to the right of the runway
centre line; attitude: 23° right.

The pilot of P02 very probably aligned his flight path according to that of
aircraft PO1.

At the top of the loop, the pilot of P01 confirmed that he could see the
other aircraft with the word “contact”.

Three seconds later, when aircraft P02 had flown approximately 210 of its
360-degree turn, its pilot also confirmed that he had the aircraft in the loop
in sight with the word “visua/".

After a further ten seconds the pilot of P02 asked the pilot of aircraft PO1 to
continue flying his figure with the words “keep going’. His position was
clearly behind that of aircraft PO1.

Two seconds later, the pilot of P02 again commented on the beginning of
the next planned figure, a tight 180-degree turn, with the words “turn
right”.
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The “keep going” radio instruction from the pilot of aircraft P02 permits the
conclusion that he felt able to carry out the joining manoeuvre and the
subsequent leader switch.

It must be assumed that there was visual contact from P02 to PO1.

3.1.5 General conditions

There are no indications that environmental influences affected the course
of the accident.

The flight could not take place until early evening because of trouble recti-
fication on the aircrafts.

This programme was flown for the first time with both aircraft on 26 Au-
gust 2004. Five formation-training flights were made at Buochs aerodrome
and three display flights were made as part of Air04 in the period from
26.08.2004 to 05.09.2004.

The flight involved in the accident was the first formation training since the
display at Air04.

3.2 Causes

The accident is attributable to a collision with the terrain during an aerobatic
formation flight, because the pilot of the aircraft involved in the accident was
very probably concentrating on the closing manoeuvre with the other aircraft. In
the process, he did not pay attention to his height above the terrain.

The following factors may possibly have contributed to the accident:

The impairment of the vision of the pilot involved in the accident.
The pressure of time and the multiple tasks imposed on the pilot.
The difficulty of the manoeuvre which was being flown.

The low level of training in formation flying.

Non-compliance with the agreed altitudes and separations.

Appendices

Appendix 1: Overview of the site of the accident

Appendix 2: Final position of different parts of the wreckage

Appendix 3: Model of the position of the sun and shadows cast

Appendix 4: Simulation of the aircraft impact

Appendix 5: Reconstruction of the two flight paths

Berne, 27 July 2006 Aircraft Accident Investigation Bureau

This report has been prepared solely for the purpose of accident/incident prevention. The
legal assessment of accident/incident causes and circumstances is no concern of the inci-

dent investigation (Art. 24 of the Air Navigation Law).
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Overview of site of the accident

Smoke over the dam of the Engelberger Aa

Overview in direction east
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First point of impact and second point of impact plus detached tail in rear
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Tail and point of impact on the dam; behind the cockpit in the area of Buochs

Point of impact on the dam of the Engelberger Aa
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Final position of different parts of the wreckage

Final position of the tail

Final position of wing main- spar / fuel tank section
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ockpi n the Buochs side of e channel
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Engine on the a of the Ené/rAa

Propeller hub in the Engelberger Aa
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Model of the position of the sun and shadows cast
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Simulation of the aircraft impact

The reproductions below show a plan view and a lateral view of the positions of aircraft P02 from the point of initial impact until leaving the
ground anew in the area of the first point of impact.

Plan view

Lateral view
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Reconstruction of the two flight paths; plan view

turn right
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we have an accident

Legend:

Blue color: flight path PO1
as per analysis AAIB

Red color: assumed flight path
P02 as per data AlB

Blue text: Radio communication pilot PO1
Red text: Radio communication pilot P02
Green text: Radio communication observer

Distance of grey dots = 1 second
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Reconstruction of the two flight paths; lateral view
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Legend:

Blue color: flight path PO1
as per analysis AAIB

Red color: assumed flight path
P02 as per data AlB

Blue text: Radio communication pilot PO1
Red text: Radio communication pilot P02
Green text: Radio communication observer

In this drawing, the static source error was
accounted for (see 1.6.4.4).

Distance of grey dots = 1 second
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A Spectrum 33 very light jet crashed
shortly after takeoff on July 25 from
Spanish Fork, Utah, killing two test
pilots. Glenn Mayben, director of flight
operations for Spectrum Aeronautical
LLC, and Nathan Forrest, vice director,
had just lifted off for a post-mainte-
nance test flight, when the twinjet rolled
sharply to the right. At approximately 90
deg. right wing down, the wingtip hit the
ground and the aircraft cartwheeled,
breaking up. A preliminary NTSB
report issued last week notes that, just
prior to the accident, an “aileron upper
torque tube V-bracket” had been
removed and redesigned to provide ade-
quate clearance following changes to a
main landing gear strut. NTSB investi-
gators found that, during the part’s rein-
stallation, a “translation linkage” had
been “connected in a manner that
reversed the roll control.” When the
pilot or copilot commanded a left roll
via the Spectrum 33's sidesticks,
ailerons would have been deflected in
such a way to produce a right roll and
vice versa. The NTSB cautions that this
is preliminary information subject to
change. The Spectrum 33 had logged 44
hr. since its maiden flightonJan.7. @
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NTSB Identification: SEAO6FA1.46
14 CFR Part 91: General Aviation
Accident occurred Tuesday, July 25, 2006 in Spanish Fork, UT
Aircraft: Spectrum Aeronautical LLC 33, registration: N322LA
Injuries: 2 Fatal.

This is preliminary information, subject to change, and may contain errors. Any errors in this report will be
corrected when the final report has been completed.

On July 25, 2006, approximately 1606 mountain daylight time, a Spectrum 33 experimental twin-engine jet atrplane,
N322L A, collided with terrain following a loss of control during the initial climb after takeoff from runway 30 at
Spanish Fork-Springville Airport, Spanish Fork, Utah. The airplane, which was registered to and operated by
Spectrum Aeronautical LLC, was destroyed by impact forces. The two commercial pilots aboard received fatal
injuries. Visual meteorological conditions prevailed and no flight plan was filed for the 14 CFR Part 91 local
maintenance test flight. The flight was originating when the accident occurred.

Witness observations indicate that the airplane entered a right roll almost immediately after takeoft. The roll
continued to about 90 degrees right wing down when the right wingtip impacted the ground.

Examination of the accident site revealed that the initial impact point was located about 150 feet right of the runway
30 centerline. A ground scar oriented on a magnetic heading of about 330 degrees extended from the initial impact
point to a barbed wire fence about 120 feet away. Various pieces of right wing debris were found along the ground
scar. The wreckage path veered about 20 degrees right at the fence and then remained essentially straight to the main
wreckage site on about a 350 degree magnetic heading. The main wreckage was located about 750 feet from the
initial impact point and included the forward fuselage, aft fuselage and a majority of the wing structure. All major
components of the airplane were accounted for in the wreckage path or with the main wreckage. There was no
evidence found of any pre-existing failures of the airplane’s structure.

Roll control on the airplane was from the pilots' side sticks to the ailerons through a mechanical system of torque
tubes and push-pull tubes. The left side stick was primary, and the right side stick was slaved to the left side stick.
The roll control motion of the left side stick was linked through a quadrant below the cockpit floor to the lower
torque tube. The lower torque tube ran from the quadrant to the aft pressure bulkhead. The translation linkage, the
linkages and bell cranks that translated the rotational motion of the lower torque tube to a linear motion of the
aileron push-pull tubes, was located on the aft side of the pressure bulkhead in the main landing gear (MLG)
gearbox area.

During examination of the wreckage, aileron control continuity could not be established from the cockpit to the aft
pressure bulkhead due to fragmentation of the airplane, however, all of the lower torque tube was accounted for.
Control continuity was established from the torque tube input on the aft pressure bulkhead to the aileron bellcrank
on the right wing and to the torque tube about 50 inches inboard of the aileron bellcrank on the left wing.
Examination of the translation linkage on the aft side of the aft pressure bulkhead revealed that it was connected ina
manner that reversed the roll control. Specifically, the linkage was connected such that left roll input from the side
sticks would have deflected the ailerons to produce right roll of the airplane, and right roll input from the side sticks
would have deflected the ailerons to produce left roll of the aimplane.

According to information provided by the operator, the airplane had accumulated about 44 hours total flight time
since its first flight on January 7, 2006. Prior to the accident flight, the airplane’s most recent flight, flight number
46, had taken place on June 30, 2006. During the time between flight 46 and the accident flight, the airplane had
been undergoing maintenance. The maintenance included removal of the ML G in order to stiffen the MLG struts.
Upon reinstallation of the MLG, it was found that inadequate clearance now existed between the left MLG strut and
the aileron upper torque tube V-bracket. The V-bracket was removed and redesigned to allow proper clearance of
the MLG. Removal of the V-bracket required disconnection and removal of a portion of the translation linkage.

http://www.ntsb.govintsb:brief asp?ev 1d=20060731X01059&key=1 9/23/06
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African country, two years after the Lift-
ing of an arms embargo. However,
industry observers say Libya is more
likely to start by upgrading its Mirage
Fls, as Morocco—another potential
Rafale buyer—is doing. o

RUSSIA= & *

The air force has formally accepted
into service an improved version of the
Saturn AL-31 engine—the AL-31F-
MIl—ijor its Sukhoi Su-27 and 5u-30
fighter aircraft. The upgrade offers an
8% increase in maximum power, and is
expected to extend engine life, o

SIA-PACIFIC . - .

The first Australian C-17 has moved
out of Boeing's paint hangar at Long
Beach, Calif., to begin preparations for
its first flight later this month. The
Australian C-17 is a Block 17 aircraft
that includes upgraded combat light-
ing, formation flying capability and
flightcontrol software,The second C-
17 for Australia is set for delivery in
2007 followed by two more in 2008. @

Following Australia’s clearance last
week, France's Thales will acquire a
50% share in ADI, which is owned by
Transfield Holdings, The A$170-million
(3127.5-million) deal will give Thales
full control of the country’s lcading
acrospace and defense contractor. ADI,
which generates annual sales of AS700
million and employs 2,500 people, will
be combined with subsidiaries that pro-
duce underwater systems, air traffic
management and training/simulation, to
form a new entity, Thales Australia. ©

China has published a new white
paper sctling out a space road map for
the next five years. One priority of
China’s second plan will involve devel-
oping and operating a high-resolution
Earth-obsetvation system, a polar and
geostationary weather satellite net-
work and a system of small disaster
protection spacecraft—along with
associated satellite, launcher and
ground production and operating
facilities, Launcher development will
focus on a new nontoxic low-cost high-
performance rocket family capable of
lifting 25 metric tons to low Earth orbit
and 14 tons to geostationary transfer
orbit. Extravehicular activity and ren-
dezvous/docking mancuvers will be the
main thrust of manned missions. O

www.aviationweek.com/awst
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A Canton, Ohio, aerospace company is fielding an entry in the compe-
tition for a counter-insurgency aircraft. A proof-of-concept for the turbo-
prop-powered A-67 Dragon flew Oct. 6.

Test pilot Dale Mitchell completed a 45-min. test regime after takeoff '

from Cassville, Mo. Upon landing at Monett Municipal Airport, also in Mis-
souri, the right landing gear failed, causing the aircraft to slide off the run-
way. The gear and four-blade Hartzell propeller were damaged; a stronger
main pear is under consideration.

In development since 2003 by US Aircraft Corp., a subsidiary of US Tech-
nology Corp., the Dragon is designed for multimission roles, built with com-
mercial off-the-shelf parts and armored for small arms survivability. Simi-
lar in appearance to a straight-wing fighter of World War I vintage—except
for side-by-side scating and a tricycle landing gear—the Pratt & Whitney
PT6A-67A turboprop engine, rated at 1,200 shp., allows an armament pay-
load exceeding 3,000 Ib.

The Dragon is being developed for fighter and attack roles, with capa-
bilities to provide close air support, perform as a patrol and reconnaissance
aircraft, and serve as a trainer. Distinctive features arc a ballistic parachute
recovery system and alternate deployment as an unmanned aerial sysiem.

The aircraft incorporates leading-edge stealth polymer, ceramic and met-
als technologies and will provide a unique platform for the U.S. and allied
countries, a company abstract says. The concept was developed during con-
versations between US Aircraft President Raymond F. Williams and USAF
Brig. Gen. (ret.) Charles Jones, 3rd, a former A-37 Dragonfly wing com-
mander. Jones says the need for a counter-insurgency aircraft is acute in
the developing world, where cost and maintenance are major considera-
tions. The price tag: $3.5 million. The Pentagon has reawakened its inter-
est in a counter-insurgency aircraft, and a Rand report noles a continuing
need for this special capability (AW&ST Aug. 21/28, p. 36).

Restoration specialist Golden Aviation of Monett built the A-67 proto-
type. Williams provided $5 million for initial funding. In spite of the delay,
Williams says he is moving forward with a production facility and fixed-base
operation at Akron {Ohio) Fulton Airport. He expects to benefit from a
partncrship program involving the NASA Glenn Research Center and as
many as 10 Ohio universities with similar capabilities. o

Corrections: The chronology of mile-
stones for the Airbus A380 program
should have noted that the first flight
took place Apr. 27, 2005, after having
been scheduled originally for late
2004 (AWEST Oct. 9, p. 26).

An article inaccurately described
the proposed Falcon 9 rocket that
SpaceX is developing to launch its
planned Dragon vehicle for NASA's
Commercial Orbital Transportation
Services {COTS) effort (AW&ST Oct.

9, p. 66). The Falcon 9 first stage car-
rics nine engines; its upper stage is a
truncated version of the first stage,
and both stages are planned to be
reusable.

The Rockot light Jauncher returned
to service on July 28. The flight return
of Dnepr, provisionally expected by
late November, will be the third in
four months for Russian boosters,
after Rockot and Proton M (AW&ST -/
Oct. 2, p. 70).
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The crash of Grob Aerospace’s scc-
ond SPn light jet prototype is likely to
set back plans for centification next
summer. The all-composite aircraft
crashed shortly after takeoff, killing
the two pilots. The aircraft joined the
flight test program in September. ©
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- . Crash Consequences ~

" ROBERT WALL/PARIS

initial findings on the crash of the Grob Aerospace

SPn utility jet prototype in the coming weeks. What's
already clear, though, is that the program, already fighting
an uphill schedule battle, now faces further delays.

The Nov. 29 crash of the second SPn prototyp.e killed the
compary’s chief test piot, Gerard Guilaumaud, and has forced
Grob to restructure SPn development plans. Design changes
loomn, company officials acknowledge. What those will be de-
pends on the investigators' findings.

Flight testing has been suspended in the wake of the crash,
which occurred shortly after takeoff near the manufacturer's
Mattsies-Tussenhausen site. The prototype lost control sur-
faces during a demonstration fiight, leading to the accident.
German flight accident investigators say the suspension is
not an official grounding, but was a company decision.

The loss of the second prototype is particutarly troublesome
for the aircraft maker because it featured design changes to
alleviate shortcomings on the first aircraft, The flight envelope
for those alterations had not been fully explored. It's alsa the
first production-like model because it features the enhanced
Honeywell Primus Apex avionics suite.

G erman accident investigators are expected to release

Grob has had a third prototype in build since October

www.aviationweek.com/awst

and says that aircraft is still scheduled to join the flight-test
program in the second quarter. However, company officials
are not saying whether this will allow time for design modifi-
cations. The fourth SPn, which is the first production air-
craft, will be pulled into the flight-trial phase.

Development of the 8-seat all-composite aircraft has suf-
fered repeated delays. For instance, the mishap aircraft en-
tered the flight-test program nearly three months late. More-
over, Grob once hoped to certify the SPn in early 2007, A
weather-induced slowdown in flight testing, along with de-
sign changes, forced a delay, setting certification back to
the third quarter this year. Now, Grob has again revised its
outlook and says it is targeting approval from the European
Aviation Safety Agency in the first quarter of 2008—-FAA cer-
tification would follow in the second quarter.

The delay has financial implications for Grob, which was
hoping to deliver the first aircraft next year and 15 within the
first year of production. CEO Niall Olver says *ramp-up on
subsequent production will now be faster to compensate
for this delay” The goal is to reach an annual production out-
put of 40 aircraft by the third year. Olver took over running
the company this year when Zurich-based Execulet Aviation
Group, which he also heads, bought Grob Aerospace. ©
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“Wrong relight drills caused Saras crash”

Ravi Sharma

BANGAILORE: The board of inquiry constituted by the Directorate-General of Civil Aviation
(DGCA) has completed its investigation into the March 6 crash of the Light Transport Aircraft
Saras near Bidadi in Kamataka.

Two pilots and an engineer, all from the Indian Air Force’s Aircraft and Systems Testing
Establishment, were killed in the crash of the Prototype Two (PT2).

An official of the National Aerospace Laboratories (NAL), designers of the Saras, said the
DGCA had promised to make the report available before month-end.

The Hindu has leamt from officials connected with the board of inquiry that the engine relight
(engine restart) drills given by the designers and followed by the pilots were wrong.

The two test pilots were for the first time on the Saras, attempting to switch off and relight in
midair one of the two Pratt and Whitney (PT6A-67) engines. The test is a mandatory requirement
of the flight development programme. The aircraft had reached its designated height of 9.000 feet
and the left engine switched off. After one minute, the crew attempted to relight the engine, and
this was communicated to the ground crew. But soon after radic communication was lost, the
aircraft started losing height and crashed. “Prior to the flight, the pilots were briefed by the
designers about the drills to be followed during relight, and they followed it. But the relight drills
were incorrect. With each aero engine having its own unique set of procedures to be adhered to
during relight (like at what speed, airflow, where the propellers stop, etc), the pilots just followed
the designer’s briefings. Errors occurred; the aircraft went out of control and crashed,” an official

explained.

© Copyright 2000 - 2009 The Hindu
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reduction plan ahead of first flight to bring 787 performance back in line with customer expectations.”

SPEEA Rejects Strike, Hopes To Resume Boeing Talks. The Puget Sound Business Journal (3/9, McCoy)
reported, "Four days after rejecting The Boeing Co.'s contract offer for the second time in under a month, me :
engineers’ union in Wichita, Kan., hope to soon return to talks with the company " Although "members of the’Society of
Professional Engineering Employees in Aerospace voted down Boeini}céntract offer,” the union “also vgted against givin
SPEEA leadership the authorization to call a strike.” The vole "expresséd their displeasure with the confract, but also their
willingness to work with the company,” said SPEEA Midwest Dir r Bob Brewer. He adds that "no J¥metable has been set
returning o contract negotiations, but that the two sides are disgdssing how and when to schedule4he next round of tatks.”

DARPA Funds Search To Develop Production Of JP-8 Algae F(el.

Biodiesel Magazine (3/10, Schill) reports in its April issyé that "algae research will get a big/boost from two projects involvin
multiple partners that received funding this winter thrgugh the US Department of Defensg’s Defense Advanced Research

Projects Agency. DARPA's BioFuels program is exploring energy alternatives and fuel£fficiency efforts in a bid to reduce tt
mifitary's reliance on traditional fuel through cost’effective alternatives.” The projecty”aim to develop a scalable process for

1 annually depending on miles flown, which could result in a total savings of 29
annually.” The winglets should aiso provide “a 277,000 metric ton reguction in carbon dioxide emissions and gh increase in
aircraft range of 360nm" and "the improved take-off performance of the aircraft could generate up to 12,000,
payload™

NATS Pledges 10% Emissions Reduction By 2020.

Flight Intemationa (3/10, Learmount) reports, "UK air naviGation service provider NATS has promised to reduce the emissi
aircraft it contrefs by 10% per flight by 2020." A NATS sfudy has "calculated that 26 million tonnes 4f CO2 is emitted in UK
airspace anndally. It says this 1s its benchmark for the planned reductions, to be achieved througi shorler routeings, greent
airport appfoaches and departures and enabling optimum en-route flight levels.” NATS CEO Pzll Barron added, "thisisat
target in challenging times, but aviation is making strides to be more sustainable and air traffig control must play its part.”

India's Prototype Saras Turboprop Crashes, Kills Three.

Aviation Week (3/9, Warwick) reported, "The second prototype of India’s indigenously designed Saras 14-seat twin-turbopn
crashed near Bangalore on March 8 during a test flight, killing all three crewmembers.” The plane "has been criticized for br
overweight, over budget and behind schedule, but according to Indian media its developer, the National Aerospace Labora’
(NAL), expects the project to continue despite the crash.” NAL “is building a production-standard third prototype, targeting &
kg. weight reduction, but this is not expected to fly before year-end.”

UK Recalls Nimrod Fleet For Safety Modifications.

Flight International (3/9, Hcyg) reported, "The UK Royal Air Force is fo restrict operations of its British Aeros

and Nimrod R1 surveillance aircraft fleets for the next several mory(s) following a decision to complete esséntial safety
modifications to the agedépes According o the RAF, requnred modifications include replacing engineday hot air ducts &
fuel seals in 15 MR2s ., énd three R1s." The article notes that scrutmy of the RAF's Nimrod fleets has been intense since a
September 2006 mrc}‘alr explosion over southern Afghamstan ‘which destroyed MR2 XV230 and BZHZd 14 service personnel
accident was attribdted to factors including leaking fuel comung into contact with super-heated blefd air pipes routed from tt

type's englnes/ .f

. / /

Report Finds Flaws In RSA Safety Improvements. :

Air Trans_pén Intelligence {3/9, Croft} reported that’a Transportation Department investigation “faults the FAA's airports
/

i
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FINAL INVESTIGATION REPORT _ON ACCIDENT TO_NATIONAL_
AEROSPACE LABORATORIES, BANGALORE  SARAS PT2
AIRCRAFT VT-XRM AT SESHAGIRIHALLI  NEAR __ BIDADI
(KARNATAKA) ON 6% MARCH 2009

1. Aircraft Type & model : Saras Prototype PT 2
Nationality : Indian
Registration : VT-XRM
Engine : P&W,PT6A-67A

Owner & Operator : National Aerospace Laboratories
P.B.No:1779, Kodihalli
Bangalore-560017

. a) Pilot-in command : Wg Cdr (22917-S),F(P)
b) co-pilot : Wg Cdr (23165-H),F(P)
¢) Flight test engineer : Sqn Ldr (24746-M)AE(M)

b) Extent of injuries : Fatal

. 3) Number of passengers : Nil
b) Extent of injuries : N/A

Place of Accident : Seshagirihalli , near Bidadi about
37 Km Southwest of HAL
airport, Bangalore
Latitude: N 12°50° 567
Longitude: E 077° 23" 46"
Date and time of Accident : 6 March 2009, appr 1004 UTC

(All Timings in this report are in UTC)

SYNOPSIS

Saras Prototype PT2 aircraft VT-XRM manufactured and owned by National Aerospace
Laboratories, Bangalore was scheduled for carrying out its test flight no 49. On 06.3.2009
which also include inflight engine shut down and relight procedure at 10000°AMSL . Chief
test pilot was on commander seat , test pilot was on co -pilot seat and Flight test engineer was
also on board. Aircraft took-off at 0925 UTC and thereafter changed over to radar. There was
no events. Aircraft was then cleared to flight level 100, operate up-to 10miles. After
completing general handling checks at 9000°AMSL without any events, Single engine
simulated approach was carried out on r/w 09. At about 0941 UTC aircraft was cleared for
overshoot, wind 090/06 kts, Aircrafi made overshoot at 300°AGL. Aircraft was then changed
over to radar again. At 0942 UTC Aircraft was cleared to climb FL100 and pr oceed sector
Southwest 2 for carrying out engine relight test procedure. After climbing to about
9000’ AMSL in sector Southwest aircraft reported 15 miles and FL 90 at about 0948 UTC
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and reported tuming around. But HAL radar as well BIAL radar was showing level 72 for
which aircrafi replied that it has descended and climbing back to 9000°’AMSL. At about 0956
UTC aircraft reporied “OPS NORMAL” at 20Nm in sector Southwest 2. This was the last
contact of aircraft with radar but was in contact with FTD telemetry desk of ASTE,
Bangalore. After successful lefl engine shut down and its securing procedure, at about 1001
UTC left engine relight procedure was initiated at about 9200°’AMSL. During the
relighting of left engine, FTD desk also lost contact with aircraft about 37 secs prior to
crash. Aircraft crashed at about 1004 UTC,

There was no response from pilots even after repeated calls made by the Radar controller as

well as FTD desk. Radar contact with the aircraft was also completely lost. All possibl e
communication means including through en -route traffic to contact the aircraft went in vain.
After extensive search efforts, at about 1100 UTC it was finally established that the aircraft

crashed at a village called Sehsaginihalli (close to wonderland amusement park) ncar Bidadi,
37km by road (1km off Mysore road) southwest of HAL airport, Bangalore.

All the three persons on board were charred to death. There was post impact fire. Aircraft was
completely destroyed due impact and fire.

I. Factual Information :
1.1  History of the flight

On 06.3.2009 Saras Prototype PT2 aircraft VT -XRM manufactured and owned by
National Aerospace Laboratories, Bangalore was scheduled for carrying out its test flight no
49 . Test flight programme includes general air tests/handling checks to ascertain the aircraft
flying characteristics after the 50 hrs Scheduled servicing, dummy approach in simulated
single engine configuration at 5000°AMSL, go around at 300’AGL in a simulated one engine
inoperative condition, landing in a simulated one engine inoperative condition and to carry
out in-flight engine shut down and relight procedure at 10000’ AMSL within 130 <150 kts
speed. Tests are to be carried out as per existing SOP and test procedures and limitations and
pre flight test briefing meeting. Aircraft was cleared by approved inspectors of NAL after
carrying out daily inspection on 6.3.2009 for test flight No:49 and was duly accepted by the
Chief test pilot. Preflight briefing was taken by the Wg Cdr (22917-8), F(P), chief test pilot
was on commander seat, Weg Cdr (23165-H), F(P) - test pilot was on co-pilot scat and Sqn
Ldr (24746-M), AE(M) was on Flight test engincer on board. The test team also accepted
flight test schedule of flight No:49. Total duration of the tests was estimated to about 45
minutes.

Engines were started at 0913 UTC at ASTE, dispersal arca . All engine paramelers were
reported nommal. Afier carrying out post start up and pre taxy checks, aircraft taxied out for
Runway 09 at HAL airport. As per departure instructions after departure R/W 09 aircraft to
climb on R/W heading 5000, tumn right set course to southwest -2 and in coordination with
approach radar to operate upto 10 miles and level 100. Aircraft was cleared for take -off from
R/W 09 with surface wind 090°/06kts. Aircraft took-off at 0925 UTC and changed over to
radar at 0926 UTC. There was no event. Aircraft was then cleared to level 100, operating upto
10miles. Afier completing general handling checks at 9000°’AMSL without any events,
Aircraft was stabilized with simulated single engine approach to the landing r/w 09. Single
engine simulated approach was carried out. At about 0941 UTC aircraft was cleared for
overshoot, wind 090/06 kts. Aircraft made overshoot at 300°'AGL. Aircraft was t hen changed
over 1o radar again. At 0942 UTC aircraft was cleared to climb level 100 and proceed sector
southwest 2. Aircrafl right engine was throttled up 1o match left engine and aircraft climbed
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out to 9000° AMSL in sector southwest. At about 0948 UTC aircraft reported 15 miles and FL
90 and reported tuming around. But HAL radar as well as BIAL radar showing level was 72
for which aircrafi replied that it has descended and climbing back to 9000°’AMSL. At about
0955 UTC aircraft reported “OPS NORMAL” at 20 Nm in sector southwest 2, This was the
last contact by aircraft with radar. Afler 0955 UTC Radar contact with the aircraft was

completely lost.

As per ASTE Telemetry, after tumed round to point towards HAL airfield aircraft was
observed about 20 miles at 9000°AMSL with 140 kis speed. Telemetry link was good at this
position Left engine was then shut down and secured following the test procedure at about
10:00:40 UTC. Pilot was in touch with Flight test director on R/T at telemetry desk. After
about 47 secs, left engine relight procedure was initiated at around 9200°AMSL. Pilot
also reported to Telemetry the start of relight of the engine. Telemetry indications also
showed the rise in Ng and ITT. At about 100 secs prior to crash airc raft went into sudden
dive from 9200’ to 7300° for about 13 secs. Meanwhile  During the relighting of left
engine, FTD desk also lost RT contact with aircraft about 37 sces prior to crash and
telemetry link with the aircraft was also intermittent, At 37 secs prior to crash when
Telemetry called aircraft “ can you call up. What is going on”, aircraft replied
“Standby™ this was the last contact of Telemetry with aircraft. After that there was no
contact from the pilot.

Just before 7 secs of crash when the telemetry data signal was restored aircraft already lost to
the height of 4260°’AMSL(1900°’AGL) and in continuous loss of height and Ng was about
31%. There was no response from pilots even after repeated calls from FTD desk. . Aircraft
was rapidly loosing the height without any control. Cockpit voice recording clearly showed
that on last moments just 10 secs prior to crash ,commander called out * Aircraft has
departed™ indicating aircraft completely gone out of control. During the last moment
of crash telemetry recorded Ng : about 54%(63% as per FDR), Engine oil pressure 88,
fuel flow 94%,ITT 647 deg C, indicating engine relight was successful. But by the time
aircraft was almost on ground. Aircraft crashed at about 1004 UTC.(10:03:44)

All possible communication means including through en-route traffic to contact the aircraft
went in vain, Search operation by ALH helicopter (A67) ,Chetak(T45) and T55 was effected.

At about 1033 UTC police control room reported that an aircraft had crashed near Bid adi.
After extensive search efforts, at about 1100 UTC, A67 found out the crash site having

bearing 251° and 17Nm from HAL airport. Later it was affirmed that the aircraft crashed at a

village called Sehsagirthalli {close to wonderland amusement park) ne ar Bidadi and 37km by
road(off Mysore road) Southwest of HAL airport, Bangalore. The crash site was a wide -open
residential plot area of uneven hard terrain surrounded by poles and wild plants. It was on a

radial of 251° /17 NM from HAL, Bangalore airport having coordinates LAT : N12° 50°56”
, LONG: E077° 23°46™)

All the three persons on board were charred to death and were on their seats. There was post
impact fire. Aircraft fuselage was broken from rear of the main plane and found in an inverted
position. The vertical fin leading edge was facing the ground and the respective tail mounted
engines by the side of it. The nose portion of the aircraft was facing East direction. Aircraft
was completely destroyed due impact and fire.




1.2

1.3

1.4

1.5

1.6

Injuries to Persons

Injuries Crew Passengers Others
Fatal Three Nil Nil
Serious Nil Nil Nil
Minor/none Nil Nil

Damage to Aircraft

Aircraft was completely destroyed due impact and post impact fire.
Other Damage

Nil

Personnel information

The test flight No:49 of Saras PT2 aircraft VT-XRM was operated by flight test team
nominated by ASTE, IAF, Bangalore. The flight test team includes two Indian Air
Force Test Pilots and a Test Engineer. The details of the crew members of the flight
test team are as follows:

i Wg Cdr (22917-S), F{P) Chief test pilot was the commander of the
aircraft,

ii. Wg Cdr (23165-H), F(P), test pilot was Co-Pilot and

iii. Sqn Ldr {(24746-N), AE(M) was Flight Test Engineer.

Both the cockpit crew have become test pilots after comp letion of the Experimental
Test Pilot’s course in May 2006.

a) Wg Cdr (22917-S), F(P),aged 35, is a DGCA approved Chief test pilot for
Saras PT2 with effect from 5™ Aug’® 2008. He is also flight test incharge and
responsible for deploying DGCA approved test pilots and flight test engineers to carry
out flight tests of Saras PT2 aircraft. He had a total flying experience of 2414:00 hrs
with about 310:00 hrs on turbo-props including Saras Aircraft.

b) WgCdr (23165-H), F(P),aged 36, is a DGCA approved prototype test pilot for
Saras PT2 aircraft with effect from 14.11.2007. He had a total flying experience of
2080:00 hrs with about 315:00 hrs on turbo props including Saras Aircraft.

¢) Sqgn Ldr (24746-M), AE(M) , aged 33, is a DGCA accepted flight test engineer
and approved by chief test pilot of Saras PT2 team with effect from 1.12.2006.

Aircraft Information

a) The SARAS PT-2 aircrafl is an experimental aircraft under development by M/s
National Aerospace Laboratories, Bangalore and is intended for passe nger and
cargo transportation on domestic routes. It is designed, manufactured and
operated by NAL, Bangalore as Saras Prototype -1l aircraft. This aircraft has been
duly entered in the register of India with effect from 5.12.2006 and was given the
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b}

<)

d)

€)

8)

h)

Registration marking as VT-XRM. The Certificate of Registration issued bears
Cert. No. 3460, under category A. The aircraft serial number is SP002 and the
year of manufacture is 2006.

The aircraft is light transport aircraft configured as a low wing monoplane w ith
T-tail powered by two Pratt & Whitney, Canada ,PT6A -67A Turboprop engine
in the pusher configuration. Each engine is fitted with a 5 bladed MT propeller
made of Aluminum alloy incorporating a variable pitch, constant speed unit and
a propeller over speed governor. The engines are installed on the stub wings on
either side of the rear fuselage,

The flight compartment is equipped to allow operation of aircraft by a two -man
flight crew. The standard design configuration is provided with seating for 14
passengers, seated 2 abreast. Front and rear baggage compartments are provided
for the purpose of accommodating the baggage.

The fuselage is of semi monocoque construction and is made up of front, center
and rear sections. It has all-metal , fully cantilevered dihedral wing.

There is a swept back, fully cantilevered vertical stabilizer attached to the top of
rear fuselage. A horizontal stabilizer is mounted on top of the vertical stabilizer.
Both the stabilizers are removable and are of twin spar constructi on. Elevators
are hinge mounted to the rear spar of the horizontal stabilizer and similarly
rudder is mounted to the vertical stabilizer. Balance tab for all the control
surfaces with gear ratios are provided.

Aircraft is fitted with wing integral tank having fuel capacity of 840 litres on
each wing. Fuel used is any of the following: JP1, Jet A, Jet A-1, AVTUR. Oil
uscd is of type Il conforming to P&WC SB 14001 or synthetic Oil MIL -L-
23699C

In a standard design configuration it features a pressurized cab in and is capable
of cruising at altitudes upto 30,000 ft. It is designed for all weather operations.
SARAS PT2 is designed to meet the airworthiness standards of FAR -25 and
operational requirements of FAR-121

The aircraft was still under the development stage. Hence the weight schedule
was not yet finalized. However the restriction was fixed for the 40" i.e the
accident test flight the details of which are given below:

i.  Maximum take off weight of the aircraft: 6400Kg.

if.
1it.
iv.
v.
vi.

C.G at 30.02% MAC(U/C RETRACTED)
Fuel status-752 Kg

Ballast — 99 Kg

Persons on board — Three.

Max Speed — 200 knots IAS

The aircraft was prepared as per Standard of Preparation SARAS PT -2, Vol

33; Report SOP — 2 dated Nov-2006, Issue B with modifications as indicated in
document Ref. vol 33, MOD-SOP-2 Issue A June 2008, There was 793 kg of fuel on
the aircrafi on clearing the aircraft for 49 ™ test flight on 6.3.2009. Aircraft was also
carrying three serviceable parachute unit for emergency purpose.

Aircraft is also maintained by NAL, Bangalore and completed 48 test flights prior to
the accident test flight. Aircraft propeller had logged 50:20 hrs on completion of 48 ™
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test flight. On 6.3.2009 aircraft was inspected by the airframe, engine, avionics,
instruments, electrical system inspectors approved by DGCA as per daily
inspection/preflight/engine ground run schedule. Also telemetry serviceability was
reported signed by separate person as per DI. Aircraft was certified airworthy for test
flight 49 in the form “daily inspection and clearance for Test flight-Saras atrcraft”™ by
concerned DGCA approved inspectors. Aircraft was also accepted by the pilots in the
form IAFF(T) 700D. However pilots also signed the “daily inspection and
clearance for Test flight™, DI inspection record indicating various approved
personnel/engineers checked the aircraft prior to departure of 49 ™ flight was not
available.

The following aircraft documents were checked.

50 Hrs. inspection Schedule
SARAS PT2 Systems documents.
Taxiing & Development test Flights
25 Hrs. Inspection Schedule

Snags (Deficiency / Deviation) lists
System integration documents,

A e

No significant findings / observations are noticed except reported high control forces.
Further, the following documents were scrutinized:
1. SARAS PT-2 Compendium of mass properties - No major findings observed

2. Pilot Defect Register (PDR) — Flaps struck at 18°, 10°, 2°, 2° and 4° during flight nos.
18,22.24 .25 and 34 respectively. Subsequently, flap was set at 10°. Otherwise no
major snags observed

3. Electrical, Battery capacitance records verified and found both Main & auxiliary
batteries were periodically Capacity tested and recharged and was valid on the day of
accident.

From the aircraft flight test records and post flight pilot reports some of the obse rvations are:

¢ Rudder Force feel inadequate, rudder response sluggish

e During Asymmetric Torque handling, Rudder Force reported heavy

e Poor Aircrafl controllability during approach, flare out & touchdown. Exceedance
of ITT & Ng reported high at high Torque settings at high altitude

In general, there are Controllability issues and high control forces exist.

It is also observed from the post flight pilot reports(PFPR) that no PFPR was submitted
by ASTE for the flight no 38 and 39. Also for flight 40 to 46 PFPR were not submitted
by ASTE as the aircraft was used for {lying demonstration in Aero India 2009 show at
Bangalore. But no DGCA permission was taken by NAL for the purpose.



1.7

1.8

1.9

Meteorological Information

As per the existing procedure the met report is obtained on telephone. Accident took
place at about 1004 UTC under broad day light conditions. The MET report received
on 06.03.2009 at 1000UTC is as follows :

METAR VOBG 061000Z 08008KT 8000 NSC 34/07 Q1012

Weather was {ine and is not a contributory factor to the Accident.

Aids to Navigation

SARAS PT2 aircraft is fited VHF-NAV, ADF, DME, ATC transponder, weather
radar, compasses, altimeters and their appropriate indicators to obtain navigational
information.

Navigation factor is not having any bearing in the accident,

Communications

SARAS PT2 had following communication systems installed:

2 VHF radio systems

1 HF system

Passenger address / briefing system
Audio management system {AMS)
Cockpit voice recorder

2 Radio tuning units (RTU).

The real time performance of the aircraft is communicated to the ground station by a

system known as Telemetry. This is an effective tool for online monitoring of
prototype test {lying wherein test crew could be wamed by the Test Director in case of
any exceedances in flight parameters or a potential hazardous situation leading 10 an

unsafe flight . Some of the Telemetry /data analysis sheet for the previous test flights

(eg., flight test no.40) had been checked and did not reveal any telemetry link
problems. However during the face to face to discussions, the reliability of the
telemetry system has been reported poor in general throughout the sortie and the

auto tracking system was not available on the day of accident. All various
monitoring groups at telemetry station have expressed the same. Moreover telemetry
radio conversation between FTD desk and the aircraft is not a recorded channel.

However CVR conversation reveals telemetry was intermittent. But FTD is in general

in contact with the aircraft till 37 secs prior to the aircraft crash. This also includes

starting of engine relighting procedure.

At about 0955 UTC aircraft reported “OPERATIONS NORMAL” at 20Nm in sector
southwest 2. This was the last contact by aircraft with the radar. HAL radar did not
check the position of the aircraft almost for 10 mins after the last reporting at 0956
UTC. After that radar tried to call the aircraft only at 1006 UTC. Radar also did




1.10

1.11

not contact immediately the Telemetry. Its contact with telemetry was also about
15 minutes after the last contact with aircraft.

However the two way communication between HAL Airport and the aircraft was
satisfactory and is not a contributory factor to the accident.

Aerodrome information

Aircraft had crashed near Bidadi on a radial of 251° /17 NM from HAL, Bangalore
airport (coordinates N12°50°56™ E077°23°46™") and subsequently caught fire resulting
into the fatal injuries to the three flight crew and loss of the aircraft. The aircraft
crashed at a village called Sehsagirihalli (close to wonderland amusement park) near
Bidadi and 37km by road(l km off Mysore road) southwest of HAL airport,
Bangalore. The crash site was a wide open residential plot arca of uncven hard terrain
surrounded by poles and wild plants. It was on a radial of 251° /17 NM from HAL,
Bangalore airport.

Flight Recorders

SARAS aircraft, VT-XRM is installed with M/s Penny & Giles, UK manufactured a
combi version recorder for data and voice recording. It is a combined Solid State
Flight Data Recorder and Cockpit Voice Recorder. This is crash and fire protected and
is installed in the rear i.e. dorsal fin area. Consequent to accident, the recorder was
damaged in post crash fire, the unit was sent to manufacturer’s facil ity at UK for
retrieval of the data. From the UK facility, the data has been obtained separately for
the Voice and Flight data. The details of the extract of the CVR and DFDR recording
are as follows:

Cockpit Voice Recorder:

The voice data has been played, in the Flight Recorder laboratory of DGCA HQ, using
different support equipments. Transcript has been prepared after complete and
combined hearing of all the channels.

CVR data transcript for last 38 minutes along with elapsed time from the crash even t
analysed. In addition, 06 more minutes of data has also been added to the transcript to
give proper continuity for the events.

In the CVR transcript there has been many occasions where the conversation between
crew indicates concern. Such locations have been given in bold letters and have been
land marked under remarks column with alphabets A to Z. Detailed analysis was
carried out at these sites, to evaluate the circumstances in which the crew remained to
make such statements. The findings on these si tes have been given in the subsequent
paragraphs of this report.

Flicht Data Recorder:

FDR data has been obtained in raw format from M/s P&G, UK. The data has been
converted in to engineering units by using NAL, FOQA, a software tool meant
specifically for SARAS aircraft. Though the data length is for last 24 hours, only the
test flight number 49 has been decoded and examined. Subsequently different sets of
graph have been generated with judiciously chosen various combinations of aircraft



and flight parameters. These sets of graphs have been generated for different time
lengths. These time lengths vary from 15 seconds to 30 minutes. Inferences have been
derived from these graphs and it has been given in the subsequent paragraphs.

Svnchronization procedure of CVR and FDR Data and Telemetrv data:

As this being a combi version recorder, it is believed that both the components of data
would have stopped at the same instant during the final and last event of the crash
process. Hence the last coordinate of data appearance in both Voice and Flight Data
has been taken as the crash point and has been designated with time mark of 00:00
(minute: sec). The data has been subsequently allowed to grow in the reverse direction
with negative timing marked in graphs as well as in CVR text. With this, at any time
of required reference, both CVR and FDR can be viewed together for any analysis
work. This is one of the adopted procedures for combi version recorders.

The subject flight being a test flight, it remained on co mplete telemetry monitoring.
The telemetry data has also been compared with FDR data and also been used to
prepare this data analysis report. Particularly there are some essential parameters
like engine oil pressure ITT fuel flow etc. are only available w ith telemetry data. The
Jollowing analysis includes use of data from FDR and data of flight itest
Instrumentation with cockpit conversation.

FDR data presentation:

FDR data for the entire test flight no 49 has been converted into engineering units. Of
the large volume of data, relevant parameters have been chosen and graphs have been
made against time. Graphs in the form of six sets, with each set containing six
parameters. The time duration for these data graph have been kept for the last two and
five minutes. The time axis grows in negative direction with 00:00 designated as crash
point. At any time of required reference CVR and FDR data can be read together as
they have been converted to a common time scale.

FDR data inferences:

GO-AROUND in simulated one engine inoperative was done at 100 feet AGL.
against the test schedule clearance of 300°AGL. Subsequently, with full power on both
engines a normal climb was made up to 9000 feet height.

During left engine shutting down:

Before the left engine shutting down the flying remained steady with speed of 140 kts,
altitude of 9400 feet and heading remaining at 60 ~ 70 deg. The engine oil pressure
remained at 122 psi for both L&R engines. The PLA of left engine was brought to
zero at the time of -04:53. With this the fuel flow reduced to 80 kg/h, Ng reduced to
73%, torque reducing to 3% with no appreciable change in Np. At the time of -04:00,
the prop lever was moved to feathered, as indicated by the Np reducing to 15% from
100%. Torque has increased from 0% t o 30% and Ng now is steady at 73%. There has
been no change in right engine parameters.

At the time of -03:35, the left engine Ng reduced to 60% indicating possible condition
lever moving to ground IDLE. Fuel flow (FF) now reduced to 55 kg/h. all the att jtude
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parameters remains unchanged. At the time of -03:24, the FF indicates to zero
implying that the condition lever has been selected to CUT OFF. This has resulted in
ITT, Engine OIL Pressure, EOP reducing to minimum level. Heading now is scen
steady at 70 degree. To balance the asymmetry, the rudder remained at -12 degree,
elevator and aileron remained respectively at 5 deg and 3 deg. Side slip was seen to 2
deg with bank angle remaining 10 deg to right.

During the period while left engine remained shut down:

From time -03:20 to -01:56 the left engine (LE) remains shut down, Np remained
nearly 5% with prop in feathered stage. ITT remained at 115deg, while the EQP
remained 06 psi. The heading remained constant at 65 deg with a steady rudder of 12
deg and pedal force of 20 Kg. The bank angle varied between -6 to 12 degrees.

Left Engine relight:

At the time of -01:44, Np is scen rising through 55% with EOP having remained low
at 5 psi. A small rise in Ng could be seen to the level of 7%, which is lower than the
minimum 13% required for beginning of relight exercise. FF is seen increasing to 25 -
30 kg/h indicating the condition lever having moved forward from CUT OFF.

Attitude parameters like side slip and bank angle position has started showing
changes. Side slip increases up to 28 deg and bank angle changing from 8 deg R to 70
deg L. also the pitch attitude is seen reaching -42 deg.

The rise in prop rpm could be attributed to prop blade pitch having reached FINE from
feathered statues. However, with EOP having remained at 5 psi, the blade normally
not expected to change the pitch from feathered status. At the time of -01:41, Np is
seen to reaching 91% with no change in EOP, pitch angle, roll and side slip kept
increasing respectively to -42, 70 and 28 deg. Rudder deflection has changed now
from 12 deg R to 4 deg L with pedal force nearly 70 Kg. elevator remained at 8 deg
down and aileron wheel deflection to 40 deg. The aircraft speed has reduced from 150
to 130 kt with altitude steady at 9200 feet.

Right engine power reduction:

At the time of -01:40, PLA of R engine was brought down from 26 deg to 0 deg. This
has resulted in reduction of torque to 2 % and EOP to 32 psi. This attempt could
possibly be explained as an attempt to reduce the thrust asymmetr y and the large side
slip faced. During the time of -01:31, both L. & R PLAs arc seen increasing in steps. In
response to this, R torque is seen to increasing and during the same time the course has
reduced from 70 deg to 0 deg within a time period of 12 se conds.

Between the times of -01:36 to -01:24, the speed is seen to increase from 125 KTS to
181 KTS with altitude reducing from 9200 feet to 7300 feet. Rate of descend for 12
secs is very high can be attributed to diving of aircrafl and speed of aircraft also
increasing. The seen ROD, rate of descend is about 10,000 feet per minute, which is
very high for this class of aircraft. During this phase, the NpL remained at 100 % and
NgL is seen at 12%. Subsequently the aircraft was brought under control with all
attitude parameters tending to change towards the normal levels.
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During the time of -01:18 the speed has reduced to 160 Kts, altitude at 7200 feet, NpL
remained 100%, Ng L at 15 % and the torque L remained 0%. At the time of -00:59
NpL is seen reducing to 80% with Ng L increasing to 22%. Qther battery related
electrical parameters indicate that the relight process has not been fully successful, or
possibly it has been aborted. At the time of -00:28, the aircraft has been observed to be
on left tum. The side slip remained at 22 deg with pitch attitude about -15 deg. The
speed rematned at 130 kt and altitude reducing from 7000 feet to 5200 feet. The R
engine torque that has been reduced close to 0, is showing a sharp rise to 85%. Both
PLAs were seen to be moving together. All the controls forces have been increasing
excessively.

Second relighting attempt:

During time of -00:30, a rise in PLA_ L could be seen with proportional rise in Ng.
The raise in Ng, goes up to 60 % with Np having rem ained at the level of 80%. The FF
increased to 98 kg/h. Further the ITT — L increasing to 635 deg C and EOP_L
increasing to 95 psi together indicates the possible success in relight operation of Left
engine. During the period of last 15 seconds there has been large input of pilot
controls in all 3 axis resulting in large and proportional variations in aircraft attitude in
all axis,

CVR data inferences

Over the 38 minutes of transcript prepared, about 26 different landmarks have been
identified, as containing conversations requiring detailed analysis. Such landmarks
have been marked with letter A to Z. With reference to the transcript material the
following write-ups, details the possible interpretation of the remarks at these
identified sites.

(A) Probably referring to the Elevator trim run out (-15 deg, nose down limit
reached, as expected at speed ~ 160 KTS).

(B) Nocomments
(C) Nocomments

(D)  Descending for OEI simulated approach, Torque L 21%, Torque_R 3%. The
crew needs to have some little power ON 1o live engine.

(E)  Still Descending for OEl simulated approach (telemetry t=1884s, ALT 3900t).
To maintain the speed of 125 KTS, at level flight, the crew discusses about the
need for more power.

(F) CVR Time of - 22:48 (telemetry t=1963.65, 15:10:45)
Rudder 2 deg, Boom_SS -10 deg, AIL_L -13, Ail_R 8 deg, bank 8 deg left
Torq_L increased from 44% to 64%
Under these conditions, large Left aileron input required to maintain about 10
deg bank to left.{running out of rudder and aileron limit}

(G) CVR Time -22:26, telemetry t= 1986s, 15:11:07
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Probably referring to NG_R (E2Ng), which is now close to 102.5% , whilc the
flight test limit is 103% (actual limit is 104% from OEM manual).

(H) CVR Time -21:37, telemetry t=, 2035s, 15:11:56

Here it is symmetric power, controls at normal levels. Discussion seems to
pertain to the requirement in general regarding desirability of procedure to
bring all trims to neutral before landing.

4)] CVR Time -20:50, 46:33:45, telemetry t=2082s, 15:12:43

Erroneous speed indication on the masked side of speed sensors which is in the
wake of Nosc Landing gear door when sideslip is > 5 deg. Pilots are probably
discussing here the sideslip effect on IAS on two different EFIS.

“Saturation of what?” - Is not understood -. Air show flights being spoken
may be referring to NAOA behavior, which used to go to 100% (spurious
indication). However, at this instant, in the current flight, NAOA 1s 30% -40%
and no saturation is observed on this.

) CVR time -15.47, 46:38:48, telemetry t =2384.6 5, 15:17:46
Seems to be general talk, specific reasons/parameters could not be identified.
(K) CVR Time -15:03

Scems to have descended but not registered in their mind. While
communicating to ATC, altitude reported is 9000" in place of 7200 feet.
Hence, this reference was to just from Pl to P2.

(L)Y CVRTime-13:12,46:41:23
Telemetry t= 2539.6 s, 15:20:21

Torq L zero, Torq_R 89%, Rud -8 deg (right rudder), Rud tm full +13, side
slip 12 deg, wheel 15 deg. The crew may be mea ning the insufficient force
here. At this instant the rudder force is 15 kg.

(M) CVR Time -12:56, 46:41:39
Telemetry t= 2555 s, 15:20:37

Rudder is -12 deg (to the right), though Rudder Trim has continued to be full.
This comment may be in reference to Rudder trim rather than rudder surface.
Pedal force ~ 25 kg

(N) CVRtime -12:36, Relative Time 46:41:59
Telemetry 1 =2560 s, IST 15:20:39

Sideslip 3-5 deg, speed is 130 Kts. As Torq_L is ~zero, this propeller would be
creating negative thrust (disking), so aircraft would appear to encountering
more drag, even in clean configuration. Hence, the comment on inability to
maintain speed is understandable. Aircraft was descending
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©)

(P)

Q

(R)

(3)

(T

(U)

Comment is in continuation of that at (N). Reasons at (N) apply here also.
Aircraft continued descending and level flight could not be maintained.

CVR Time -11:54, 46:42:41

Comment is in continuation of that at (N). Reasons at (N) apply here also.
Subsequently Torq L increased moderately to remove asymmetric.

CVR Time -10:56, 46:43:39
Telemetry t =2675.6 s, IST 15:22:37

Symmetric engine power here. Comment does not seem to relate to parameters
at this time. Probably, related to fuel imbalance condition that could have
existed.

CVR Time -9:56, 46:44:39

Left Torque is higher (60%) than Torque R, So understandably the ITT_L
would be more (750) than ITT_R (710).

He speaks later to explain his doubt expressed at (R). Later, may be it has been
realized by crew that, with the left torque remaining higher than right torque, a
difference need to existin ITT also.

CVR Time -07:14, 46:47:21
Telemetry t =2897.6 s, IST 15:26:19

Torq_L zero, Torg_R 92%, height 9000 feet, bank angle 0 deg, sideslip 6to 7
deg. ‘Zyada’ seems to refer to more drag on the aircraft. With undercarriage
down we will die with this drag.

Probable, reasons could be :

left engine torque is zero (more disking),

sideslip is ~ 6 deg

which also would add to increase in the windmilling drag.

CVR Time -07:02, 46:47:33

Expresses that landing at 10,000 feet airfield elevation, would be difficult with
single engine operation ,with the performance seen by the crew in this flight.

CVR Time -05:50, 46:48:45
Telemetry = 3041.6 5, IST 15:28:43
Torq_L 3.5%, Torg_R 92%, sideslip,6 degrees, bank 15 degrees to left

Bank angle is normally used to relieve the rudder requirement from pilot. Here
he has been applying pedal force for quite some time. This bank angle would
lead to some extra torque requirement to maintain speed/altitude. Additio nally,
sideslip also not being at zero (~ 6 deg), could increase the drag. So overall,
more torque would be neceded in this configuration.
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V)

(W)

(X)

(Y-

CVR Time -05:33, 46:49:02

This is about high Ng at RH engine at high altitudes, which is a known
phenomenon. It was explained probably by the ground here, that this problem
would not occur at lower altitudes._When ground opined “low altitude it is
better”, P1 expressed the dying situation at low altitude.

At -05:1, 7 FE expressed desire to go back (and not carry out subsequent
tests). P2 telling not to go back, we will shut down and later shown to PM, -
project manager. Co-pilot also hilariously telling commander “road is
there for emergency” and advised FTE for the placing readiness of
parachute for emergency, without assessing the risk of the situation, which
was also expressed by the commander.

CVR Time -01:47, DFDR: 46:52:48

NP_L 38%, ht,9178 feet ,

FE is asking the pilots in suspicion about the actions taken till now. At this
instant Rudder, ele vator, sideslip are all steady at the values which were
maintained till now. There is no change in HDG, also. Immediately within a
sccond heading started changing rapidly and loosing the height

CVR Time -01:18

Battery discharging voice warning is heard for the first time after left engine
shut down, indicating that the battery is in use now and probably starter -motor
has been engaged. This is the first instant when NG_L has crossed 13%, after
the shut down. Speed now is 120 Kts. At this time telemet ry link also lost

Battery discharging sound was heard for 13 sec. Then it has stopped. At
the instant of Battery discharge sound stopping, NG_L was constant at
25%. For further 5 scconds, NG_L remained at 25% and subscquently
started reducing. Fuel flow remained on for 36 sec (could possibly lead to
wet start and high ITT).

During this time NP_L was 100% and reduced to 85%. This is an un -
natural condition for a engine to start, in the presence of high NP_L. The
presence of light-up can’t be determined as ITT information is not
available for some small length of time.

One more and possible reason for unsuccessful re light could be improper
fuel-air mixture.( seen from fuel flow rate)

CVR time -00:55,

Tor-R-0%, wheel- full, [AS-132 Kts, h-6620 fect, Bank-2 degrees,.
Pitch- -12 degrees ,. Rudder-9 degrees right.

Concern is developing between the crew about, the intentional reduction
of power by P1 on the live engine.
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(Z)

(e)

CVR time —00:22, Height : 5000 feet.

P2 instructing P'1 to do the action which ever it is, which has brought the
aircraft to some stable attitude when it was done earlier).

Again anguish is expressed by P2 to Plon the action of cutting off of the
live engine. Stressing to keep the live engine in LIVE condition only.

In addition to the above mentioned, and identified land mark remarks, the
most important is last 3 minutes 20 secs and the correlation of CVR with

DFDR and available telemetry data is analyzed below.

CVR Time: -03:22

Securing left engine off after shut down procedure.

CVR time: -03:03 to -01: 50

Preparing for relight procedure

CVR time: -1:47

FE is asking the pilots in suspicion about the actions taken till now. At this
instant Rudder, elevator, sideslip are all steady at the values which were

maintained till now. There is no change in HDG, also. Immediately within a
second heading started changing rapidly and loosing the height

CVR Time : -01:41

Np -L- 90%, Ng- L- 10 %, Side slip- 28 degrees, Rudder moved from

-12 to +4 degrees. Heading 44 degrees, Rudder force — 65 Kg,. Roll -23
degrees and further building, reaching 32 degrees within 2 sec, Pitch -24
degrees, nose down and increases to 40 degrees, Bank going up to 70
degrees. Both pitch rate and roll rate remained at high level.

It is hypothesized here that the flare up of NP_L was possibly due to
blade pitch angle reducing below Primary blade angle(PBA).

With disc effect in full force in left propeller, the up wash wind force raising
out of the disc, could have caused HT and aileron of the left side, to, induce,
an upward force and consequent nose down attitude. As the right side not
having similar upward force, a case of asymmetric tail vertical load could
have caused the seen roll also.

CVR Time -01:41 to -01:31

speed increased from 140 to 158
Atrerafl loosing height from 9200’to 8200".
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Ng_L: 10%, Np_L reaching 99%, Engine oil pressure down to 4.6, fucl flow
increased to 38 but still torque is zero on left side, ITT : 102

at the same time on right side: Ng down to 73 from 101, Np maintaining
101, oil pressure 119, fuel flow gone down 1o 72 from 261, torque to zero .
this indicates right side engine was brought down

() CVR time-—01:27,

Altitude: 7311 {t, Bank angle recovers to 8 degrees, pitch recovers to -
9 degrecs, side slip recovers to + 2 degrees .

These conditions imply that the aireraft is momentarily returning to normal
attitude. (pilots laughing)

The possible reasons behind this seen recovery could be:

. Reduced disc effect due to side slip reduced airflow, over the disc.
2. Pilot added control inputs to correct body attitude.
But altitude loss continued.

From time -1:41 to -1: 22 aircraft lost height from 9223 ° 107266° i.e. almost 2000" in
20secs.

At -1:22, CVR reveadled the hurried voice of FE telling the pilots to start the engine
quickly.

From -1:09 to 0:57 telemetry link was not there.
(2) CVR Time—01:02,

Speed losing to 116 KTS, Altitude to 7280 feet, pitch —9 degrees, bank 0 degree, Live
engine Torque was coming up to 16% which was reduced to zero earlier.

Large drop in speed seen, and hence is the comment. P2 is demanding from P1
the same action (which ever recovered the aircraft from bad attitude felt few seconds
before ).

(h) CVR Time - 00: 55,
PLA-right brought down from 16 to Zero again. Right Torque -0%,right fuel
flow reduced to 70, Speed 132 KTS, Bank 2 degrees, pitch — 12 degrees, Rudder - 9
degrees, ht-- 6620 feet , engine oil pressure-left increased to 56 and subsequently
started reducing to 38, ITT still 68 deg, Fuel flow remained 36, torq ue zero., Ng raised
to 22 and started dropping to 15,Np to 83.

This indicates the Left engine relighting not successful and height continuously
dropping. Right engine also brought to idle.

P2 Expressing anguish on reducing power of the live engi ne by P1.
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(1) CVR Time-- -00:44, altitude 6150°

Side slip is 20 degrees to right. Idle Kar do—could be referring to power, possibly
referring to right engine. With disc effect prevailing on the left side, the power on the
right engine, is the one, causing the noted side slip. (as possibly understood by the
crew ).

Immediate follow up words of —Ruk, jao.-, indicates, rapidly changing mind set of
Pilots while coping up with rapidly changing attitude of the aircraft, as well as the f ast
fall in forward speed. Increase of right engine parameters noted.

On left side engine: oil pressure to 26, fuel flow remained 36, Ng 13, Np 85, ITT still
68, almost no torque.

(j) CVR Time —00:33,

Speed reduced to 112 KTS, Height reduced to 5400 feet, EI Ng-10 %, E2 N g-86 %,

The calculated rate of descent is as high as 12000 feet per min, with fast descend
taking place, the crew believes here that they have to have left engine live to cop up
the emergency.

P2 and PI raising alarm voice of drastic reduction of speed. P2 asking P1 to relight
immediately.

{k) CVR Time—00:27,

Height 5000 feet,

excess rate of descend .panics the crew with sayings seen here. The battery
discharging warning indicates the action of Second relight attempt on left engine.

{I) CVR Time-- -00:26,

(m)

Height- 4800 feet . Side slip to 20 degrees, pitch at —15 degrees, Right engine torque
reduced to zero and rapidly and immediately increasedto 85 %.

Left engine relight process is on. Np L-77%, Ng —-L- 16 %. Rudder pedal force
increases as high as 90 kg. Aileron forces too ,seen to raise to 40 kg.

No telemetry link between -0:25 10-0:08

from -0:22 to -0:15

P2 instructing P1 to do the action, which ever it is , which has brought the
aircraft to some stable attitude when it was done earlicr.

Again anguish is expressed by P2 to Plon the action of cutting off of the live
engine. Stressing to keep the live engine in LIVE conditi on only.

17



(n) CVR Time - -00: 14,

Ng L increasing to 23 %, Np L 80%-, ITT increased to 96
indication of left engine responding to relight action. Ng R- 102 %.

During 1™ un-successful attempt, NP_L reduced from 100% to 83-85% (An increase
in EngOilP_L was noticed from telemetry data which showed that EngQilP_L reached
the required minimum of 60 psi.) But in this attempt, NG_L rise was not sustained, so
EngOilP_L probably started reducing, thereby preventing further mod ulation of blade
pitch angle. It could be conjectured that blade pitch is still below PBA.

During 2™ re-light attempt, EngOilP_L incrcased beyond 60psi as NG_L was
sustained and so probably, now prop blade pitch angle might have come to PBA and
matching NP_L for ground idle setting. During this, as expected, NP_L reduced from
82% to 61%.

{o) CVR time: last 10 secs

P1 calling aireraft departed repcatedly indicating aircraft fully gone out
control. The word used by the pilots “ F (unre adable).” repeatedly at last
moment indicating, “No control on aircraft and their life is ending”™

(p) CVR Time-- - 5 Secs to 1 sec prior to crash

1.12

1 sec prior to crash:

Rapid loss of height from 4300° to 3040°, speed started increas ing from 60 to 120,
Ng_L increased to 54,Np to 56, oil pressure to 79, ITT increased to 647, fuel flow to
95,but torque started to come out of zero,

indicating Left engine successfully relighted.

Whereas on right side:

Ng R- 81%,Np: 86,0i!l pressure 118, ITT 773, fuel flow 78(came down from

336 which was increased in the S secs prior to crash), torque came down to

11 from 81, PLA from 31 to almost zero. Indicating last moment try by the crew on
right engine

At the last second of their life P2 calling “ F......... JF......” indicating he is seeing last
spell of the life. At the same time Battery discharge Warning coming in the
background also stopped, indicating engine relighted successfully. But the aircraft
almost on ground, P1 calling * Going 1o ground”

Wreckage and Impact information

Aircraft crashed at a village called Sehsagirihalli which is close to wonderland
amusement park near Bidadi (about 1 Km off Mysore road) and about 37km by road
southwest from HAL airport, Bangalore. It was on a radial of 251° /17 NM from
HAL, Bangalore airport having coordinates LAT : N12° 50°56” , LONG: E077°
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23°46™). Aircraft nose was facing east direction. The salient observations recorded
during in-situ inspection of the accident/wreckage site are as follows:

1. The aircraft got destroyed due impact and post impact fire.

2. Crash site was wide open residential plot layout area and was a hard terrain with
varying slopes surrounded by poles and wild tress/bushes.

3. All three crew were found burnt and dead on their seats. They were found bent
forward with head down and not touching their laps.

4. At the time of site inspection, the fuselage was found broken from rear of the main
plane and was in the inverted position. The vertical fin leading edge facing the ground
and the respective tail mounted engines by the side of it.

5. The extreme tail portion was un-burnt and there was no smoke shoot mark on the
vertical and the horizontal tail plane. This indicates no pre impact fire.

6. Entire wreckage was found confined to an area covering radius of 20 meter from
the main wreckage. All extreme ends of the aircraft were within the main wreckage
with fire damage. This indicates there is no fire or structural failure prior to
impact on ground.

7. Test boomn attached on the nose was broken and lying forward away from the
main wreckage and un-bumt. Parts of nose radome structures were found lying away
from wreckage on its forward right side about 40 -45 deg. This indicates aircraft did
not crash on its nose.

8. Wreckage inspection ground marks also reveals that there was no forward
moment of the aircraft after main plane impacted on the hard ground.

9. The intensity of the fire was observed diminishing from root to tip on both the
wings. Whereas the effect of fire on the extreme nose and tail was observed to
be minimum.

10. A portion of port wing {measuring approx. 3feet long from the tip) semi bumnt

found lying adjacent to the cockpit portion at an angle {5 -10°) to the longitudinal axis
of the aircraft. Rest of the wing at the same angle as mentioned above but fully burnt

leaving only the trail of its presence.

11. The Starboard wing found in two pieces sheared off from fuselage semi bumt
condition. The root portion is approx. 6 {t and the tip portion approx. 3 fi. The trailing
edge of the tip portion is found facing forward (East).

12. The nose section ahead the instrument panel {ocation found in multiple pieces but
with out much bum damage. The avionic equipments like VOR, ADC etc libe rated
from its location but with severe impact damage. However one of the ADC found with
no evidence of any damage. The entire section from cockpit to empennage was
completely burnt into ash and lot of molten materials were lying on the ground.
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13. Control column found in place with operating cables attached to it. However they
were found burnt without deformation in shape. The entire control cable run with
respect to aileron, rudder, elevator are found attached cither to its control surface
brackets or to the operating belcranks / fittings. The cable run (bumt) found running
from cockpit to 1ail almost straight along the axis of longitudinal direction and no
discontinuity was observed

14. Engine controls found attached to the control quadrant in cockpit and the operating
mechanism. However, few of the operating Ievers at operating end found sheared off.

15. Pilot / co-Pilot and flight test engineer’s seats were found fully bumt and
deformed. Seats structure could not be traced except one of the arm rest.

16. All the three undercarriage were in retracted position and found bumnt but retained
its solidity. One of the nose tyres was found half bumnt and another tyre was having
only burnt steel braiding wires.

17. One of the crew parachutes was found deployed and found un -bumt lying away
from the wreckage. Rest two parachutes were found bumt one of which was 2 meter
away from the wreckage and the another one is within the wreckage in cockpit rear
scction.

18. Five propeller blades were found liberated from their attachments and found lying
at different places away to the left of the main wreckage(viewing from rear)

19. Main door and Port Emergency door Handle was found in Open position and Stbd.
emergency door handle was in closed position, affected by fire. Main door was
slightly damaged due impact. All the three doors were lying away from the main
wreckage and hence not affected with the fire except slight burm marks to port
emergency door. Stbd emergency door was not having any impact/fire damage.

20. LH engine (on RH side of the fin in site) found in two pieces. PWR section and
Gas gencrator / RGB separated from each other. The RGB is found to have two of its
blade attached to it Rest of the blades (Qty.3) found located north side of the
wreckage. All the blades are found defo rmed.

21. RH engine (on LH side of the fin in site) found in three pieces. PWR section and
Gas generator section separated from each other. The blade attachment hub with three
blades attached to it found lying approx. 12 m aft of the fin on west side. Rest of the
blades (Qty.2) found located north side of the wreckage. All the blades are found
deformed

22. The digital CVFDR was located inside the wreckage in the tail portion from its
mounted location covered with burnt / half melted frames. The CVFDR container w as
found bumt externally and no trace of its connectors. The ULB found installed with
CVFDR also burnt externally.

23. Solid State Recorder(SSR) which forms part of the Flight Test Instrumentation
system was located near cockpit was fully burnt as it was not fireproof.

24. The ELT could not be recovered however six ELT cells were recovered in burnt
condition.
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1.13

1.14

1.15

The wreckage was reconstructed and All parts were mostly identified . But the ELT
could not be traced. Most probably it could have bumt in fire as its housing was not
fireproof. The ELT was not fitted on load beaning members/frames and is fitted
separately on platform.

Medical and Pathological information

Test flight No:49 of Samas PT-2 aircrafi VT-XRM was commanded by
WgCdr,229175,F(P), who is also chief test pilot. Wg Cdr, 23165H,F(P),test pilot was
co-pilot. Sqn Ldr, 24746N,FTE AE(M), was flight test engineer on board. There was
no other persons on the test flight. All three were charred to death on their seats in the
post impact fire after the accident.

Immediately after the accident all three bodies of the deceased were shified to the
CHAF hospital, Bangalore. The bodies were duly identified by Wg Cdr A.C.Mathews
(22893T) Admn of ASTE,IAF, Bangalore and were medically declared dead at 1730
hrs IST on 6.3.2009. Later the bodies were subjected to Postmortem medical
examination. The post mortem report of the all three deceased crew concluded that
the crew were dead due to multiple soft tissue and bony injuries in an atrcraft crash at
ground impact,

Fire

The evidences at accident site proved that there was post impact fire. The intensity of
the fire was very high and complete aircraft structure was found bumt. The aircraft
was destroyed due to post impact fire. There was no evidenc e of pre-impact fire.

Survival Aspects

The accident proved non survival and all the three occupants of the aircraft were
succumbed to their poly-traumatic injuries in the crash.

After the radar contact was lost around 1005 UTC, radar controller trie d to contact
him directly and also through PW461(Chennai - Coimbatore) and further on 122,7 and
243 Mhz also. Meanwhile tower received a call from Saras telemetry to check if
Saras is in RT contact, Since aircraft was not in RT contact as well with radar, Tower
was advised to activate SAR through ASTE. ALH A -67 was requested for SAR and it
departed at 1014 UTC.followed by T45(Chetak) from ASTE at 1020 UTC. Afier
some time T55(Chetak )also departed at 1058 UTC from ASTE. Based on the
telemetry last observation A67 after extensive search located the crash site to be
B251/17NM from HAL. Earlier HAL tried through police control room also te find
out the exact location of the crash site and police force informed that they had just
information of an aircraft accident near “wonderland amusement park™ in a village
“Seshagirihalli” near Bidadi. Later police Sub-inspector —Bidadi informed the
landmark details of the site which were conveyed to the A67 and T45 to locate the
crash site of the Saras atrcraft. At about 1100 UTC A67 confirmed the crash of the
Saras aircraft in Seshaginhalli village.
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1.16 Tests and Research

1.16.1 Failure analysis of main door and emergency doors

After the accident, National Aerospace Laboratories was asked 1o provide a repor t on
the possible failure of the main door and the emergency doors which were found near
the main wreckage of the aircraft. Following this, a committee was constituted by
Head, C-CADD comprising various experts members to look in to as to how the
doors came off the fuselage structure and whether or not there was any failurc of
locking pins/mechanisms.

The committee examined the doors and the corresponding structures of the fuselage
and other evidences. The findings of the committee are summarized as fol lows.

(a) The main door was in “CLOSE” position during the impact of the aircraft on to the
ground. The movement of the handle and the pins to “OPEN” position was caused
during the impact by the force created due to breaking of the linkages concurrently
with the bending/buckling of the door.

(b) The emergency door (LH) was in “CLOSE” position during the impact of the aircraft
on to the ground. The reason(s) for movement of the handlec and the locking
latches/pins to “OPEN” position appears to be the same as that m eationed in the case
of the main door.

(¢) The emergency door (RH) was in “CLOSE” position during the impact of the aircrafi
on to the ground. During impact, the locking latches/pins have come out by damaging
the fuselage structure. However, in this case, the handle remained in the “CLOSE”
position since there was no bending on the linkages or in the door frames as a whole.

(d) the integrity of the locking mechanisms of the main and the emergency doors were
intact at the time of impact of the aircraft on to the ground.

1.17 Organizational and Management information

The ill-fated aircraft was designed and developed and operated for experimental test

flight by National Aerospace Laboratorics (NAL), Bangalore. National Aecrospace

Laboratories (NAL), Bangalore is an approved Design Organisation by DGCA, India
under CAR-21, subpart JA and its approval is valid till 31.12.2009 vide DGCA

certification 5-25/97-RD dated 16™ march 2009. It was valid on the day of accident.

The design organisation approval provides the scope to NAL to design and develop
light transport aircrafl “SARAS” and also NAL to classify changes to type design and

repairs as major or minor as per the procedures agreed with DGCA. NAL also to

evaluate and propose the conditions under which a “permit to fly” operation can be
carried out in accordance with procedures agreed with DGCA. DGCA also approved

list of designers of NAL as authorized signatories ie., Showing Compliance Engineers

and Compliance certification Engineers(SCEs and CVEs) for SARAS project, on
13.8.2008, apart from the approval of head of design organisation and other managers

as per design organisation manual(DOM). DOM was approved by DGCA onlyon 1 *
Dec 2008 under CAR 21, subpart JA, issue-1I, revision 0.

There was an MoU between NAL and 1AF on 14" may 2003 for implementing Saras
project. MoU provides the role and responsibilities of NAL and IAF and they also
agreed to establish appropriate project management and monitoring structure. As a
part of agreement NAL and IAF set up the Management Committee(MC) which will
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be the apex body, responsible for flight testing of SARAS prototype aircraft upto the
completion of the certification . This MC will deliberate and decide on all major issues
relating to flight test planning, sequencing and supervision of the actual flight tests,
flight safety aspects, expansion flight envelope and interaction with the certification
agencies.

A joint ASTE(IAF)/NAL Directive has been made effective with effect from 28 t May
2004, which clearly lays down the role, duties and responsibilities of key personnel
involved in the Saras flight test programme for efficient and safe conduct of
developmental flight tests on Saras prototypes.

However from the records made available to the investigation group reveal ed some
of the salient observations:

1) Management committee did not play its role as envisaged in the MoU. After
Aug 2006 there was no periodical review by MC. Only the joint meeting
between NAL and ASTE,IAF was heldon 28®  Aug 2008. After this meeting
there were 27 test flights (including ACCIDENT FLIGHT)done. There was
nothing reviewed. Similarly In 2009 also there was no review of the project
by MC or NAL.,

2) Similarly there is no evidence made available to show that Local Mod
committee is established and functioning properly for its purpose said in the
joint directive ,

3) Continuous evaluation of procedures/design modification for safe conduct of
test flight is not at satisfactory level.

q) Co-ordination with OEMs of engine and MT propellers is not the re after
vetting the relight procedure by ASTE for their comments and guidance.

5) There is no proper interaction between NAL and MT propeller regarding the
formulation of the relight procedures.

6) There is no contingency plan in detail available in case of mi ssing
aircraft/exigencies/loss of communication and accidents etc.

7 No chase aircraft and film shooting facilities were made available to monitor
all critical \test flights especially the test flight involving relight procedure.

8) Failure of regular monitoring and improvement on telemetry monitoring
systems and their documentation procedures.

9) Failure of monitoring of CVR and FDR in co-ordination with solid state
recorder(SSR) and telemetry data for evaluation of better cockpit procedures
and design modification

10)  Non-inclusion of critical engine parameters like 1TT, engine oil pressure etc.,
essential for monitoring test procedures, in the vacant slots of FDR

11)  Aircraft was used for flying demonstration in Aero India 2009 show at
Bangalore. But no DGCA permission was taken by NAL for the purpose.

12)  There is no effective and continuous monitoring of test programme by MC
and no records of monitoring available,

NAL also subcontracted a private agency named Aircraft Design and Engineering
Services Pvt Ltd (ADES), Bangalore for supporting Saras project. Aircraft Design
and Engineering services pvt Ltd (ADES), Bangalore was approved as a design
organisation under CAR21, subpart JB and it is valid till 31.12,2009. The scope of it
includes design and engineering support to NAL in Civil Aircraft projects 14 seater
Saras aircraft to the parts and appliances complying FAR 25 standard. NAL entered
into an agreement with this private contractor company -ADES on 1.5.2008. The
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1.18

1.18.1

following peculiarity was observed while scrutinizing the agreement and its
attachments:

Even though agreement was made on 1.5.2008 it was made effective from 1 April
2008.

Contractor will engage experienced aircraft designers, enginecrs and other technical
staff required for task as required during different phase of the project. The work
schedule of the project also indicates almost complete work of the design and
development of SARAS project is being done by the contractor.

This is not in line with DGCA approval given to the contractor that of only giv ing
design and engineering support to the parts and appliances.

Since this is the national project, utmost vigil and care shall be taken by CSIR, India

while implementing project and also the concept of employing the private contractor

involving in each and every stage of the design and development of Saras project
requires to be discontinued immediately and only the support for the parts and

appliances shall be obtained from them.

As per agreement Even though NAL shall retain the absolute right on any pa tent that
may be taken from the result of the work, Confidentiality clause of the agreement did

not point out the penalty/ punishment action on the contractor under law in case of the

pilferage or theft of any technical information such as design, drawings , wind tunnel
testing, flight tests results or any software etc.,

Apart from the above NAL also subcontracted several agencies for getting support
facilities and parts for the Saras project.

Additional Information

Selection of test pilots:

It is learnt that ASTE,IAF is the only establishment in India and one of its kind in the
world to undertake test {lying both for upgrades of existing aircraft and for prototype
aircraft. Presently the only prototype testing being undertaken is for LCA by NFTC,
T by HAL Flight test centre and Saras by ASTE. All the test pilots and FTE are
Alumni of ASTE test pilot school. The test pilots and test engincers are trained to
undertake test flying on fighters and transport aircraft. The pilots and FTEs have
experience in test flying of other turboprop previously like Domiers, Avros and AN -
32 of IAF. The aptitude for test flying is evaluated by IAF test pilot school. As there
have no remarks against the pilots of accident flight NAL accepted the pilots
nominated by the Commandant ASTE, IAF as per the “Memorandum of
Understanding for SARAS Programme, dated 14.05.2003 .The deceased Test pilots
and FTE were given training on various systems of SARAS aircraft by respective
designer and Test Director at NAL. On co mpletion of the training, a request was made
to DGCA by NAL for approval of test pilots and Chief of Trial Team. Similarly
acceptance of FTE was obtained from the DGCA. Previous experience of test
pilots/FTE are examined as per advisory circular 0172001 is sued by DGCA(AED).

Apart from the above, NAL has neither used its own expertise nor outsourced the
expertise from other aviation industries to test the Saras test pilots/flight test engineer
for their suitability in the civilian test flight wherein exp erimental aircraft under
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development is used . Moreover, as per MOU of SARAS program it is understood

that SARAS is the first civil turboprop prototype test flying undertaken by ASTE,IAF

for which assessment of crew for human factor is important . Human factor/CRM of
the flight crew were not assessed by NAL for the civilian cockpit and flight operation

environment as the test pilots are basically from the Air force environment. Similarly

test pilots/test engineer also did not undergo any human factors training before
operating the test flights on VT-XRM. No documents were provided to the
investigation team on the subject matter.

Preflight and post flight requirements:

NAL reported that the following arrangement are available for the purpose of Briefing
/ debriefing:

For each test flight, the team consisting of Flight crew, Flight Test Engineer (FTE),
Design group, Flight planning group along with Flight Test Director will discuss the
programme and conditions. FTE will convert this programme and conditio ns to test
card and test schedule, The test card is approved by Test crew and FTE. During pre -
flight briefing any change in test schedule or test points are discussed and
incorporated. Also contingency action for specific emergency/precautionary
procedures are discussed during pre-flight briefing, attended by Officer in Command -
Proto type test squadron (OC/PTS), Flight Test Director (FTD), Test crew, FTE, Chief
of Design, APD/FTG, Telemetry monitoring team, Flight operations in -charge, aircraft
maintenance in-charge and crash/chase vehicle coordinator. Flight test schedule is
signed by Test crew, FTE and Chief of Design. The program and condition for each
flight is transmitted to DGCA R&D prior to pre -flight briefing and conduct of test
flight. Block of 10 or 20 test flights are normally approved by DGCA -ADE based on
test plan submitted by NAL. Individual test flight “Condition and Programme * is
submitted just a day prior to actual test flight no 49.

After completion of flight, a hot-debrief is given by the flight crew at the telemetry of
ASTE and the same is attended by those who were present in the flight briefing. Once
the data has been analyzed by the NAL Flight Test team, a detailed data debrief is
conducted at ASTE/NAL where all the observations are discussed and the results of
test points are accepted or repetition of some of the test points are discussed. Prior to
conducting the next test flight aircraft readiness is authorized by individual monitoring
and analysis team for the following disciplines: Aerodynamics, Engine/power-plant,
Systems, Electnical/Avionics, Telemetry and Maintenance / Operation and FTD.

As a defined procedure, pre-flight briefing is always carried out by the Flight Test
Engineer who is part of the flight crew. For the ac cident flight ,the same was done on
6th March 2009 aftemoon. The briefing covered aircraft SOP for this flight, work
done on the aircraft prior to this flight, configuration limits, test points & test
sequence according to the issued test programme and safety considerations. Details
are as per {light test schedule dated 6.3. 2009. Flight crew, including the pilots and the
flight test engineers, were present. From NAL side the following were present: flight
test director, APD (flight testing), PD (Saras atrcraft project), members of real -time
monitoring team, inspectors from various trades, ground crew, design representatives
from relevant disciplines. At the end of the briefing, the pilots were specifically told
by the Flight Test Director that in case of any problem during the relight attempt, the
engine should be switched off, propeller feathered and single engine landing executed.

25




1.183

No effort should be made to try the relight a seccond time. These detailed discussions
were nowhere documented/minuted.

It has also been reported that the preflight briefing meeting were done before the
accident flight. Scrutiny of documents/records revealed that preflight and post flight
debriefing of the test flight /to the test pilots were not effectively documented at each
and every flight. Moreover the available documents did not include contingencies
plan/procedures for unexpected exigencics/missing/loss of communication/ accidents
etc.,

Similarly there is no documents made available to indicate the existence of ef fective
prefight and post flight medical requirements and its compliance for the test crew.

Also there is no proper system exist to monitor the fatigue level of the test pilots prior

to the test flight.

It has been reported by NAL that at any stage of d iscussion including critical flight
test like “engine shut down and relight” no DGCA official took part. Only the
documents are transmitted to DGCA for approval/acceptance/acknowledgement. As
the Saras project is national project and involving country’s dignity It is felt necessary
that either local DGCA Officers or DGCA HQ officer should have participated for
effective guidance and timely implementation of each phase of the project. DGCA
being the approving authority of the NAL, design organisation and the Saras
experimental aircrafi as well production aircraft and Since huge public money is
involved in the project, DGCA'’s serious involvement is a must for eflective control
on the project.

Effective oversight functioning of DGCA,R&D(AED)

When the prototype is completed, NAL submits test plan for block of 10/20/25 flights
along with aircraft definition document/SOP. After scrutiny by DGCA(R&D) Head
Quarters / Bangalore office will grant permission for conducting test flights. On
completion of approved block of test flights, a summary of the test report together
with test plan for next block of flights is submitted to DGCA and clearance obtained
for continuing the test flights. Further the test program and conditions are prepared for
each individual flight in consultation with test crew and submitted to DGCA local
office a day prior to execution of flight. During the scrutiny of various programs and
records of Saras project it is revealed that there is no continuous monitoring and
effective control over the project by DGCA(R&D). Saras being the national project
by NAL, a Govt. of India organisation, and approved by DGCA under aircraft rules,
much more participation and effective control by DGCA on the project is essential
and important.

Some of the serious lapses noted are:

1. NAL without DGCA’s permission took part in Aero India show - 2009 from
11.2.2009 to 15.2.2009 covering test flight no: 40 to 46 using Saras PT2 VT -
XRM at Bangalore and demonstrated the flight to public upto low alti tude of
300°AGL over Yelahanka airfield.(actual test area: Bangalore LFA), for which no
test report were submitted by the test pilots. Participation in the AERO India show
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-2009 was planned in the month of Aug 2008 itself. NAL reported that the
information of their participation was however, submitted on 9.2.2009 to DGCA.
But there is no documentary evidence provided during the investigation for the
approval from DGCA. No action was taken by DGCA(R&D) also to restrict their
participation. Saras PT- 2 being the experimental prototype aircraft under test and
C of A is not yet given to the aircrafl, participation in the public demonstrative
flight show and that too at low level of 300" AGL is dangerous to the life of the
public and their properties. It is also not understood that how the Show
Owners/Conveners accepted the uncertified aircraft for flying demonstration in the
public show,

2. While giving flight clearance including engine shut down and relight flight tests
there is no restriction made on minimum altitude by DGCA.

3. Uncertified propeller is tested on locally fabricated engine test rig, which does not
have DGCA approval. No inspection by the DGCA on these facilities for approval
even though papers were submitted to them.

4. There is no periodic monitoring of CVR and FDR by NAL

5. No contingency plan for communication failure, accident, missing aircraft etc.

6. Non-participation and strong guidance in critical flight tests procedure like engine
shut down and relight test programme.

Periodical monitoring of review of CVR and DFDR:

From the records made available to the investigation team it is clear that CVR and
DFDR data was not monitored for each and every flight of Saras PT2 aircrafi. There
shall be a dedicated experts to do these continuous monitoring for improving the
cockpit procedures and discipline  apart from evaluating the design modification
requiremnents using DFDR data in collaboration with telemetry data and SSR data.

According to FAR Part 121, paragraph 121.344, no person may operate a turbine
powered transport category airplane unless it is equipped with one or more approved
flight recorders that use a digital method of recording and storing data and a method of
readily retrieving that data from the storage medium. The ope rational parameters
being recorded on the SARAS aircraft by the digital flight recorder as per Vol 10, DR -
36 noted above. All parameters mentioned are being recorded with the ranges,
accuracy and resolutions as specified in Appendix M of FAR 121.344. This is also in
accordance with the latest NTSB recommendations .(also AS per note 3 of flight
recorder —- CAR Sec2serl,PartV)

However it is understood that DFDR does not have engine parameters like engine
oil pressure, ITT and fuel flow etc to monitor the se in relicht procedures and the
engine performance. It is also revealed that the SSCVFDR installed in SARAS
aircraft has a capacity to record at the rate of 128 words / second. That means 128
parameters of 12 bit resolution can be recorded in one second. At present 100 slots of
12-bit are full and 28 slots of 12-bits are vacant. It means that SSCVFDR still has
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room for accommodating another 28 parameters of 12 -bit each. The above
mentioned critical engine parameters like ITT, Oil pressure, fuel flow etc arc hence
to be included in the FDR.

It is therefore felt that NAL should have prudently included the above
mentioned parameters as the slots are still vacant. There is a need to re -look at
the parameters being recorded in FDR by a expert team in the field to include
additional 28 parameters (could be engine or airframe parameters) .

Similarly it has been reported by the investigation team that the elevator position
reading throughout the test flight was noisy probably due to intermittent s ignal loss in
the data. Hence Elevator position indication needs to be rectified .

DGCA(AED) office at Bangalore and At HQ also should not exercise the proper
control on the matter

Test flights acceptance by AED, DGCA :

There was a request from NAL in Oct 2008 for 15000 feet flight clearance.
DGCA(AED),Bangalore Granted flight clearance of 15 flights to SARAS PT1 and
PT2 aircraft for higher altitude flight upto 15000° vide AED letter
no.BLR/AED/SARAS/2008-08 dated 21.01.2008 to camryout

a) low speed handling checks including approach to stall and stall test
b) Engine re-light checks(one engine at a time)

subject to certain conditions. In one of the conditions (para c)of the said DGCA letter,
it is stated that a copy of the emergency procedure and the flight test schedule/order
may be submitted to this office prior to commencement of test flights for acceptance.

But, as per records, it is learnt that NAL did not obtain necessary acceptance from
DGCA even upto the last fatal flight no.49 and no information/correspondence
received from NAL about camrying out the flight test.

However it is not understood till 49" flight test how DGCA-AED,Bangalore was just
sitting as a spectator while all the flight tests were being conducted with their
awareness. At no stage of previous test flights and their correspondence also the above
lapses were not pointed out to NAL, Bangalore. DGCA -AED failed to ensure the
conditions given in their flight clearance in spirit.

1.18.6 Review of SSR —flight instrumentation system:

It is given to the knowledge that the aircraft is also fitted with Solid State
Recorden(SSR) for the purpose of assessing the complete flight performance of the
aircraft. It records quite large no. of parameters even better than FDR. 1t is also
understood that it was not housed in a fireproof and crash proof unit. In the accident
aircraft it was completely burnt and no data could be recovered from that unit.

NAL should explore all the possibilities of having more safer SSR housihg unit from
the point of fire proof and crash proof till the Saras aircraft is released for production

flight.

28




1.18.7. Electrical system and role of Auxiliary battery

To understand role of auxiliary battery in relight operation electrical system  of the
aircraft is necessary to be understood

Electrical System Architecture

Electrical System Architecture for SARAS Aircraft is as follows. Two starter /
Generators serve as main power supply sources. The same star ter/generators serve as
starter motors during starting phase. The capacity of each generator is 400 Amps at 28
Volt; the over load rating of the starter / generator as generator is 600 Amps for 2
minutes and 800 Amps for 5 seconds.

One Main Battery (Ni-Cd) of 44 Ah capacity is used as emergency power source. The
same battery serves as internal starting source.

One Auxiliary battery (Ni-Cd) of 16 Ah capacity is used for the following purpose
(during starting phase):

To improve voltage supplied to GCPU ( Generator Control & Protection Unit), CWP
(Central Waming Panel), Fuel flow meters. Also the auxiliary battery serves as
additional emergency power source during double generator fatlure.

Reasaon for introduction of auxiliary hatterv,

During starting phase of Saras aircraft development main / emergency bus voltage
dips below the operating voltage of Generator Control and protection unit (GCPU),
Central Waming Panel (CWP) & fuel flow system due to large motor starting current.

It was found necessary to provide a separate Auxiliary battery and bus bar for these
circuits to over come the low voltage problem while starting.

It is to be noted here that Auxiliary battery is not meant to supply starter motor
current during starting cycle (on ground and in air ).

After starting cycle is completed the auxillary bus bar will be powered by main power
source (generator supply) with auxiliary battery under float charge.

The electrical circuit is so arranged that both the emergency bus and auxiliary battery
bus are powered by 44 Ah main battery in case of double generator failure
(probability is extremely remote) In that case the auxiliary battery bus bar can be
isolated and powered by auxiliary battery by selection.

Auxiliarv Battery Selection Switch

The Auxiliary Battery is controlled by a three position switch, as follows: The three
positions are ‘ON’, *‘OFF’, and ‘CHARGE".
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1. Position *OFF
The Auxiliary BATTERY is separated from all bus bars. (This battery does
not supply even to Auxiliary battery bus bar). However the Auxiliary Battery
Bus bar is connected to the emergency bus bar supplied by the main battery.

2 Position *‘ON’ (The Auxiliary bus bar is isolated from main and emergency
bus bars)
The Auxiliary battery is connected to Auxiliary battery bus bar and supplies
(discharge) current to all loads conncected to Auxiliary battery bus bar only i.c.
GCPU, CWP and fuel flow meters. Hence any voltage dip on other bus bars
will not affect the Auxiliary battery bus bar {especially during starting cycle).

3. Position ‘CHARGE?
The Auxiliary Battery is isolated from Auxiliary bus bar and connected to
main bus bar for getting charged by generator. Now the Auxiliary battery bus
bar is supplied by main power sources (Generator).

Indications and Warning:

a) Main Battery Discharge Warning.

Main Battery Discharge warning will come ‘ON” for the following conditions
and when the discharge current sensed by the current sensor in DC master box
is more than 6 Amps.

1. During internal starting (Main battery)
2. During cross starting (Main BAT + GEN)
3. During double generator failure.

During this condition battery is supplying power to the loads connected to
emergency bus bar. Audic waming comes ‘ON’ along with indication, in
CWP.

b) Battery Indications:

Main Battery:
l. Battery disconnect (RED lamp in CWP).

This lamp comes *‘ON” when battery is not connected to emergency bus
bar.
Battery discharge (RED lamp in CWP with Audio warning)
Battery “HOT" (RED lamp in CWP).
This lamp comes ‘ON” if the battery temperatures rises above 71 °+2°C.

W N

Auxiliary Battery:
1. Aux. Battery disconnect (RED lamp in over head panel):

This lamp comes ‘ON” when battery is not connected to main bus bar.
2. Aux._ Battery ‘HOT’ (RED lamp in over head panel):

This lamp comes on when the battery temperature rises abo ve 7112°C

1.18.8  Discussion on Synchronization of Propeller Control and Fuel Control

In Saras PT2 VT-XRM aircraft, concept is Three control levers for power, propeller
blade pitch and condition are provided on pedestal in cockpit within the reach of both

30




pilots. The mechanical movement from cockpit is transmitted through flexible ball
bearing controls to comresponding levers on engine.

Power lever controls the engine power and also selects reverse pitch by blade pitch
variation. Propeller lever controls pitch at max. RPM, min. RPM and feather. Positive
stops are provided on quadrant so that inadvertent operation to feather regime is
prevented.

The required power is selected by means of power lever in direct proportion to torque.
It has max. power, idle and max. reverse.

Condition lever has three positions: off, low idle (53% NG) and high idle (70% NG)
with positive stops.

Propeller control lever movement provides smooth propeller operation (pitch change)
within control range. The propeller lever has a governing range between max. RPM
and minimum RPM positions and feather range.

The blade pitch is controlled automatically in flight to maintain the RPM constant to
pre-selected value. The chosen relationship of engine power to propeller pitc h depends
on operating requirements. Based on propeller RPM selected, turbine governor section
of propeller govemnor limits engine power according to ability of the propeller to
absorb the power at that speed. When lever is pushed fully forward, pitch chan ges
from course pitch to fine pitch (high RPM).

Whereas in P.180 Avanti Il aircraft. There exists two -lever concept.ie., power and
condition levers The engines and propellers are operated by two sets of controls
mounted in the control pedestal below the centre instrument panel.

The power levers (left side of pedestal) control engine power through the full range
from maximum takeoff power down to full reverse. They also select the propeller
pitch {beta control) when they are moved back from the detent. A gate provides
unrestricted power lever movement from idle to maximum forward but requires the
power lever handle to be pulled up before movement can be made from idle to reverse.
Each power lever operates the NG speed govemor in the fuel control unit in
conjunction with the propeller cam linkages. Increasing NG results in an increased
engine power,

The condition levers (right side of pedestal) provide the propeller speed
commands as well as the fuel cut-off and propeller feathering functions. (ie
combined propeller control and fuel condition lever.) In flight, the condition levers
provide the speed commands to the propeller governor for setting the desired propeller
speed. The condition levers are utilized to select high (about 70%) or low (about 54%)
idle. Ground idle (low) is the normal condition for ground operations. Flight idle
(high) is needed on ground for maintaining low ITT's during periods of high generator
loads at high ambient temperatures or when increased bleed air flow is necessary.
Moving the condition lever aft from the G.1. position, over the gate, and aft to the
FTR(Feather) and CUT OFF results in propeller feathering and fuel cut -off.

The above concept of two lever, single control box operation is easier compare to

the three lever operation. NAL should explore the above concepts to adopt in
future Saras project for achieving well coordinated cockpit control by the pilot.
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1.18.9 Status of ATR on Inspection by DGCA authorized inspectors :

As per the instruction of DGCA, Delhi Air India engincering team had visited NAL,
Bangalore from 6™ Jan to 9™ Jan 2009 to review and study the avionics and electrical
systems of SARAS aircraft VT-XSD for the purpose of type certification, design,
implementation and system architecture. Certain obscrvations were indicated for
improvement by NAL.

There were 31 major observations made for implementation. Some of them were
pending for implementation. These were regarding provision of spare cables in each
loom, flushing of pitot probe and AQA with fuselage, position of pitot probe water
drain hole, pitot probe heating, waming for emergency door opening. However these
were not contributed to the accident.

1.18.10 Praopeller certification

1. Selection of engine-propeller combination:

Since PT6A-67A engine that was flying in Beech star was selected for SARAS PT -2,
the obvious choice would have been the same propeller driven by this engine on the
BEECH aircraft. McCauley, USA supplied the propeller for the Starship power plant.
McCauley have stopped the production of this propeller and they have no interest in
starting the production line again only for one customer. The other altemnatives were
also explored and finally discussion held with MT propellers of Germany and a
propeller development programme was finalized. Broad details of the 1200 SHP,
1700rpm propeller for PT2 are given for the purpose. MT propeller has been in
business of development of propellers for the past nearly 25 yrs for general aviation
aircraft. They also have developed larger propellers for various specific applications
and have enough experience in design and development of propellers. They also have a
facility in Poland(AVIA) to design and develop large metallic propeller(Since last 75
years). The total system weight of Hartzell prope ller is 93 kg with Aluminum hub to be
qualified with Aluminum material and 108 kg for MT propeller. After the comparison
of propulsive efficiency of the MT and Hartzell propeller, MT propeller was chosen as
it has higher efficiency. Because of the competitive cost, aggressive development
schedules and the rich experience behind, MT propeller was selected for Saras PT2.
The test propeller was delivered and 200hrs of endurance test have been completed
successfully at NAL facilities, as part of certification tests, along with PT6A-67A
engine. The engine-propeller combination has thus been proven for SARAS PT2
aircraft.

2. On the day of accident, MT Propeller fitted on the accident Saras aircraft is not
certified propeller by any competent authority ie.,FAR/EASA or Indian DGCA as on
date of accident. It was manufactured in the year 2005,September, as per the
requirement part 21 by MTP,Germany . Though it is uncertified NAL opted for it due
to the above selection process.

3. NAL reported that the MT prope ller fitted on the accident aircraft was made as per
their specification. it is yet to be certified by competent authority due to other
technical/test requirement like actual vibration test in flight. These propellers when
received from MT propeller, Germany by NAL in the year 2006 there is no declaration
of airworthiness fitness made by NAL for its usage on Saras aircraft. Nor any
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provisional clearance was obtained from DGCA for its fitness to fit on the aircraft till
the propeller is certified.

4. The variable-pitch propeller system must be subjected to the applicable functional

tests of this section. The same propeller system used in the endurance test must be
used in the functional tests and must be driven by a representative engine on a test
stand or on an airplane. The propeller must complete these tests without evidence of
failure or malfunction. This test may be combined with the endurance test for
accumulation of cycles.

5. To comply with the above requirement, the propeller was fitted on PT6 A-67A
engine and the tests (functional test and endurance test) were carried out. However No
wind tunnel tests have been called for in FAR 35. NAL at their facilities has
successfully carried out 200 hours tests (150 hours endurance tests+50 hours function al
tests) during the period between 18th January to 26th July 2006 for the purpose of
seeking type certification of the new MT propeller for the SARAS -PT2 aircrafi. The
tests were carried out based on JAR-P-210 (B)(1)(ii) / CS-P 390(b)(2) / FAR
35.3%(c)(2), applying JAR-E 740(c)X1), CS-E 740 (c) (1) and FAR 33.87 valid for
turbine engines with standard ratings (Maximum Take -off and Continues Power).
Functional test was done according to JAR -P210(b)(2) or FAR 35.41 (2 hrs per stage).

Result of the above tests concluded that All the PT6A-67A engine parameters (both
installation and engine indicated parameters) were compared with the limits and found
to be satisfactory. Dynamic balancing was done for the MT propeller along with PT6A -
67A engine was done and the vibration levels were brought down from 0.91 ips to 0.11
ips by addition of balancing weight of specified locations, However the propeller
vibration check on the aircraft is kept pending and this also 1o simulate actual
condition of vibration.

Moreover the engine test stand/rig used for this purpose is locally fabricated and does
not have any approval from DGCA.

6. After the endurance test, MT propeller issued *“Statement of Compliance and
Inspection™ Nr 241106 Issue November 24, 2006. Wherein NAL was given the
approval for 100 hr. flight and it has also been mentioned a TBO of 72 calendar
months. Since the propeller is not yet formally certified, the reason for accepting the
long calendar months by NAL is not understood and no other aviation in dustries was
consulted prior to its acceptance.

After the accident, MT propeller clarified that :

(a). The TBO of a propeller is always divided into hours and calendar month, because
both may have effect to airworthiness. Because it is not yet fully test ed ( vibration
flight test not completed ) only 100 hours initially allowed , full 72 month is used for
TBO, because a reduced calendar time limit was not necessary. This is a normal
procedure they use with all propellers.

However it is to bear in mind that it is uncertified components going to be used in
prototype aircraft it can not be straight away used for 72 months. NAL Should have
consulted other aviation industries before following the TBO of 72 months.(Note:
Sirst flight test done on 18.4.2007) propeller was purchased in the year 2005,
September.
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(b). NAL and MTP have conducted a 150 hours type tests with this propeller at NAL
test bench in Bangalore and this bench test included also a functional test as well as a
vibration test on ground (non-flying ) and a tear-down inspection afler the run. This
was enough for MTP, to show, the propeller could be safely operated within the desired
envelop of the aircraft/engine combination. A second vibration test was intended to be
done, once the aircraft was cleared for the entire flight envelope, which was never
conducted.

(c). Because it did not complete the inflight vibration test, the MTV -27-2-N-C-F-
R(P)/LD265-417 was never fully certified by the EASA since MTP could not show
compliance of this part per CS-P.

(d). They have to centify the propeller according to CS -P first before they can get
FAA Part 35 approval. In order to get the -2 model fully EASA certified, they have to
complete the in-flight vibration test and if this does not show any negative r esults, the
TBO will be established for 1500 hours.

It must be noted that there are other tests like Fatigue Charactenstics,centrifugal load
test, lightning strike tests etc., are yet to be completed for EASA certification purpose.

It is hence concluded that NAL uscd uncertified propeller cither by country of
manufacture or by the country of test lying. On reccipt of the propeller and prior
to use on the aircraft it was not declared “Airworthy* by the NAL .

1.18.11 Discussion and clarification by MT Propellers :

D

2)

3)

4).

5).

6).

After the accident the propeller OEM -MT propeller have been discussed along with
investigation team and NAL to provide certain clarifications. As per OEM of the
propeller the following are their detailed clarifications/explanati ons:

It was informed by MT propeller that the present feathering angle setting (low: 11 deg,
high 79 Deg )communicated by MT Propeller to NAL is based on theoretical
calculations only. This would be fine-tuned during flight testing. Minimum engine oil
pressure nceded to start un-feathering the propeller is any thing above zero and min
servo oil pressure needed to overcome the feathering spring piston is 80 psi approx.

Drop in Np during both relight attempts would occur only with propeller lever pul led
back from fully forward position.

Flight clearances were given to NAL for 100 flight hrs based on endurance tests. The
factory setting was 11 deg for low pitch and 79 deg for feathering. There is no other
aircraft fitted with this engine propeller combination of Saras PT2. Min eng oil
pressure required to start un-feathering the propeller is above zero.

Propeller control lever should be in “Feather™ position for engine relighting and
only to move forward after attaining the stabilized Ng at flight idle (ie 50 -55%)as
per engine manufacturer

MT propeller does not have any data on windmilling drag characteristics of Propeller
as no testing was done for that and hence not supplied to NAL

MT propeller was in constant touch with NAL till the clearance of 100 flight hours of
propeller is completed by Fax and Mail, but not for relight procedures.
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7)
8).

9).

10).

11).

There was no SOP issued by MT Prop to NAL for re -light procedure

As per them there can not be any other failure in the propeller/engine which could
have led to the situation expericnced in the accident except not moving the propeller to
feather for relighting procedure.

The propeller was not tested for windmilling conditions during design as it is not
covered under requirement

For the query of When an engine is cut off in flight and propeller remains feathered
and Ng is 7% and Np at 1%, the oil pressure at 6psi --what malfunction in the engine
propeller system can cause Np to raise continuously from 1% to 100% in about 14
seconds. (the propeller lever is placed in “fine position™ towards preparatory for
engine re-light} , it is clarificd that If a propeller is feathered, it usually should stand
still at Vy. The blade angle to get this must be adjust ed during the {light tests, which
was not completed, because our chief engineer or me was not present at the first
flights, because it was decided to come for the in-flight vibration tests, once the full
fight envelope was opened, which was not yet comple ted. Therefore, we could not
adjust the feathering angle for a stopped propeller, in particular important for the
engine.

If the pilot(s) feather the propeller for a single engine test flight, the propeller levers
must rematin in feather position. Since the propeller lever was moved forward to max
rpm ( fine pitch ), the propeller behaved normal and because of the existing oil
pressure from the engine and the rotating propeller ( Np) greater than zero %, the
propeller unwinded out of feathering, at the beginning slowly because of the low rpm
and hence low servo pressure from the propeller governor, but increased the rpm faster
with the windmilling reaction until it reached 100% Np ( or close to ).

12) For why Ng went never to zero % when the co ndition lever was pulled into fuel cut ofT

13).

must be answered by PWC. According to one of their test pilots, which has a Beech
King Air rating, an air start is also possible with the PT6A - engines and some ram air,
which means to us that at 130/20KIAS there was enough ram air blowing into the gas
generator and tuming it at 7% in this condition. Essential for them as the propeller
people is, that the mm lever should have been left in feathering position for the engine
restart and only moved forward, once the Ng is stabilized at flicht idle (50 - 55 % or
whatever is specified for the engine in question). Since they do not know, what basic
AFM was used for train the pilots ( they recommended the Beech 1900 -D because it
uscs -67 engine ) some mistakes should have been avoided. Again, this is what [ do
not know and therefore, it is hypothetical.

For the query, Can this situation given at above, occur on account of gradual increase
of oil pressure by the propeller governor gear pump to a value which overcom es the
opposing spring force and thus results in propeller unfeathering process to commence.
It is explained that This is absolutely correct. As explained above, there was engine
oil pressure supplied to the propeller governor ( the governor need always pre-pressure
at the pump inlet ) and while the propeller was turning with increased rpm, the
govemnor pump increased pressure and flow and pumped the propeller out of
feathering, first slow, but with decreased pitch faster and faster until the propeller
blades reached hydraulic low pitch stop and consequently 100 % Np in windmilling
configuration at 130 KIAS, creating a lot of drag, perhaps too much for controlling the
aircraft. Help would have been to feather the propeller again in order to reduce the
excessive drag from the windmilling propeller. Whether the airplane could be still
controlled in such a configuration must be answered by the designers.
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14)

15)

16)

17)

18)

19)

1t was also confirmed that as the system behaves normal as seen from data (prop
control full forward), there was no malfunction of the propeller system.

For the query, there have been two attempts to relight the engine in air. The first
attempt was unsuccessful and the second attempt, though successful, was too late —just
a few seconds before the crash. However, it is noted that on both attempts when Ng
started building up (and oil pressure increased), the Np has reduced substantially
during the same period. In the first attempt, Np reduced from 100% to 83%, and in the
second re-light attempt, the Np reduced from 85% to 61 %. What would be the
possible explanation for this?

It is expressed that the increased Ng needed some engine oil for Iubncation and
therefore, the pre-pressure dropped and conscquently the servo pressure from the
govemor, which will move the blades towards high pitch (counterweights and springs)
and a drop of Np will occur,

For the query , Is it possible under the earlier condition mentioned above , the
propeller will not respond to feather command, it is clarified th at No, not at this speed
of 130KIAS. At higher speeds, it could be possible, if the counterweight mass is not
high enough. But since the propeller initially feathered, it can be assumed, the system
functioned normal. Measuring the servo pressure would have been part of our tests
requirements, especially at high speeds up to Vd, but this was not possible because we
had to wait until the flight envelop was fully opened.

For the query, Before the engine re -stated, when the propeller lever is placed in fine
position and Np starts raising due to unfeather action (even at low oil pressure) it is
expected that the propeller blade angle will not go below the PBA setting. If the wind
milling Np raises to approximately 90% and with propeller at PBA, would the di sking
drag be so high as to make the aircraft uncontrollable at the speed of 130 knots.

MT propeller clarified that assuming that the system functions properly, there is no

way to get the blade angles below the hydraulic low pitch stop and as mention ed
above, there will be a lot of drag from the windmilling propeller at the given pitch

setting on one side and perhaps a lot of high thrust {depending on power setting of the

running propeller) on the other side. This asymmetric thrust must have been calc ulated
by the aircraft designers and defined. Again, this will be a certification criteria and

cannot be commented from our side. However, that there is a problem also with the P -
180 aircraft but no detailed facts are available.

It was further clarified that, when the govemor starts pumping the propeller out of
feathering, the process starts slowly and as the blade pitch decreased, the pm
increases until at a certain pitch, the wind catches the blades and the rpm increase is
quite rapid. This is similar on any installation, so nothing special. This is why it was
recommended recommend to pilots that they should not move the rpm lever all the
way 10 max. rpm at an air-restart, but only slightly over the feather gate in order to
avoid over speeding at this very second, when the wind catches the blades.

It is also reported that Since Ng is already tuming at 7% (producing the engine oil
pressure for the governor), it is unclear , why Ng of about 12% cannot be reached by
the starter-generator for relighting the engine. If you have also recorded the position of
the condition lever and if this was moved forward out of the fuel cut -off position, there
is no real reason for not getting the engine started at or around 10,000 feet. According
to MT propeller test pilot, Beech allows engine restart at altitudes up to 20,000 feet.
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20) As a propeller manufacturer it was reiterated again, the normal procedure for
the engine re-start would be with the propeller in feathering.

21) It was firmly told that Since Np and Ng did not stop in feathered configuration with
fuel cut-off, the engine produced still oil pressure, high enough to supply the primary
governor with engine oil and hence the propeller behaved as designed and required
and pumped the propeller out of feathering into low pitch (full fine), resulting in 100%
Np, creating a lot of drag.

The onlv one action to prevent such a situation would have been to keep the
propeller in feathering position, which means the proneller contral must stay in
feathering position. This was not the case and the consequent result is known,

22) It was also explained that CTM and ATM do not play a factor here, because, there
was no attempt from the pilot(s) to feather the propeller again. As the engine is a twin
shaft turbo prop, the power turbine run freely from the gas generator and how much
influence the reversed airflow from the power turbine (driven by the windmilling
propeller) on the gas generator has must be answered by PWC. The same is with the
influence of the engine starting procedure with a windmilling propeller, because only
the gas generator was started, not the power turbine, must be answered by Engine —
OEM. If the beta linkage fails for any reason, the beta valve closes and the propeller is
turning towards high pitch (20 feathering) because of the lost servo pressure and the
leakage in the oil transfer system at the propeller shaft.

1.18.12 Mismatch of CAS on EFIS.

There has been couple of occasions during the sortie mismatch of CAS on two EFIS.
This could be due to the presence of NLG blanking the feed to the pitot head
Suitable modifications on Saras aircraft Pitot system or Nose Landing Gear D -
Door mechanism (the D-Doors could be flushed when Nose Landing Gear is
extended at certain angle of side slip) to be incorporated by NAL so that there is
no mismatch of CAS between the two EFIS in flight.

1.18.13 Clarification by Engine manufacture on relight SOI:

During the deliberations with engine OEM(P&W), it has been replied by them that
“Engine is capable of starting with propeller in any operating position and has nothing
to do with the propeller” is not in good spirit as an established engine manufacturer
having worked with probably all known propeller industries.

As per OEM engine, as far as propeller concerned , the recommended pre air
start check procedure for Normal Air Starts is : Propeller Control Lever- anywhere
in opcrating range with Note That: propeller feathering is dependent on
circumstances and is at the pilot’s discretion. Fine pitch selection will provide
increased gas generator wind milling speed for emergency starts in the remote event of
starter failure. Operating range of the propeller pitch is away from feathered position,
during the whole flight profile. The note regarding eme rgency starts further makes the
feeling that the fine pitch is a better choice. NAL and ASTE crew have gone strictly
by their documents and answers to their TCM.

For the question of “Why only general engine relight SOP procedures were given
when it is known that at least some aircraft can have problems with relighting with
propeller other-than-feathered position?”, P&W replied that the present Specific
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Operating Instructions (SOI) has a Note under relight procedure which talks about
feathering function which is under pilot's control. There are installations where start
is achieved with propeller out of feather. However, such evaluation is typically
done at the end of development testing by design agency to establish the best re -
light procedure. It is opined that no relight should take place until aircraft has
flown full envelope and aircraft's aerodynamic characteristics fully understood.

It was ascertained by P&W that The present Installation Manual covers 14 engine
models which were certified using similar SOI. No issues were reported during
relight certification testing.

However NAL reported that No clue was arrived till the accident day that a turboprop
with free turbine configuration, the propeller lever should be in feathered position
to aveid disk Drag and abnormal behavior of the propeller etc., recorded in the
accident flight. Since NAL was concentrating only on relighting of engine in the air,
the propeller OEM was not consulted at any stage prior to finalisation of the relight
procedure.

As an approved Design organisation this should have been the hindmost sight of
whole Saras project team and MC. However they failed in this aspect.

For the likely cause(s) of failure of first relight attempt it has been commented

by P&VW that From the telemetry there is fuel flow indicated before the engine re -
light is initiated. If this is true then it is possible that the igniters became 'wet'

with fuel and did not provide the required ignition source during the first re -light
attempt. However, this is not considered as likely as the second re-light attempt
was successful with no exceedance or rapid rise of ITT during this relight. It is opined
by P&W that a more likely scenario is that the re -light procedure on the first attempt
was not completed .The start sequence appears to be completed on the second attempt.
This resulted in a normal air re-start with all parameters being as expected.

It is also now clarified by engine OEM- P&W for foot note of SOI “Relight normally
should be obtained within 10 secs”. It means that it should be obtained within 10 secs
of Ignition ON and fuel ON command. Please note that it is not related to the time for
an engine to reach idle speed. 50% threshold is recommended min Ng to cut-off
starter motor during the start, after that engine Ng will keep accelerating till normal
idle is reached and start sequence is completed,

1.18.14 STATUS OF TELEMETRY SYSTEM USED FOR SARAS FLIGHT TRIALS

The telemetry ground station being used for the Saras Program is stationed at ASTE
and comprises of RF system (tracking and proximity antenna, receivers and
demodulator) provided by ASTE and PCM decommutation system and PC based
monitoring stations, video camera, LAN and H/F R/T scts provided by C -CADD. The
ranges obtained with the telemetry system are generally in the vicinity of 60 km with
the main tracking antenna and 5-10 km with the proximity antenna, which is
considered quite poor compared to the ranges close to 250 km provided by the
telemetry system at HAL Flight Test Centre being used for LCA and IT. Factors
which affect the telemetry range are the receiver chain on ground, teclemetry
transmitter being used and the antenna configuration on the a/c as well as on ground.
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On the day of accident it was reported that the Autotracking func tion of the telemetry
system was unserviceable and elevation control was not available. The tracking in
azimuth was being done manually by monitoring the signal strength and aircraft
position. The monitoring group is stationed along with Flight Director in the 2* floor
while tracking group is stationed in 3™ floor (Rx room). When aircrafl taxies out the
aircraft is tracked closely by the antenna by maximizing Rx signal strength. The
control unit has also that AZ / EL display on the panel. Whenever the tra cking
engincer loses the position of aircraft in flight, he seeks the help of Flight Director to
get the aircraft location.

The ground telemetry station has the following weak areas: -

(a)  Tracking unit and antenna control unit (ACU) of the RF system do not have
any redundancy. The elevation control of ACU was unserviceable. Auto tracking was
possible only in azimuth.

(b) Though two telemetry receivers were available, the RF input to the receivers was
given independently from tracking antenna and proximity antenna, and automatic
source selection was not available.

(c) There was only one demodulator in the telemetry chain and its failure would
result in a complete link breakdown.

From the discussions held with the various members of the telemetry group it is
inferred that the height and distance for carrying out various critical test points was
governed largely by the coverage area of the telemetry system. During the sortie there
were frequent link breaks, which increased towards the later part. This probab ly
affected the proper monitoring of the parameters by the telemetry group. Further, due
to the absence of any R/T calls from the crew towards the end, there was a total lack of
situational awareness among the telemetry group. Availability of a hot mike sy stem in
the cockpit would have helped the test director to be in constant communication touch
with the test crew. This would especially be helpful in high workload conditions
wherein a pilot may not have the time to press the PTT to transmit.

There is a telemetry link break every time during engine start up. This is probably due
to the fact that the telemetry transmitter operates in the voltage range of 25 -32 volts
and during startup the bus voltage dips below 25 V. As the voltage is restored the
transmission restarts. Hence, it is suspected that the two telemetry link breaks of
approx 20 sec during relight attempts prior to the accident are due to this reason.

In view of the above, the following is to be considered for the telemetry system: -

(a) The ground telemetry tracking and RF system should be replaced / upgraded
with an advanced system with adequate redundancies.

(b) The telemetry transmitter in the a/c should be replaced with a better transmitter,
which would be able to give better ranges.

(c) The antenna configuration on the a‘c should be optimized in order to give better
coverage in all attitudes and directions.
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(d) A hot mike system should be introduced in the cockpit in order to give continucs
hands free transmission of all communication between the crew as well as with
the telemetry ground station.

(¢) Recording facility should be provided in the telemetry station for the R/T
communication between the aircraft and telemetry station.

(f) Necessary modification may be carried out on the aircraft  lo isolate the
telemetry and FTI system from the main bus bar during an engtne start up and
put it on a standby battery in order to avoid loss of cntical data dunng engine
start up.

1.18.15 Emergency Locator Transmitter

ISRO Satellite Centre, Pcenya, Bangalore did not receive signal from the ELT fitted
on the accident aircraft on 06.03.2009 afier the accident. Also during the examination
of the wreckage at site  the ELT unit was not traceable. Only six battenies of the ELT
unit were recovered from the wreckage site in bumt out condition. ELT could have
been bumnt in post impact fire as its housing is not fire proof. ELT antenna was also
found disconnected.

1.18.16 Statements, collection of evidences and investigation:

1.19

DGCA, New Delhi vide order No. AV15013/1/2009 -AS dated 13-03-2009, apart from
appointing inspector of accidents who was also investigator -in-charge, the following
investigation groups were also formed to provide input to the inspector of accidents.

Operations group
Enginecring group

Wreckage investigation group
Recorder group

Medical group

VAW -

NAL provided all the technical assistance to the group members.

The inputs provided by the various investigation group have been taken into
consideration and is carefully studied with various other evidences o f the inputs.

Also Pratt & Whitney, Canada (Engine OEM), MT Propeller (Propeller OEM) and
NAL (Aircraft Designer) had been discussed on face -to-face method and by e.mail/fax
etc. All their valid views and comments/clarifications are also taken while final izing
the investigation report.

Useful or effective investigation techniques :
Nil
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ANALYSIS
Serviceability of the aircraft

The SARAS PT-2 aircraft VT-XRM is an experimental aircrafl under development by
M/s National Aerospace Laboratories, Bangalore. The Certificate of Registration
issued on 5.12.2006 bears Cert. No. 3460, under category A,. The aircraft serial
number is SP002 and the year of manufacture is 2006. The aircraft is fitted with
certified two Pratt & Whitney, Canada ,PT6A-67A Turboprop engine . However MT
propeller fitted is yet to be certified. The weight schedule was not yet finalized.
However the restriction was fixed for the 49™ i.e the accident test flight as in test
schedule. Aircraft is yet to be issued with C of A. On 6.3.2009 aircraft was inspected
by the airframe, engine, avionics, instruments, electrical system inspectors approved
by DGCA as per daily inspection/preflight/engine ground run schedule. Also telemetry
serviceability was reported signed by separate person as per DI. No snag was
reported. Aircraft was certified ainworthy for test flight 49 in the form “daily
inspection and clearance for Test flight-Saras aircraft” by concemed DGCA approved
inspectors. Aircraft was also accepted by the pilots in the form IAFF(T) 700D.
Aircraft production and maintenance documents did not reveal any significant
findings except reported high control forces, flap operation issues . From the aircraft
flight test records and post flight pilot reports the followin g observations are noted:
Rudder Force feel inadequate , rudder response sluggish, During Asymmetric Torque
handling, Rudder Force reported heavy, Poor Aircraft controllability during approach,
flare out & touchdown and Exceedance of ITT & Ng reported high at high Torque
settings at high altitude. In general, there are Controllability issues and high control
forces exist. 50 hrs scheduled servicing was carried out after 48 ™ flight and the
engine ground run up was given . All the onboard systems were found satisfactory.
Auto-feather engine cut-off was also checked on both engines.

Since the aircraft is under developmental stage NAL informed the above design issues
of high control forces are being studied continuously for better design evaluation .
There is no other known major maintenance defects or structural defects, which were
left unattended.

Inflight procedures, Role of the crew and Cockpit emergency exit provision

NAL clarified that Pl is the Captain of the aircraft. As per ASTE standard
operating procedure, FTE reads out the command/ test point/ check list and P1 or P2
as pre-decided by P1 will execute the action. But it was not documented properly
anywhere in the relight procedures. Saras PT2 quick reference handbook mention
only challenge method, but Standard Aviation practice is “challenge and response™
method. Further it does not speak clearly that at each and every stage of flight who
challenges and who responses. CVR also revealed that there is no proper crew co -
ordination in the cockpit in handling the controls and achieving the action during the
accident flight because of lack of cockpit checklist procedures.

The values/ limits of engine oil pressure and ITT that are to be monitored during
engine relight exercise is nol included in the detailed test points and NAL should
include in the future test schedule.
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(a)

(b)

Aircraft records revealed that aircraft was placed with 3 parachutes for emergency
evacuation purpose. During wreckage inspection this was also confirmed. Howev er,
cockpit checklist procedure does not include checks for parachutes.

At about 5 mins prior to crash , when something abrormal behavior of the
aircraft was felt by the pilots Co-pilot was hilariously telling commander “road
is there for emergency” and also advised FTE for placing readiness of parachute
for emergency. These parachutes were not used by the pilots/FTE in the accident. It
is not known that whether the pilots are trained to operate the parachutes in case of
exigencies. Records provided to the investigation is insufficient to show their training
on parachutes exercise.

Procedural Lapsc of project team and Management committee (MC) .

The relight SOP was derived based on a SOl issued by the engine manufacturer
P&WC, which did not take the airframe-engine integration aspects into consideration.
These SOls are issued to all P&WC operators (PT6A -67A) worldwide and does not
take into account the fact that SARAS was an experimental a/c. The copy of SOl
Manual (Part No. 3037028 Revised 11 July 2001) issued from P&WC is attached in
attachment folder. The relight document was only vetted and approved by ASTE on
6™ Mar 09 even though the trial planner was remarked by CRPO,IAF on 22 ™ Jan
2009. This document was not sent fo the engine and propeller QEMs ie. M/s
P&EW,C and M/s MTI Propellers respectively for getting their comments and
guidance.

Prior to the conduct of the Relight Tests, NAL had sought certain clarifications from

PW&C on 30" Dec 08, on the exact procedure to be followed for a relight. The reply
was received afer a reminder on 26™ Feb 09 and it stated that the procedure laid
down in the SOI should be followed. The SOI mentions that prop cont rol lever can be
in any position in the entire operating range of the lever during a relight. There is also
a footnote mentioning that “propeller feathering is dependent on circumstances and
is at the pilot’s discretion. Fine pitch selection will provide increased Gas

Generator (Ng) windmilling speeds for emergency starts in the remote event of
the starter failure™,

As a well established Aviation engine industry , This lacks the clarity from
Engine OEM considering the aircraft being experimental aircraft and NAL was
in constant touch with them. P&W should have given clear cut in struction
whether to keep the propeller in “feather™ or “Fine”.

As per OEM of propeller-MTP  during the meeting with DGCA investigation team,
the Prop Lever should ideally been kept in FEATHER position_during relight.

In all this time there has been no interaction between NAL and the propeller
manufacturer (MT Prop Germany) regarding the formulation of the relight procedure
as the NAL and ASTE attention was only on engine relighting ie., presumed propeller
having no role to play.

It is hence clear that there is a Lapse of project team and Management
Committee (MC) in finalizing the correct procedure for engine relight procedure in

flight.
42




The confusing instruction and guidance of Engine OEM -Pratt & Whitney,
Canada:

Investigation team felt the incorrect position of the Prop lever “FINE” for relighting
procedure in a way might have contributed to some extent to the accident,
Considering that this was an experimental prototype aircraft with a centified P&WC
engine, and uncertified MT propeller, the Engine OEM cannot absolve themselves
of the responsibility of giving critical information which could adversely affect the
safety of aircraft during the relight. Also, there was no caution provided by the OEM
in the SOI in this regard. Considering the very definitive and clear instructions by
P&WC to follow the procedure as laid down in the SOI, which specifies the position
of the Prop lever to any where in the operating range, the trial team and designers
could have been possibly misled by this inform ation and have not realized the
repercussions resulting from the placement of the prop lever in the “Fine” position
As a well established Aviation engine industry , This lacks the clarity from
Engine OEM considering the aircraft being experimental aircraft and NAL was
in constant touch with them. P&\W should have given clear cut instruction
whether to keep the propeller in “feather™ or “Fine™for engine relight in air.
However the P&W still maintains the instructions given in SOI.

It is strongly felt that Indian-Aviation regulatory authority ie DGCA should
take up the issue to Pratt & Whitney, Canada through the regulatory body of

their country.

Engine Relight procedures-Revision:

It has been observed from the records and statements th at pre-flight briefing meeting
was done in the afternoon of 6.3.2009 prior to the test flight 49 in which NAL and
ASTE took part of it . This meeting covered SOP for the flight, aircraft serviceability,
configuration limits, test points, and test sequence etc as per the test program. Flight
crew were also present. It is also understood that at the end of the briefing the pilots
were specifically told by FTD that in case of any problem during the relight attempt,
the engine should be switched off, propeller feathered and single engine landing
executed. No effort should be made to try the relight at second time. This was also
repeated to them orally near the aircraft before the crew got into the aircraft.

However the above discussion was nowhere recorded or documented in the
relight test procedure.

Saras specific intentional engine shut down and relight procedure has been studied
and it revealed some of the following salient points:

1. There is no mentioning of role responsibility of the individual cr ew, of who
will check what and who will act and respond etc.,

2. Relight procedure check list or its note at the bottom does not mention How
much should be engine oil pressure to Check. Similarly no mentioning of
action on “Engine Start Switch” only mention a bout Start Mode Switch.
Propeller control lever — fine .( as per engine OEM, any where in the
operating range). But not cross checked with MT propeller.

Since this is the first relight test procedure nowhere cautioned about
prohibition of 2™ relight attempt and that too at low level.
No altitude restriction was also highlighted for relighting.
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It has been reporied by NAL that adequate practice of re -light dnill was done by the
test crew on ground. Dummy drills in the cockpit were also carried. But it is not clear
that whether these drills included the simulation of relighting in air conditions. No
records were made available to the investigation group.

In view of the above complete system of test procedure including Engine shutdown
and relight procedures is to be revised taking into consideration of all the factors
mentioned here or elsewhere in the report.

2.6 Role of Auxiliary Battery in relighting operation:

It has been doubted whether Auxiliary battery in “OFF” position played any role in
non-restarting of the engine. From the detailed study of electrical system architecture
of Saras PT2 aircraft the following three condition under that Functioning of the
engine starting system involved are evaluated and are as follows:

It was reported by NAL that, in view of the above design condition architecture:

e The cross start in air or on ground when the auxiliary battery switch is ON
position is always successful.

e On ground, Auxiliary battery must be selected ‘ON” as given in the existing
procedure (Vol. 28, TB-04, Quick Reference Handbook, page 411, dated March
2007).

o The cross start in air when the auxiliary battery switch in OFF or in CHARGE
position will also be successful.

In view of the above itis inferred by NAL that

)] Auxiliary battery is not required for relight in air.
ii) Re-light in air will be successful without auxiliary battery.
iii)  Three intcrnal/cross starts/ air starts are possible with the main battery.

iv) A time gap of 3 minutes for ground start and 2 minutes for air start to be obse rved
between successive attempts to start (on account of limitations of starter
contactor unit).

Further Electrical, Battery capacitance records verified and found both Main & auxiliary
batteries were periodically Capacity tested and recharged and are val id on the day of
accident.

However, it is not understood the above explanation of NAL when Auxiliary
battery is not required for engine start in air, why and how it has been included
for the ground start when main battery itself is sufficicnt for grou nd start. It is
hence felt that NAL should come out with clear cut procedure for AUX. battery for
engine start (intcrnal) or increasing the capacity of Main battery is to be explored
and hence removal of Aux.battery from the clectrical architecture.

2.7 Review Of Starting And Electrical System Of Saras Aircraft:
I. After the accident a lot of Discussions werc held between NAL design team and

DGCA investigation committee members regarding the function of aux. battery during
cross start on ground and in flight. The following points were discussed. The auxiliary



battery selection switch position and the bus arrangement were explained. With the
auxiliary battery switch in any one of the following positions: ON / OFF / CHARGE
position. The plausible reasons for engine not starting during the first relight attempt
could be;

(@) Aux battery not on line.
(b) Start mode switch selected to motor position.
(c) Fuel mixture rich during relight.

2. Functioning of the electrical and starting system, under 1 he above-mentioned cases is
explained as under;

(i). Case (a) Aux. batterv switch in ‘OFF’ position
The aux battery is isolated from the rest of bus bars. Hence no current would be drawn
from the Aux. battery. Auxiliary bus (which is supplying power to GC PU during start
operation) is connected to the emergency bus and also to the main bus which is being
supplied by the live generator. During the cross start in air, a dip in the auxiliary bus
bar voltage is expected. In air start, the voltage dip is likely to be less than that during
cross start on ground, The air start could be successful because of wind milling effect.

(ii) Case {b) Aux battery switch the ‘ON’ position

The aux battery is connected to auxtliary busbar and it supplies current (discharge} t o
all loads connected to that bus bar. In this case, the auxiliary bus is isolated from the
main and the emergency bus bars. During the cross start in air / on ground the aux
battery voltage is close to 24 volts for all the loads connected to the aux bus b ar.
However, dip in aux battery voltage due to motoring action would not arise. Hence,
relight would be successful in air,

(iii) Case (c} Aux batterv switch in ‘CHARGE?’ position

The aux battery is connected to the main bus bar and charged by the genera tor. Aux
bus bar is connected to the emergency bus and also to the main bus which is supplied
by the live generator. During cross start in air, a dip in voltage is expected in the aux.
bus bar. The dip in voltage during air start would be less than that on ground start and
relighting could be successful (for reasons explained in case (a) above).

3. View of Design Team and Investigation group Members:

(i) The cross start in air or on ground when the aux battery switch is “ON’ position is
always successful. Hence recommended for all air starts. But it is not required to
be done so, as the main battery is sufficient to take the load as already other
generator was working during cross start.

(11) The cross start in air when the aux battery switch in OFF or in CHARGE position
could be successful because of the wind milling effect. However, it is felt that the
cross start with aux battery in OFF / CHARGE position needs to be tested on the
ground by simulating 13% Ng wind milling effect, to confirm (ii) above without the
effect of dvnamics in the air.
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4.

While perusing the flight data it was quite apparent that they were two engine relight
attempts carried out by the crew on 06™ Mar 09 during the course of the sortic. The
first attempt was initiated at ~ 7200 ft AMSL and the other at ~ 5100 ft AMSL. It is
also evident that the first relight attempt was unsuccessful however during the second
attempt while engine parameters were approaching close to idle conditions, the aircraft
crashed into the ground. Hence between the two relight attempts possibly some switch
selections were made by the crew which resulted in the successful relight in the sccond
attempt. The committee also discussed all the possible reasons for the unsuccessful
relight in air during the first attempt at an approx height of 7200 ft AMSL.

(i) 1t could be possible that the start mode selector switch was in the ‘Motor® position

instead of *Start’. This condition would result in dry motoning only (no ignition).
This would also increasc generator current by about 200 A. This is also corroborated
by thc data wherein Ng increases to 25% and then drops down gradually. The start
switch could have been unintentionally deflected to “‘Motor’ position by any of the
flight crew member during the ensuing div e and unsettling of crew in the cockpit {(due
10 excessive yaw rate, sharp pitch down and effect of negative ‘g’) caused due 1o spin
up of propeller RPM to ~ 100%..Moreover there is no mentioning of “Engine Start
switch — to Start” in the CVR during this situation. It is quite possible engine was
not staricd at all ie., ignition not started. This is clcar from the no minus load
current and drop in generator voltage.

(ii) The aux battery switch may have been selected to ON position during the second

relight. The short break {about 22 sec) in telemetry data do not permit to check out the
discharge current of aux battery which returns to normal state during this break in
telemetry link. However no mentioning of it in CVR . Hence this can be ruled out.

(iit) The cause of the unsuccessful relight could have been because of the rich mixture.

The fact is that the fucl condition lever was not moved during the two relight attempts
and there has been a constant fuel flow of 30 kg / h. As the conditions with respect to
fuel condition remained identical during the two relight attempts, hence, this factor
can be ruled out, as the cause for engine not starting in the first attempt

Inference: The successful second relight confimms that functioning of the sta rting and
ignition system in the aircraft was normal. There is no mention of the selection of aux
battery to ‘ON’ position during the air start in the relight document especially prepared
by the NAL Engine team for the sortie, indicating no requirement of the same. Also
other designers and ASTE Flight Crew were not very clear on this aspect whether aux
battery is required to be put *ON’ for cross start in air except designers from Electrical
Group.

Hence, either wrong selection of mode switch or non pre ssing of Engine start
switch to start the engine during the first relight attempt is the most probable
cause for engine not relight in the first attempt.

It is also inferred that NAL should increase the capacity of main Battery and
removing the auxiliary battery and review the electrical system of the aircraft

2.8 Probable Cause of the First Failed Relight :

After the aircraft had gone into a sudden dive and abnormal attitude, it lost height
from 9000 ft to 7000 ft and briefly stabilized. At this point a relight was attempted.
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However, the relight was not successful. It was seen from the FDR data that the Ng
had risen upto 26% RPM and then wound down. The FDR data did not have the ITT
or fuel flow. However, by interpolating the telemetry data during the link break, it
appears that there was no rise in ITT or fuel flow. The reason for the engine not
lighting up in the first attempt could be one of the following: -

(2) Wrong selection of the MODE SWITCH to MOTOR instead of START. From the

transcript, at time 00:31:47, it is seen that as there is a call for checking the Start mode
switch in Start position, the a/c suddenly yaws and dips viciously (from the pilot’s
reaction at 00:31:57). If during this time the pilot’s hand is on the Mode Switch, there
is a possibility that accidentally the switch might have moved to the MOTOR position,
thereby resulting in a false start. From the FDR data, it is seen during this period
that the Ng has risen to about 25% rpm, stabilized for about 12 -14 sec and then
again wound down, which may be indicative of a motoring action without light
up. Moreover there is no mentioning of “Engine Start switch — to Start” in the
CVR during this situation. It is quite possible engine was not started at all ie.,
ignition not started. This is clear from the no minus load current and drop in
generator voltage. And also at last moment during second attempt crew was
calling for engine start. This indicates LH engine was yet to be started.

(b} Aux Battery not changed over to ON from CHAR GE position. This is a mandatory

requirement during ground start. But not for on air start, However, in air the loads are
expected to be lower due to wind milling and hence the engine may or may not start
with Aux Bat in ‘Charge” position. This is a man datory requirement during ground
start. But not for on air start. The electrical system architecture however revealed that
Auxiliary battery ts not required for relight in air. Re-light in air will be successful
without auxiliary battery. Three internal/cross starts/ air starts are possible with the
main battery with time difference of 2 minutes in air for second start and 3 minutes in
ground. So imespective of Auxiliary battery position engine should start provided
main battery is healthy.

(c) The Fuel Condition lever was not selected ON when the Ng had crossed 13% rpm.

From the CVR transcript, it emerges that the crew was in preparation for the relight
and about to set the Start Mode switch to START position when the a/c went out of
control. Subsequently, after stabilizing at about 7000 fi altitude, they attempted to start
the engine by selecting Start mode Switch 1o the START . but no conformity of that.
From the FDR data, it is seen during this period that the Ng has risen to about 25%
rpm, stabilized for about 12-14 sec and then again wound down. The associated
parameters of fuel flow and ITT are not available in the FDR and due to a break in
telemetry link during the start attempt; the same data is not available from telemetry
also during this period. By interpolating the data before and after the link loss, it
appears that there has been no change in the ITT and Fuel Flow during this period,
indicating a dry crank, which can happen if the Fuel Conditioning Lever is not moved
forward. Also, there is no call given by the pilots also in the CVR transcript regarding
operation of the fuel lever. However, since the fuel -conditioning lever has not been
instrumented, this cannot be corroborated.

(c) From the telemetry data, it is seen that there is an increas e in fuel flow from 6 kg 10 35

kg just before the unusual situation took place. On correlating this with the CVR
transenpt, this point matches with the call of ‘BOOSTER PUMP ON’ given by the
pilot.. Thercafter, the fuel flow has been steady at this value with minor variations till
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the second relight attempt, after which it has riscn due to successful relight just before
the crash. However, the reason for this rise in fuel flow could not be established as the
fuel flow will start only when Fuel Condition Le ver is moved forward, for which
there was no call given by the pilot. It is possible that the FCL was already in slightly
forward position which allowed the fuel to flow. This fuel flow could have resulted in
a wet start in the first attempt. However, the condition was the same even during the
second relight attempt and should have resulted in a wet start again. This needs to be
reviewed in detail by the designer.

Control forces and controllability issues:

Saras is being a prototype aircraft wherein the control forces could be marginally
higher than the prescribed values of FAR-25. Fine tuning of control forces in a
prototype aircraft is a constant evolving phenomenon. In a prototype, optimization of
control forces (& controllability aspects) is a process of development through flight
testing and progressive design changes are made to meet the FAR requirements. A
number of modifications to the control surfaces to mcet these requirements are to be
continuously assessed and are planned to be flight tested in due course. During
development of a prototype, such a process is acceptable, unless perceived as unduly
higher or abnormal by the Test Crew. In which case, correction should be made prior
to further testing.

FAR 25.143,sub-section (d) stipulates the max control forces permitted for
controllability and maneuverability. As per that permissible limit of the various
control forces are given in a tabulated form for conventional wheel type controls
during the testing.

Forces in pounds applied to the control wheel | pitch roll yaw
or the rudder pedals

For short term application for pitch and roll | 75 50
control-two hands available for control

For short term application for pitch and roll | 50
control- one hand available for control

For short term application for yaw control

For long term application

As it has emerged from the CVR transcript of the 49" flight, the pilots have
commented on the excessive control forces expericnced during the asymmetric torque
conditions in OEI simulation as well as when the left engine was actually switched off.
The forces on the rudder were very high and it would have been impossible to fly the
aircraft when there is a sudden increase in the control forces both in yaw and roll
channel.

Aircraft post flight pilot report records also revealed most of the time ineffectiveness
or sluggishness of control forces and high forces were experienced by pilots. Scrutiny
of aircraft test records and various reports by Engineering team revealed that Rudder
Force feel inadequate in flight no.6. During Asymmetric Torque handling, Rudder
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Force reported heavy in {light 36. Poor Aircraft controllability during approach, flare
out & touchdown was also reported in flight no.47.

It is hence established that there are unresolved Controllability issues and high
control forces are persisting beyond the permissible limit of controllability on the
accident flight.

Investigation also established that

The rudder pedal and aileron forces during asymmetric torque conditions have been
very high and a fair amount of compensation was required to maintain the aircraft in
level flight condition. This has been brought out by the crew time and again during the
flight as has emerged from the CVR transcript of the 49 ™ flight, wherein the pilots
have commented on the lack of control margins during the asymmetric torque
conditions in OEI simulation as well as when the left engine was actually switched off.

Due to Rudder Stretch, the available full rudder deflection was expected to be ~22
degrees instead of 30 degrees. This aspect needs to be looked into as this could have
affected the safe recovery of aircraft. This could have been one of the critical factors
which affected the recovery of the aircraft during the critical phase of flight prior to
the crash.

The contro! harmony requires aileron to be least control force for piloting. However it
can be seen that the aileron forces were also very high after Np >60%The control
forces experienced by the pilots during the critical pha se, when the Np_L shot up to
100%, were extremely high and reached values as high as 75 -90 kgf in rudder pedal
and 65-70Kgf in aileron. Under such high sustained forces, it would be almost
impossible for the pilot to control the a/c. These forces are also well beyond the
permissible limits as prescribed in the above said FAR 25,143,sub -section (d)

The control calibration by the pilots with telemetry prior to take off shows that a
severe hysterisis existed in the rudder which could result in a reduction in the rudder
range of movement in one direction. This data needs further examination

It is hence clear that NAL as a designer failed to design suitable control surfaces
to attain the prescribed limit of control forces as prescribed in the FAR
25.143,sub-section (d) even after 48™ test flight and prior to formulating the
engine relight procedures in air.

Design improvement on control surfaces is hence required to be done such that
even for flight testing purpose the magnitude of forces should be such that it is
possible by the flight crew to manually fly the aircraft without getting into fatigue
level.

Similarly NAL should not look for the Maximum limit provided in the said FAR
25. Rather it should consult other aircraft manufacturing industries to explore
the convenient limit of control forces for easy controllability and maneuverability
by the pilots. This needs to be ensured by NAL on all prototypes.
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2.10  Propeller Pitch Change Mechanism.

2.11

Initially, it appeared that there was a malfunction o f the pitch change mechanism of
the propeller, duc to which the pitch of the propeller had changed from FEATHER 1o
FINE afler the Propeller lever was moved forward to fully Fine position as a
preparatory step towards relighting the engine. It was assumed t hat the pitch change
mechanism operated at pressures above 60 psi, which would happen only after the
engine had relighted and adequate oil pressure had built up in the engine oil system.
However, after discussions with the propeller manufacturer M/s MT Pro pellers,
Germany it emerged that the bchaviour of the propeller was absolutely normal and
as expected under the given conditions and selection of propeller control lever . In
case there was any residual oil pressure in the supply line and the propeller was
windmilling at that instant, then selection of the Prop lever out of FEATHER position
would releasc this pressure to the inlet of the propeller governor, which would amplify
this pressure and supply it to the feathering spring. Once the oil pressure builds up to
an extent where it can overcome the spring force, the propeller would unfeather and
gradually move towards FINE position till it reached the low pitch stop. At
approximately 35-40 deg of blade angle, the wind forces (due to the dynamics of air
speed) would start acting on the blades thereby resulting in a rapid movement towards
FULLY FINE position and rapid rise in the propeller ipm. As inferred from the
telemetry and FDR data, this is exactly what had happened and had resulted in
excessive drag due to the flat disk effect of the propeller wind milling at 100% rpm .

Prop OEM further reiterated that as a matter of normal practice, the relicht
should be done with propeller in feathered condition and the pitch lever should
he moved to FINE only after successful relicht and engine reaching the flicht idle

parameters

Propeller Windmilling drag :
No data has been provided by MT propeller as it is not available with them.

Evaluation of abnormal drag from the propeller in the windmilling conditi on neither
done by NAL nor by MT propeller before cleared for 100 hrs flight operation. There
was also no wind tunnel testing done for assessing the normal as well abnormal
behavior of propeller under various conditions including wind -milling situations and
propeller blade below PBA limit leading to Propeller windmilling drag or abnormal
Disk drag.

This drag could be due to spinning propeller at pitch angle well below primary blade
angle(PBA ic 11 deg) and lcad to the aircrafl 1o behave the way it had in the accident
flight where the propeller RPM went to 100% with engine switched off condition.

It was clarified by NAL that till PBA, drag duc to propeller is not excessive . They
said that it was experienced by them many times PBA was reached in flight,
particularly when engine was in flight idle and no adverse conditions were reported
by their crew. Therefore it could be possible that most probably the blade pitch has
gone below PBA.  However there are no recorded documents made available to prove
the above claim of NAL.

It was also clarified by NAL that as a part of engine -relight procedure given by
P&WC (Specific Operating Instructions, Model PT6A -67A, Part No. 3037028 dated
11.07.2001 and Technical Coordination Memo No. PWC065 dated 02.05.2008),
propeller lever was moved to fine pitch setting. The propeller RPM has reached more
than 90% before an attempt was made at relight. This wind milling condition of the
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2,12

propeller resulted in significantly higher drag, resulting in increased yaw and side slip.

Sideslip always leads to pitch down moment, which can be substantiated by existing

wind tunnel results on SARAS. In the usual range of stdeslip encountered in flight, the

resulting pitch down moment can be controlled with ease using normal elevator action .
The rapid increase of sideslip to excessively high value (~30 deg) in 3 seconds could

have led to severe initial nose down pitching,.

The above aspects must be studied in detail with wind tunnel tests or shop tests or both
and other relevant procedures whichever is most appropriate, including trial
assessment test prior to the next flight of Saras project.

CONDITION UNDER WHICH PROPELLER EXCEED 100% RPM

Distinction is made between Engine oil pressure and servo oil pressure. Engine oil
pressure is measured at oil sump whereas servo pressure exists at Servo pump
(positive pressure pump: in Saras installation it is a gear pump which will keep
boosting pressure that is being fed to it.). Servo pump is directly connected to
propeller shaft through gearing. Therefore, if propeller shaft is rotating, servo pump
gears will be rotating.

Propeller reaching High RPM from feathering:

Situation 1: Initial state taken is when aircraft was flying in controlled level flight

condition with LH engine shutdown, propeller in feathered condition (residual RPM ~
2% implying approximately 35 RPM), Engine oil pressure ~6 psi. This implies that oil

will be flowing to propeller system and on the way, it will go through the servo pump.

The servo pump pressure is rotating because propeller shaft is rotating but its pressure
boost has no effect, since the oil flow path is open to sump. Hence, no pressure build -
up takes place.

Situation 2: Now the situation is taken when aircraft was flying in controlled level
flight condition with LH engine shutdown, propeller in feathered condition {residual
RPM ~ 2% implying approximately 35 RPM), Engine oil pressure ~6 psi and the
propeller lever is shifted to FINE condition (flight FINE pitch, this was in accordance
with procedure published by engine OEM). Non-zero engine oil pressure (~6 psi)
means that there is small but positive pressure betng applied to input side of servo
pressure pump. Propeller lever in FINE condition is a condition that enables the
propeller to come to/remain in FINE pitch condition. In this setting, servo pump is
rotating slowly and increasing the pressure of oil going to propeller housing with each
rotation. This pressure rise per rotation is very low in the beginning. The oi! with this
increased pressure is now going to propeller housing and not being dumped to oil
sump (which was happening in situation (1). Therefore, propeller feathering spring
will feel increased oil pressure and start compressing. Consequently, propeller blade
pitch will tend to reduce and its RPM will tend to increase. (This is based on
information provided by propeller manufacturer during accident investigation). If this
process continues, propeller RPM increase will take place monotonically. At certain
stage of blade pitch angle, the “wind catches the blade’ (OEM’s phrase; within this
time engine should be started-up) and takes it quickly to higher RPM. Beyond the
stage of ‘wind caiching the blades’, propeller will be in truly wind milling condition
and start producing increasing drag (due to low blade pitch angle).
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If the engine docs not start-up, propeller is likely to go on increasing RPM till some
other mechanism controls it. Gradual RPM increase would be controlled by the
propeller governor at 100% RPM. But if RPM increases faster than response time of
propeller governor, over-speed govermnor (OSG) would come into play for
RPM=>106%. In case of Saras, OSG did function as expected and contained propeller
RPM to 109% and brought it to lower value also.

Evaluation of fail-safe engine relights procedure in air — Saras aircraft

After the unfortunate accident on ‘SARAS” PT2 prototype aircraft, extensive studies
were done on what could be a fail safe engine relight procedure in air for ‘SARAS’
aircraft which employs a free turbine engine. Detailed discussions were also held with
both Pratt and Whitney, Canada (P& W), the engine manufacturer, as well as with MT
Propeller, Germany, the propeller manufacturer. The following paragraph outlines
such a procedure .

Single Shaft Turbo-Prop Vs Free Turbine Engine

There is a subtle difference between single shaft turboprops (used in aircraft like Avro
HS-748, Dornier-228. etc.,) and free turbine engine configuration (SARAS). In the
case of former, the gas generator and propeller turbines are mechanically coupled to a
single shaft. Therefore, whether engine relight is stanier assisted or wind milling
started, it is a recommended practice 1o put the propeller in *un -feather’ position. This
has two advantages as below

a)ln case of starter assist, it prevents a very high rotational drag on the starter. If on the
other hand, the propellers are kept feathered, it may lead to starter/generator burn of
the two engines.

b)In case of wind milling start, it improves the wind milling efficiency (higher RPM)
due to finer pitch of the propeller.

Also, since all rotating masses are on single shaft, inertia is high and when fine pitch is
selected, the propeller does not go to high disking drag position immediately, allowing
sufficient time for the pilot to relight. For this reason, there is a separate unfeathering
pump in single shaft engine configurations.

However, in the free turbine configuration (which is the case with “SARAS’"), the
propeller turbine and gas gencrator turbine are only acrodynamically coupled and as a
result, the inertia of the propeller- turbine combination is relatively low. Therefore, if
the fine pitch or “unfeather’ mode is selected, there is a tendency 1o go very easily to
high disking drag situation. To avoid this and also duc to the fact that t he propeller is
not directly driven by the starter, it is recommended that engine relight in flight be
done with propeller in ‘feathering’” mode only. Also, starter assist is mandatory for
almost the whole of flight envelope except in a very small region at the high speed end
of the {light envelop where it is optional.

Propeller Feathering Operation

Following points may be noted before the operation is studied in detail:
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2.13

The oil which operates the propeller system is the same that lubricates and cools the
main engine

In the engine oil system, there is an engine driven oil gear pump

The propeller shaft has a separate gear pump which takes in oil from the engine gear
pump

Both the gear pumps are of positive displacement type

As long as pressure at inlet to propeller gear pump is above zero and wind milling is
taking place, it is possible that oil pressure at the outlet from this pump builds up over
a period of time even at very low RPM of the propeller, when selected to fine position.
This result in a closed system scenario (because the oil dumping ceases), a condition
that happens when we select “fine” or “unfeather”, position, the resulting oil pressure
goes to a very high value sufficient to unfeather the propeller.

In a normal operation, the propeller ser vo pressure acts on one side of the servo piston
against the mechanical spring force. This adjusts the pitch of the propeller for various
engine demands, by keeping the propeller speed constant.

The feathering of propeller is done through operation of the feathering valve, which is
a pilot action, when he moves the propeller lever to feathering position. The dump
valve opens the hydraulic system to dump and pressure on the servo piston falls to
dump pressure value and consequently no oil pressure build up takes place in the
propeller system.

The spring force (when feathered position is selected by the pilot) drives the propeller
to feathering mode and it remains there until the feathering valve is operated again.

The following points may be noted which can ensure fail safe engine relight operation
in air, once the propeller is in ‘feathering’ mode.

a) The feathering valve is a purely mechanical valve with a plunger and a spning; it is

pilot operated and even if its spring fails, it will remain in the dump position, which is
safe.

b} As long as the gas generator keeps running (due to wind milling) even with Ng at low

RPM of 6 to 8 percent, there will be some positive pressure at inlet to the propeller
pump; but when propeller is selected to feathering mode, oil pressure will reach the
value of dump pressure and hence can never reach a value sufficient to un -feather the
propeller

¢) The spring mechanism in the SARAS propeller servo system comprises of two co -

axial springs. This feature has been incorporated to ensur ¢ safe operation even if one
of the springs fails. Discussions with MT propeller have revealed that the reliability
level of spring mechanism is very high; they have not noticed any such failure in
service.

To summaries, it is stated that engine inflight re-start is safest when it is starter
assisted and the propeller is in *feathering’ mode. This must be a mandatory
procedure for all engine re-starts in future.

Monitoring of Telemetry facilities and FTD role:

Telemetry is an effective tool for online monitoring of prototype test {lying wherein
test crew could be wamed by the Test Director in case of any exceedences in flight
parameters or a potential hazardous situation leading to an unsafe flight condition. The
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reliability of the telemetry system has been poor in general throughout the sortie and
the auto tracking system has been unserviceable. The same has been expressed by all
designers of various monitoring groups at tclemetry station.

The tracking antenna of ASTE works in azimuthal dire ction only and in elevation it is
to be operated manually. Also the software used currently needs to be enhanced for
additional functionality. These points to be addressed prior to next Saras operation.
Even if the telemetry station were to be working tota lly in auto tracking mode, when
the aircraft makes rapid maneuvers, a mechanical tracking antenna system can never
react so fast and link break is likely to occur. This will lead to short term fluctuations
in monitoring screen display during the test flig ht. This is a known phenomenon in the
telemetry system. As long as fluctuation frequency is not too high , the parameters can
be read and test can be continued. This hence emphasizes the importance of reliable
and strong RF communication between aircraft and telemetry station, FTD desk. But
as of now RT communication is also limited and telemctry station do not have
recording of communication. The existing present system of communication between
the monitoring desks to FTD by PTT switch is not valid recordi ng system. Moreover
there is no proper logbooks/records maintained for each desk of monitoring. Hence
there is no accountability of the desk person.

Suitable advance system should be developed to resolve the telemetry issue.

The regular link breaks at the crucial juncture when the relight was being attempted;
probably lead to a lack of situational awareness at the telemetry station. Better
awareness at that point might have enabled the telemetry team to give the required
inputs to recover from the situation safely. Regular changes in the telemetry
monitoring team may result in the team not being familiar with the intricacies and
finer nuances of the test plan. Continuity, close inter-action and well-versed
communication between the trnial tcam (test crew) an d the monitoring team is essential
for the optimal conduct of prototype test flying. The aircraft OEM (NAL) needs to sct
up a system in place wherein the people in the monitoring team should be formally
trained to a certain basic level on aircraft systems as well as certain aspects of
prototype flight testing, prior to being cleared to sit in the monitoring team.

Informal training was reportedly conducted by a Sq.Ldr. of ASTE,IAF prior to 1 ¥
flight of PT1 for initial telemetry team members, including back up team. The present
team has undergone on-the-job training along with the trained team members and the
same personnel have been accepted by FTD and flight crew. But no training records
were made available. Telemetry system, its facilities and their personnel are
required 10 be brought under DGCA approval system so that the efficiency of the
system is under monitoring.

A formal training syllabus should be formulated for training of new incumbent
under supervision for a minimum sct critcria before clearing them for
independent operations. Similarly some sort of refresher training is also required to
be imparted to these personnel.

Probably frequent breaks and disturbances in the telemetry data has resulted in all the
ground telemetry monitoring group as well as Test Director missing the rise in Np L
prior to the relight attempt. The trigger for the sequence of all the events on the fateful
day has been “this unexpected increase in Np L” which was not monitored by
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concemed. Therefore, necessary up gradation or revamping is required in the
telemetry system to make it more purposeful.

Since during relight operation, the most important parameters like ITT, Oil pressure
and Ng were given full attention it was never expected that propeller will unfeather
even before engine has started and oil pressure build up.

May be due to telemetry link loss and fluctuations of parameters, the individuals
monitoring various system parameters could not appreciate the situation, including the
Flight Test Director when there was unexplamable increase in Np-L reaching 100%
when Ng was around10% and oil pressure was 6-7 psi.

However from telemetry data it is understood apart from frequent telemetry link
failure there were following abnormal situations under his close monitoring when
telemetry link was available immediately after starting of relight procedure , for which
FTD could have called off the flight test:

1. The Torque required on right engine to maintain the aircraft in stabilised level flight
condition with left engine switched off was about 90% and required about 12 — 13° of
rudder control input (up to 60% of total travel). This was higher than the predicted
value of 50-60% Torque. There was high asymmetric Torque value or excessive
rudder input could have been taken.

Aircraft crashed at 3330 secs telemetry time, Altitude: 3016°.

2. Telemetry time: 3234 secs to 3246: aircraft went into dive and loss the height from
9200’ 1o 7300°,speed gone from 125 to 181 kis, ROD : 10,000FPM(emergency ROD
3000FPM) — about 100 secs prior to crash.

3. TELE time:3273 to 3302 secs, Aux Battery current charging remained nearly Zero.,
Ng-L reducing and engine parameter showed relight attempt failed. Altitude loss
from 7050’ to 5300" with speed 130 kts. Pedal force above 60 k g reached 90. The
aileron forces were 30-40 kg.— about 60 secs prior to crash

4. Tele time 3321-3329: telemetry link restored after 17 secs from 3302. Aircraft
speed 120 kts, height 4600° and continuously reducing.

FTD has the authority to advise the aircrew to abandon any particular test, if he
considers it necessary to do so in the interests of safety. As per Annexure -1 to
appendix- C of joint Directive between NAL and ASTE,IAF , based on NO GO
Items, he could have called off or aborted the flight for the above said situations
involving telemetry link problems, abnormal aircraft  behavior or doubted towards
that, safe conduct of Test not feasible. But FTD failed to do so.

From CVR recordings it is also clear that at no time during the engine relig ht exercise
did the crew inform the Test Director regarding controllability problem. All
communication during that period was on intercom between the crew and not
transmitted to the Test Director. He was not consulted on the requirement to call off
the flight. Crew were also not responding to the doubts raised by FTD on three
occasions cven at one stage after the initiation of first relighting at about 37 secs
prior to crash. FTD also failed to call for the aborting off flight after the
abnormal telemetry link as well as abnormal flight situation including rapid loss
of predetermined height and not getting response from the pilot at critical stages.
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Similarly ASTE supervisor also [ailed in his responsibilities for flight safety in co -
ordination with FTD as the situation warranted.

It is also informed that alongwith FTD Wg Cdr Jaiswal,Test pilot -Saras,\Wg Cdr
G.Dsingh, FTE_Saras were also monitoring the flight at Telemetry. They also
failed to advise FTD for calling off the flight seeing the abnormal situation in the
monitor.

The role and responsibility of telemetry monitoring team and Test Director and
ASTE supervisor in the Saras test programme nceds to be reviewed .

CVR, DFDR and TELEMETRY Data analysis:

As the crew died in the accident and no other eye witnesses were available to ascertain
the facts of the accident the only available effective tool for investigation is
CVFDR(CVR& FDR) of the aircraft. Though the aircraft was gutted in fire the flight
recorder could be safely recovered and the data were also retricved. The other
effective means of data available for the accident is that Telemetry data recorded by
ASTE,IAF. Even though Telemetry link was intermittent especially at critical phases
of the flight, the available data was effectively corroborated with flight recorder
data/voice recordings and analysed to bring out certain salient facts of the accident.

The following are the salient annotations/ findings derived from the above
data/cockpit voice /CVFDR analysis:

There were mainly the crew concemn about control surfaces in -effectiveness and
the felt excessive drag and hence the requirement of more power.

Till 1:41min prior to crash, there have been no alarming situation in the cockpit.
With preparation for restart of left engine done up, as per procedure, the final
command of the MODE SWITCH to START has been called at the Time of § secs
before, But after that there is no call for “ENGINE START SWITCH to START.”
At 1:22min prior to crash there was an excited voice of FTE * Start..Start..Start
Engine..” At this stage aircraft lost height from 9223’ 107266’ ie almost 2000’ in
20secs. Subsequently there was a momentary control of the aircraft that was
indicated by the pilot laughing. But the height lost continued thereafier .

Alarmmn has been raised by P2 at 01: 41 min prior to crash, with the aircraft getting
in to unexpected attitude changes. There has been a large bank , side slip , pitch and
roll. The rates of these motions also remained at high level.

There has been no growth in Ng-L, indicating that the engine has not yet started. In
addition, the battery discharge call appears only about 25 sccs later. Battery
discharge call has been designed to rise along with starter motor engaging and large
current drawn.
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There has been a steep raise in Np-L, producing excessive drag. The blades cannot
be expected to go to un-feathered state with oil pressure remaining only about 5
psi. However the propeller RPM can increase only if blade pitch angle reduces and
the blades un-feathers.

The presence of higch drag effect on the left side due to disc cffect, probably
caused an upward force and consequent nose down attitude. As the right side
not having similar upward force, a case of asymmetric tail vertical load could
have caused the recorded excess roll also.

To counter the Iargely building up sideslip and course change, the crew took to the
action of throttle down the right live engine. This happened, after one or two secs,
after the first sign of emergency at the time of 1:41 prior to crash.

With reduction of thrust asymmetry, and with possibly corrective control in puts
given by the crew, the aircraft was probably momentarily brought under control, at
the time of about 01 : 24min prior to crash

The status of battery current EOP-L, Ng-L, and LC-R, together indicates that
the relight probably has not been succeeded, or could have been aborted.

With Np -L continuing in range of above 90%, during a large part of remaining
flight time, there has been, a repetitive attempt/ wrong handling by crew, with
control inputs and throttle of both the engine. There has been continuous drop of
altitude and speed.

The possible second relight attempt seems to have taken place at the time of —
26sccs prior to crash. And the growth in Ng -L, the drop in Np-L, the growth
in EOP-L and the drop in side slip, all together indicates the probable success
in this attempt,

However the fast induced variation in power on live engine, and not having
enough height, to recover, the aircraft, has de parted from the controls and
balance.

There is no planned and proper crew co-ordination between the pilots and as well
FTE. Some times commander was on control and other times the copilot on
control. Especially after the initiation of relighting procedure copilot was
cautioning the commander for his wrong handling of live right engine at least
twice at about 55 secs prior to crash when aircraft was loosing speed . Similarly at
critical stage of last moment at about 20 secs prior to crash again P2 was
cautioning the P1 * do not cut live engine™ as the aircraft was loosing height
rapidly and viciously.

For each and every stage of test procedure, role and responsibility and their
action for the situation is not proper and situational awareness and
seriousness of the action were missing. Moreover cockpit sterility is not
satisfactoryv.

About 6 mins prior to crash commander was commenting “something get
drastically wrong-something is not OK”. Pilots had not given seriousness to higher
drag than expected at that situation. About 30 secs after this doubting
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performance of the aircraft, when FTE suggested for going back to base, it is
blindly rejected by the copilot. Commander also commented “we will switch
off and later show to the Ground”. Co -pilot also hilariously telling commander
“road is there for emergency” and advised FTE for the placing readiness of
parachute for emergency, without assessing the risk of the situation.

Crew exceeded their limits and limitations of the test flight and its test poin ts
in tackling the risk. Aircraft being under experimental stage they must not
have crossed the predetermined limits and limitations . As soon as the first
relight attempt at appr. 7100° failed and aircraft started loosing the height
viciously pilot should have shut down the involved engine and aborted the
flight to come for single engine inoperative landing which they have
successfully simulated in the starting of the test ﬂi§ht. Aircraft was
continuously loosing height. But crew went ahead with 2 relight attempt at
about 5000’ which was successful just 2 secs prior to crash by the time aireraft
almost near the ground. Relight procedure was not done at safe altitude as
prefixed at 10000°AMSL

Crew were not responding to the doubts raised by FTD on three occasions
even at one stage after the initiation of first relighting at about 37 secs prior to
crash .. FTD also failed to call for the aborting off flight test duc to the
abnormal telemetry link as well abnormal flight siteation including rapid loss
of predetermined height and not getting response from the pilot at critical
stages.

Crew were not using the internationally accepted aviation language and
terminclogy. Most of the time using Hindi and that too broken and unaccepted
level creating lot of misunderstanding of the flight deck environment.

Crew never attained the flight level of 100 as cleared by radar. Maximum
reached by the aircraft was 9528°AMSL at 3min 40 secs prior to crash.
Similarly at time 09:48( about 15:25 mins prior to crash) UTC when radar
asked for the level confirmation crew gave wrong level 90 even though they
were on level 70. ATC instruction at 0942 UTC for level clearance to 100 from
5000’ was not adhered. They reached about 9236’ and then descend to 7200’
at 0948 UTC.

DFDR recording also revealed that Radio Altimeter registered erroneous
recording most of the time especially below altitude 5200° and also constantly
recorded as 2600° as Radio altitude for 3670° to 3150’ during the accident
flight.

2.15 Non- functioning of ELT:

It has been observed during the investigation ELT signal was not recorded by ISRO
satellite. Causes for the Emergency Locator Transmitter not Operating after the
Accident of SARAS PT2 Aircraft VT-XRM on 06.03.2009 has been probed.

The Emergency Locator Transmitter (ELT) used in SARAS PT2 aircraft was procured
from M/s. AmeriKing Corporation, USA (Model No. AK-450). The set is designed to
transmit at two radio frequencies, VHF (121.5 MHz) and UHF (243.0 MHz). The ELT
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is activated on impact .As per the installation procedures suggested by OEM and
guidelines in TSO C91a, all the components of ELT were installed in PT2 in the rear
fuselage (forward of rear pressure bulkhead).

The unit has a built-in G switch and the same is automatically activated upon sensing a
change of velocity of 3.5 +/- 0.5 FPS (2 +/- 0.3G), along its longitudinal axis. The
unit can be removed from the aircraft and used as a personal locating device when it is
necessary to leave the scene of the accident.

To ensure reliable operation, the equipment was inspected periodically and the internal
batteries in the main unit were replaced on 21.01.2009. Periodic maintenance was
carried out as per the guidelines of FAR 91.52 and 91.169. The co -axial connection
between main unit and antenna was checked during maintenance and found to be
good. The switch on the main unit was selected at "ARM" position. This is the switch
position to be selected at all times in normal operation. In this position, ON and
RESET functions of remote control unit located on MIP was checked and observed the
ON/OFF of LED. This is a part of daily inspection and was carrted out on 6.3.2009 as
per the laid down procedures before clearing the aircraft for flying. ELT was fully
functional at that point of time as confirmed by the approved inspector.

As stated above, the ELT unit has a built-in G switch and it is designed to
automatically activate upon sensing a change of velocity of 3.5 +/- 0.5 FPS (2 +/-
0.3G), along its longitudinal axis. During the investigation It was confirmed from
FDR investigation group that the maximum normal acceleration recorded was 2.12 G
in flight {88 seconds prior to crash) and - 6.07 G at impact. The longitudinal and
lateral accelerations were - 3.04 G at impact. With these G levels the ELT would have
transmitted signal at 121.5 MHz.

All ELTs installed on the aircraft are required to comply with current DGCA, CAR,

SEC 2, SER |, PART II. Details of capability are mentioned in CAR SEC2, SER ‘O’,

Part ILILIV,V with regard to type of operations. ICAQ Annex 10, part 3, referred in

CARs also clearly stipulate that after year 2005, all ELTs should be capable of
operating on both frequency 121.5 MHz AND 406 Miz. However this fact has been

overlooked by NAL and ELT fitted on accident Saras PT-2 aircraft was capable of
operating only on frequency 121.5 MHz.

On enquiring at the ISRO Satellite Centre, Peenya, Bangalore it is leamnt that, from
01.01.2009 the distress frequency for reception by both SARSA -T and INSAT has
been shifted from 121.5 MHz to 406 MHz and thus no signal has been recorded by
ISRO on 06.03.2009.

Also during the examination of the wreckage at site the ELT unit was not traceable.

It could have been bumt in post impact fire as its housing is not fire proof. Ho wever,
only six batteries of the ELT unit were recovered from the wreckage site. The

disconnection of antenna due to impact in the crash might also be a reason for the unit

not emitting the distress signal at 121.5 MHz, in addition to the fire that broke o ut
after the crash.

It is also understood from NAL that ELT was not installed on load bearing primary

structure as per standard aeronautical practice but installed separately on a suspended
platform attached with fuselage.
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It is hence concluded that an inappropriate selection of ELT which is not capable
of operating on 406 MHz compatible with satellite tracking system is the cause
for ISRO satellite not picking up the ELT signal.

Operation of doors by crew in emergency

During the wreckage inspection and analysis it was observed that Main door and Port
Emergency door Handle was found in Open position and stbd emergency door handle
was in closed position, affected by fire. Main door was slightly damaged due impact.
All the three doors were lying away from the main wreckage and hence not affected
with the fire except slight burn marks to port emergency door. Stbd emergency door
was not having any impact/fire damage. This has created the doubts whether the crew
operated doors in emergency or came out due to structural failure on impact.

National Aerospace Laboratories was hence asked to provide a report on the possible
failure of the main door and the emergency doors, which were found near the main
wreckage of the aircraft. Following this, a comm ittee was constituted by Head, C-
CADD comprising various experts members to look into the subject as to how the
doors came off the fuselage structure and whether or not there was any failure of
locking pins/mechanisms.

The committee examined in details the doors and the corresponding structures of the
fusclage with available other evidences. The expert committee concluded that the
integrity of the locking mechanisms of the main and the emergency doors were intact
at the time of impact of the aircraft on to the ground.

It is therefore inferred that handle positions and breakage/distortion of linkages and
doors are post impact. Moreover wreckage evidences showed that the charred bodies
of the flight test crew were on their respective seats. Cockpit voice re corder also
revealed that there is no sufficient time for the crew to attempt opening the doors. It
is hence evident that flight crew did not open the doors in emergency and came
out due impact.

Since there was no much impact damage to the doors it is highly questionable
why the doors including emergency doors came out of the fuselage without crew
operation, It could be possibly due to the weak locking mechanism of these
doors. NAL should hence improve upon the locking mechanism of these doors
including emergency doors.

Structural inteerity of Saras aircraft :

During the investigation and analysis of CVR recordings pilot called “aircraft
departed” several times prior to the crash indicating the aircraft lost complete control.
NAL was asked to assess whether any structural failure of the aircraft led to the cause
of the above complete loss of aircraft control.

Based on the nature of impact damage in the accident, HAL structure specialist along
with NAL designers studied detailed drawings and stress analysis of the following
arcas of Saras aircraft structure :

Engine mounts and engine pylon attachment to fuselage
Rear pressure bulkhead
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All door attachments and lockings
Fin attachment to fuselage
General cross section in fuselage area

It was found by the structural specialist that normal structural detail design practices
have been followed and load diffusion paths are found to be in order. Stress analysis
reports showed adequate safety margin. In view of the above findings, It is infer red by
them that the specific structural areas are safe from structural integrity point of view
for design flight envelope.

It is hence inferred that there is no in-flight structural failure of the aircraft involved
in the accident.

The rationale behind selection of 10,000 feet for the relight exercise:

NAL has clarified that how the altitude selection was done for relighting procedure. It
was clarified by them that Relight boundary given by P& WC was upto 2 maximum of
25,000 ft. and max. speed of 200 kts. Also as the fuselage was not yet pressure tested
for PT2, DGCA has cleared operation only up to 15000ft. Since this was the first test
for relight in the air, we chose both altitude and speed near the mid band of the engine
re-light envelope given by P&WC. This was to give best chance for a successful
relight, due to higher pressure and temperature.

Trial planner documents of the in-flight shutdown and relight test programme
revealed that even though the engine OEM gave flight envelope for relight operation
as maximum of 25000” and speed(EAS) 200 kts, NAL restricted this to 15000 and
200kts due to the reason that Saras PT2 is yet to be commissioned with CPCS and
ECS system. DGCA, Bangalore also cleared provisionally to operate the a ircraft upto

15000° while according the approval for the block of next 25 flights. DGCA,
Bangalore also did not fix the altitude restriction for engine shut down and relight
procedure.

DGCA had extended the flight envelope of Saras aircraft to 15,000 {t A MSL The
height of commencement of relight test point ie 9400 ft AMSL (6400 ft AGL) as

recommended by designer’s (vide relight document) and executed by [light test crew

(vide test programme of 49™ flight) did not provide the crew with sufficient height to

take safe recovery actions, incase of some unforeseen circumstances. Pratt & Whitney,

Canada as well as MT Propeller have also indicated that height selected for the tnal

sortie was inadequate in case of any emergency. This height is considered very low for
conducting a critical exercise like engine relight for the first time.

The same documents also mentioned under the heading “Flight Safety Consideration™
that minimum altitude in sector for engine shut down and relight tnals is
13000 indicated(10000° AGL) as the max. limit is 15000” indicated.

However after the deliberation on the Trial Planner CRPO,ASTE,JAF has made
remarks on 22 Jan 2009 that capability of engine on both positions for relight in air at
different altitudes above 10000°AGL(13000°AMSL) may be progressed/established.
Most of the test documents simply mention 10000 only but never mentioned whether
AMSL or AGL. Flight test schedule on 6.3.2009 of 49 ™ test flight also mentioned
under “objective” only 10000" altitude for the inflight eng ine shutdown and relight
procedure. It might be possible that Saras test team presumed wrongly this as
10000’ AMSL and fixed finally as such for the 49 ® test flight on 6.3.2009.
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CTP,IAF also commented that clear procedures for windmilling start in flight (not
Starter assisted) and all limits for the same need to be laid down by NAL in
consultation with P & W. Nowhere MT propeller was considered for discussion on the
relight procedure.

Normally all civilian transport aircraft operate safely upto 14000° wit hout any
pressurization requirement and no discomfort to its occupants. This was also not taken
into consideration while finalizing relight altitude requirements. Management
Committee(MC) of the Saras project also failed to act suitably on the issue.

Taking all the factors into account, the reason for selecting 9400 ft AMSL altitude
for the relight test profile was appeared to be inadequate for the flight crew to
take suitable recovery actions.

From the above it is inferred that the sclection of 10000°AMSL for engine shut
down and relight procedure is not prudent. It requires immediate attention and is to
be revised prior to the next flight.

Circumstances leading to the Accident:

At about 0956 UTC aircrafl reported “OPS NORMAL” at 20Nm in sector Southwest
2. This was the last contact of aircraft with radar but was in contact with FTD
telemetry desk of ASTE,IAF. After successful left engine shut down and its securing
procedure, at about 1001 UTC left engine relight procedure was initiate d at about
9200’AMSL. During the relighting of left engine, FTD desk also lost contact
with aircraft for about 37 secs. prior to crash.

CVR revealed that after shutdown of LI engine securing of engine was called
for. As per the procedure, propeller control lever was kept in “feather”, fuel
condition lever—OFF. After that, from 2:37 mins prior to crash aircraft was
prepared for engine restarting. As a pre-relight check procedure, pilots carried
out: auto feather: Off, propeller control lever: Fine, Po wer control lever : Idle,
fuel condition lever: OFF, Fuel shut off valve: Open, Booster pump: ON, ECS;
Already kept OfT, fuel low pressure warning on CWP : Off . This was carried at
about 9200°AMSL at about 1:47 mins prior to crash. At that stage FTE asked the
pilots in suspicion “what is happening” At this instant Rudder, elevator, sideslip are
all steady at the values which were maintained till then. There was no change in
Heading also. Followed this, as an engine relight procedure check, FE called for
“Engine Start Mode switch to Start”. But for this there was no action from the pilots
as hecard in the CVR. At 1:4] mins prior to crash ie., 5 sccs after the above Start
mode switch call by FE, P2 shouting in alarming tone, “......... J7 . This Alarm has
been raised by P2 with the aircraft getting into unexpected attitude changes. There has
been a large bank , side slip , pitch and roll. The rates of these motions also remained
at high level. At this stage aircraft lost height from 9223’ 107266’ ic almost 2000’ in
20secs. Subsequently there was a momentary control of the aircraft , which was
indicated by the pilot laughing. But the height lost continued thereafter. But at no
time the call was given for action “ENGINE START SWITCH to START.” At
1:22mins prior to crash (ic 24 secs afler mode switch selection call)there was an
excited voice of FTE  * Start. Start. .Start Engine..” to stanl the engine. However
CVR as well flight recorder and telemetry data did not show engine started. There has
been no growth in Ng-L, indicating that the engine has not yet started. Telemetry data
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did not show minus Load current(Lc) of left engine( negative implies current received
for starting the left engine) and drop in Generator voltage (from 28.4 to at least 22.4
volt) at any duration of first relight attempt.

There has been a steep raise in Np-L, producing excessive drag. The blades cannot be
expected to go to un-feathered state with oil pressure remaining only about 5 psi.

However the propeller RPM can increase only if blade pitch angle reduces and the
blades un-feathers. The presence of high drag cffect on the left side due to
propeller disc effect, probably caused an upward force and consequent nose

down attitude. As the right side not having similar upward force, a case of
asymmetric tail vertical load could have caused the recorded excess roll also. To
counter the largely building up sideslip and course change, the crew took to the action

of throttle down the right live engine. This happened, after one or two secs , after the
first sign of emergency at the time of 1:41 prior to crash. With reduction of thrust

asymmetry, and with possibly corrective control in puts given by the crew, the aircraft

was probably momentarily brought under control, at the time of about 01 : 24min prior
to crash.

55 secs prior to crash engine oil pressure -left increased to 56 and subsequently started
reducing to 38, ITT still 68 deg, Fuel flow remained 36, torque zero, Ng raised to 22
and started dropping to 15,Np to 83. This indicates the Left engine relighting not
successful and height continuously dropping. Right engine also brought to idle. P2
Expressing anguish on reducing power of the live engine by Pl .The status of
battery current EOP-L, Ng-L, and LC-R, together indicates that the relight
probably has not been succeeded. With Np —L continuing in range of above 90%,
during a large part of remaining flight time, there has been, a repetitive attempt/ wrong
handling by crew, with control inputs and throttle of both the engine. There ha s been
continuous drop of altitude and speed. Aircrafl lost to 5200 and speed 110kts. 33 secs
prior 1o crash , Speed reduced to 112 Kts, Height reduced to 5400 feet, E1 Ng-10%,
E2 N g-86 %, the calculated rate of descent is as high as 12000 feet per  min,. With
fast descend taking place, the crew believes here that they  have to have left engine
live to cope up the emergency.P2 and P1 raising alarm voice of drastic reduction of
speed. * speed ........... speed....... speed...... speed....” and P2 asking P1 * QOye ..
yaar.. do light up..., relight...” to relight immediately. This indicates that earlier first
relight attempt was not done successfully. 27 secs prior to crash, aircraft losing to
Height 5000 feet, excess rate of descend .panics the crew with sayings “ going
down” in exhausted voice of P2 seen here.

15 to 22 secs prior to crash P2 instructing Pl to do the action which ever is , which
has brought the aircrafi to some stable attitude when it was done earlier. Again
anguish is expressed by P2 to P lon the action of cutting off of the live engine and
stressing to keep the live engine in LIVE condition only. The second relight attempt
seems to have taken place at the time of just 8 secs prior to crash which was indicated
by Minus Le and drop in Generator voltage . The growth in Ng -L, the drop in Np-L,
the growth in EOP-L, increase of fuel flow and the drop in sideslip, all together
indicates the probable success of relighting of engine at second attempt. However the
fast induced variation in power on live engine, and not having enough height, to
recover, the aircraft has completely lost its controls and hence the pilots comments in
fully exhausted voice P1-*aircraft has departed...atrcrafl going to ground™.

During last 10 secs of the crash P1 calling aircraft departed repeatedly indicating
aircraft fully gone out of control. At the last second of their life P2 calling in
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exhausted voice* F....., F,., F., F._.™ indicating aircraft is crashing. At the same
time Battery discharge Waming coming in the background also stopped, indicating
engine relighted successfully. But the aircraft almost on ground, P1 calling * Going to
ground”. Last 5 secs prior to crash Rapid loss of height from 4300° to 3040°, speed
started increasing from 60 to 120 . Ng_L increased to 54,Np to 56, oil pressure to 79,
ITT increased to 647, fuel flow to 95, but torque started to come out of zero ,
indicating Left engine successfully relighted. Whereas on right side Ng R - 81%,Np:
86,0il pressure 118, ITT 773, fuel flow 78(came down from 336 which was
increased in the 5 secs prior to crash), torque came down to 11 from 81, PLA from 31
to almost zero. Indicating last moment try on right engine.

There is no planned and proper crew co -ordination between the pilots and as well
FTE. Some times commander was on control and other times the copilot on control.
Especially after the imitiation of relighting procedure copilot was cautioning the
commander for his wrong handling of live right engine at least twice. Crew exceeded
their limits and limitations of the test flight and its test points in tackling the nsk.
Aircraft being under experimental stage they must not have crossed the predetermined
limits and limitations for engine relight procedures .

From the preceding analysis, it is certain that engine was not relighted at first
attempt at an appropriate altitude of 10000° AMSL instead done at 7100° AMSL
and correct procedure of completing electrical start cycle and engine start cycle
was not donc by the pilots by selecting mode switch to “Start™ and pressing
“Engine Start Switch- to start™ at first attempt. Due to which aircraft behaved in
abnormal way, speed was reaching very high and losing altitude rapidly out of relight
envelope. During the first relight attempt live e ngine was also handled injudiciously
by the pilots. Aircraft viciously came down 1o about 5000°. As  soon as the first
relight attempt at appr. 7100° AMSL failed and aircraft started loosing the
height viciously pilot should have shut down the involved engine and aborted the
flight to make single engine inoperative landing, which they have successfully
simulated in the starting of the test flight. Aircraft was continuously loosing height.
But crew went ahead with 2°¢ relight attempt just 8 secs prior to crash at about
5000 which was successful just 2 secs prior to crash. Speed was almost washed
off Just 2 secs Prior to the crash and then started rising. This was again done
outside the relight envelope(speed and altitude). Even though the second relight
attempt was successful aircraft almost reached near the ground and crashed.

Absence of any emergency call from the aircraft was possibly due 1o pilot remaining
occupied in controlling the aircraft till last moment of the critical situation.

CONCLUSIONS:

FINDINGS:

1. Aircraft was duly registered in India with effect from 5.12.2006 and issued
with Certificate of registration under Category A,. Aircraft is yet to be issued
with C of A as it is still under developmental stage. 49* flight on 6™ march
2009 is the first test flight, which covered the test point of engine, relight
procedure.
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There was no evidence of any defect or malfunction in the aircraft due
maintenance, which could have contributed to the accident. There were in
general controllability issues and high control forces exist in Samas PT2
accident aircraft. There is no other known major maintenance defects or
structural defects.

Accident took place in a broad day light and Weather is not a contributory
factor to the accident.

Crew were appropriately licensed and qualified to undertake the flight. They
were also medically fit and taken adequate rest prior to operate the flight.

Test crew did not undergo approved human factors/CRM training and the
NAL/ASTE also did not ensure CRM training of the pilots/test crew before
using them.

There was no pre impact fire. All extreme ends of the aircraft were within
the main wreckage with fire damage. This indicates there is no fire or
structural failure prior to impact on ground. Aircraft did not crash on
nose and there was no forward moment of the aircraft after main plane
impacted the hard ground.

The cable run (bumnt) found running from cockpit to tail almost straight along
the axis of longitudinal direction and no discontinuity was observed. All the
three undercarriages were in retracted position and found bumnt but retained its
solidity.

Crew did not use the parachute on board as there was no time for that in the
accident situation. The crew did not operate Main doors and emergency doors
and it got opened in the crash.

Aireraft was used for {lying demonstration in Aero India 2009 show from
11.2.2009 to 15.2.2009 at Bangalore. But no DGCA permission was taken
by NAL.

There is no effective and continuous monitoring of test programme by
NAL-ASTE(IAF) Management Committee and no records of monitering
avaijlable.

NAL also subcontracted a private agency named Aircraft Design and
Engineering service Ltd,Bangalore. The work schedule of the project indicates
almost complete work of the design and development of SARAS project is
being done by the contractor, which includes flight testing analysis also. This is
not in line with DGCA approval given to the contractor that of only
giving design and engincering support to the parts and appliances.

As per agreement between NAL and ADES-subcontractors, Even though
NAL shall retain the absolute right on any patent that may be taken from
the result of the work, Confidentiality clause of the agreement did not
point out the penalty/ punishment action on the contractor under law in
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case of the pilferage or theft of any technical information such as design,
drawings, wind tunnel testing, flight tests results or any software etc.,.

There is no effective pre-flight briefing to the crew and no records available to
indicate the same on the day of accident. There is no contingency plan for
unexpected emergencies like accident, missing aircraft, loss of communication
etc.,

There is no meaningful and effective supervision and control on the Saras
project by DGCA-AED.

There is no periodic monitoring of CVR and DFDR by NAL. DFDR docs
not have critical engine parameters like engine oil pressure, ITT and fuel
flow etc to monitor these in relight procedures and the engine
performance. The elevator position reading throughout the test flight was
noisy probably due to intermittent signal loss in the data. Hence Elevator
position indication is also to be rectified.

Scveral observations made in the inspection report of Air India
cngincering team in 2009 are pending action by NAL

Aircraft was fitted with centified P&W engine . However the MT propetler
fitted is under the process of certification and is yet to be certif ied. On receipt

of the propeller and prier to use on the aircraft it was not declared FIT
by NAL.

Propeller manufacturer confirmed that Propeller control lever should be
ideally kept in “Feather™ position for engine relighting and only to move
forward to “Fine™ after successful relighting and engine attaining the
stabilized Ng at flight idle (ie 50 -55%)as per engine manufacturer,
Propeller manufacturer reiterated Again and again that the normal
procedure for the engine re-start would be with the propeller in
“feathering™ which was “Fine” in the accident flight for relight procedure.

There has been no interaction between NAL and the propeller manufacturer (MT
Prop Germany) regarding the formulation of the relight procedure as the NAL
and ASTE attention was only on engine relighting ie., presumed propeller
having no role to play. NAL at any stage did not consult MT propeller for
instruction and guidance before finalizing the engine relight procedures

It was also confirmed that as the propeller system behaved normal as seen

Jrom data (prop control full forward), there was no malfunction of the
propeller system.

There was no malfunctioning of the engine system.

Facilities, functioning and training of monitoring personnel of telemetry
system requires immediate review as there is no proper documentation of
monitoring, frequent link interruption etc.,
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a)

There is no proper recording system of RF between the FTD and the crew as
well telemetry monitoring personnel on ground. M oreover there is no proper
logbooks/records maintained for each desk of monitoring. Hence there is no
accountability of the desk person.

CVR revealed that at no time during the engine relight exercise did the crew
inform the Test Director regarding controllability problems. All
communication during that period was on intercom between the crew and not
transmitted to the Test Director. He was not consulted on the requirement to
call off the flight.

Crew were not responding to the doubts raised by FTD on three occasions
even at one stage after the initiation of first relichting at about 37 secs
prior to crash. FTD also failed to call for the aborting off flight testing due
to the abnormal telemetry link as well abnormal flight situation including
rapid loss of predetermined height and not getting response from the pilot
at critical stages,

Similarly ASTE supervisor also failed in his responsibilities for flicht
safety in co-ordination with FTD as the situation warranted.

Some Test pilot-Saras,FTE Saras were also monitoring the flight at
Telemetry. They also failed to advise FTD for calling off the flight sceing
the abnormal situation during monitoring.

There is no “challenge and response™ method formulated by NAL and
adopted by the crew for carrying out checklist procedures.,

The relight document was only vetted and approved by ASTE on 06 Mar 09
and was not sent to the engine and propeller OEMs ie. M/s P&W,C and
AM/s MT Propellers respectively for getting their comment s and guidance.

As a well established Aviation engine industry , There is a lack of clarity
from Engine OEM considering the aircraft being experimental aircraft
and NAL was in constant touch with them. P&W should have given clear
cut instruction whether to keep the propeller in “feather™ or “Fine™ for
relight procedures.

There is a Lapse of project team and Management committee(MC) in
finalizing the correct procedure for engine relight in flight.

Test documents available with NAL did not mention about aborting of flight in
case of failure of engine relight at first attempt.

“Saras specific intentional engine shut down and relight procedure™ was not
well planned and prepared and did not include the following:

There is no mentioning of role and responsibility of the individual crew, of
who will check what and who will act and respond ,etc.,
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Relight procedure checklist or its note at the bottomn does not mention how
much should be engine oil pressure. Similarly no mentioning of action on
“Engine Start Switch” only mention about Start Mode Switch.

Propeller control lever -~ fine .( as per engine OEM, any where in the
operating range). But not cross checked with MT propeller.

Since this is the first relight test procedure nowhere cautioned about
prohibition of 2™ relight attempt and that too at low flight level.

No altitude restriction was also highlighted for relighting.

It has been reported by NAL that adcquate practice of re -light dnll was done
by the test crew on ground. Dummy drills in the cockpit were also carried. But
it is not clear that whether these drills included the simulation of relighting in
air, using the internal start method. No sufficient records were made available.

NAL should increase the capacity of main Battery and to remove the
auxiliary battery and review then the electrical system of the aircraft to
avoid unwanted confusion in the operational procedures.

Control forces for rudder and aileron were very high. The rudder pedal and
aileron forces during asymmetric torque conditions have been very high This
has been brought out by the crew time and again during the flight as has
emerged from the CVR transcript of the 49™ flight, wherein the pilots have
commented on the lack of control margins during the asymmetric torque
conditions in OEI simulation as well as when the left engine was actually
switched off. NAL should not enly look at the Maximum limit of FAR 25.
Rather it should consult other aircraft manufacturing industries to
explore the convenient limit of control forces. This needs to be looked in
by NAL on all prototypes.

After moving propeller to “Fine” The propeller RPM has reached more than
90% before an attempt was made at relight. This wind milling conditi on of the
propeller resulted in significantly higher drag, resulting in increased yaw and
side slip. As inferred from the telemetry and FDR data, there was excessive
drag due to the flat disk effect of the propeller wind milling at 10025 rpm .

NAL should study this abnormal behavior of propeller leading to the
situation of disk drag effect when it is windmilling.

Technical evaluation study by NAL concluded that engine inflight re -start
is the safest when it is starter assisted and the propell er is in ‘feathering’
mode. This must be a mandatory procedure for all engine re-starts in
future.

The procedure given by P&W lacked clarity and did not give any Advice /
caution particularly with respect to free turbine configuration. This was not
clearly spelt out by Engine OEM(P&W) in their SOI for engine shut down and
relight procedure. At any stage of finalization of engine relight procedure in
flight, MT propeller had not been consulted by NAL for their instruction and
guidance. Now MT propeller also reiterated that Propeller Should be in
“FEATHER™ position for relighting of engine in air. However this should have
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been finalized by the designer ie., NAL before undertaking such critical
exercise.

During the first relight attempt, it could be possible that the start mode
selector switch was in the ‘Motor’ position instead of ‘Start’. T his
condition would result in dry motoring only (no tgnition). This would also
increase generator current by about 200 A. This is also corroborated by the
data wherein Ng increases to nearly 25% and then drops down gradually. The
Start Mode Switch could have been unintentionally deflected to *Motor’
position by any of the flight crew member duning the ensuing dive and
unsettling of crew in the cockpit (due to excessive yaw rate, sharp pitch down
and effect of negative ‘g’) caused due to spin up of propeller RPM to ~
100%..Moreover there is no mentioning of “Engine Start switch — to
Start” in the CVR during this situation, It is quite possible engine was not
started at all ie., ignition not started. This is clear from the no minus load
current and drop in generator voltage.

The successful second relight confirms that functioning of the starting and
ignition system in the aircraft were normal. There is no mention of the
selection of aux battery to ‘ON’ position during the air start in the relight
document especially prepared by the NAL Engine team for the sortie,
indicating no requirement of the same. Also other designers and ASTE Flight
Crew were not very clear on this aspect whether aux battery is required to be
put ‘ON’ for cross start in air except designers from Electrical Group.

Hence, either wrong selection of mode switch or non -pressing of Engine

Start switch or non selection of Both to start the engine during the first
rclight attempt is the most probable cause for engine not relighting in the
first attempt.

Till 1:41min prior to crash, there have been no alarming situation in the
cockpit. With preparation for re start of left engine done up, as per procedure,
the final command of the MODE SWITCH to START has been called at the
Time of 5 secs before, But after that there is no call for “ENGINE START
SWITCH 10 START.” At 1:22 mins prior to crash there was an exci ted voice
of FTE * Stan..Start..Start Engine..” At this stage aircraft lost height from
9223 to7266° ie almost 2000° in 20secs. Subsequently there was a
momentary control of the aircraft which was indicated by the pilot
laughing. But the aircraft lost height continued thereafter.

The presence of high drag effect on the left side due to disc cffect
probably caused an upward force and consequent nose down attitude. As
the right side not having similar upward force, a case of asymmetric tail
vertical load could have caused the recorded excess roll also.

The status of battery current, EQP-L, Ng-L, and LC-L, together indicates
that the religcht probably has not been succeeded at first attempt.,

With Np -L continuing in range of above 90%, during a large part of
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remaining flight time, there has been, a repetitive attempt/ wrong handling by
crew, with control inputs and throttle of both the engine. There has been
continuous drop of altitude and speed.

The possible second relight attempt seems to have taken place at the time
of 26secs prior to crash. And the growth in Ng-L, the drop in Np-L, the
growth in EQP-L and the drop in side slip, all together indicates the
probable success in this attempt. However the fast induced variatio n in
power on live engine, and not having cnough height, to recover, the
aircraft, has departed from the controls and balance.

There is no plannced and proper crew co-ordination between the pilots and as

well FTE. Some times commander was on control and other times the copilot
on control. Especially after the initiation of relighting procedure copilot was
cautioning the commander for his wrong handling of live right engine at
least twice at about 55 sccs prior to crash when aircraft was 1 oosing speed .
Similarly at crtical stage of last moment at about 20 secs prior to crash again
p2 was cautioning the P1 * do not cut live engine” as the aircraft was
loosing height rapidly and viciously.

For cach and every stage of test procedure, role and responsibility and
their action for the situation is not proper and situational awareness and
seriousness of the action were missing. Morcover cockpit sterility is not
satisfactory.

Crew were not using the internationally accepted aviation language and
terminology. Most of the time using Hindi and that too broken and
unaccepted level creating lot of misunderstanding of the flight deck
environment

At about 6 mins prior to crash commander was commenting “something
getting drastically wrong-something is not OK”. Pilots had not given
seriousness to higher drag than expected at that situation. About 30 secs after
this doubting performance of the aircraft, when FTE suggested for going
back to base, it is blindly rejected by the copilot. Comm ander also
commented “we will switch off and later show to the Ground™, Co -pilot
also hilariously telling commander “road is there for emergency” and
advised FTE for the placing readiness of parachute for emergency,
without assessing the risk of the situation,

Crew exceeded their limits and limitations of the test flight and its test
points in taking the risk. Aircraft being under experimental stage they
must not have crossed the predetermined limits and limitations. As soon
as the first relight attempt at appr. 7100° failed and aircraft started
loosing the height viciously pilot should have shut down the involved
engine and aborted the flight to come for single engine inoperative landing
which they have successfully simulated in the starting of the test flight,
Aircraft was continuously loosing height. But crew went ahead with 2 ™
relight attempt at about 5000° which was successful just 2 secs prior to
crash by the time aircraft almost near the ground. Relight procedure was
not done at safe altitude as prefixed at 10000°’AMSL
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Crew never attained the flight level of 100 as cleared by radar. Maximum
reached by the aircraft was 9528’ AMSL at 3min 40 secs prior to crash.
Similarly at time 09:48 UTC( about 15:25 mins prior to crash) when radar
asked for the level confirmation crew gave wrong level 90 even though
they were at level 70. ATC instruction at 0942 UTC for level clearance to
100 from 5000° was not adhered. They reached about 9236’ and then
descend to 7200° at 0948 UTC.

DFDR recording revealed that Radio Altimeter registered erroneous
recording most of the time especially below altitude 5200° and also
constantly recorded 2600’ as Radio altitude for 3670° to 3150* pressure
altitude during the accident flight.

ELT was not installed on the load bearing primary structure as per
standard aeronautical practice but installed separately on a suspended
platform attached with fusclage.

An inappropriate sclection of ELT, which is not capable of operating on
406 MHz compatible with satellite tracking system, is the cause for ISRO
satellite not picking up the ELT signal after the accident.

Door handle positions and breakage/distortion of linkages and doors are post
impact. Moreover wreckage evidences showed that the charred bodies of the
flight test crew were on their respective seats. Cockpit voice recorder also
revealed that there is no sufficient time for the crew to attempt opening the
doors. It is hence evident that flight crew did not open the doors in
emergency and came out due impact.

There is no inflight structural failure of the aircraft involved in the accident

Taking all the factors into account, selecting 9400 ft AMSL altitude for
the relight test profile is inadequate for the flight crew to take suitable
recovery actions, The selection of 10000°AMSL for engine shut down and
relight procedure is not prudent. It requires immediate attention and is to be
revised prior to the next flight.

It is certain that engine was not relighted at first attempt at an appropriate
altitude of 10000° AMSL instead dome at 7100° AMSL and correct
procedure of completing electrical start cycle and engine start cycle was
not done by the pilots by selecting Start Mode Switch to “START™ and
pressing “Engine Start Switch- to start™ at first attempt. Due to which
aircraft behaved in abnormal fashion, speed was reaching very high and losing
altitude rapidly out of relight envelope. During this first attempt live engine
was also wrongly handled by the pilots without following proper procedures.
Aircraft viciously came down to about 5000°AMSL.

As soon as the first relight attempt at appr. 7100*° AMSL failed and
aircraft started loosing the height viciously pilot should have shut down
the involved cngine and aborted the flight to make single engine
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inoperative landing, which they have successfully simulated in the starting
of the test flight. Aircraft was continuously loosing height. But crew went
ahead with 2" relight attempt just § secs prior to crash at about 5000°
AMSL which was successful just 2 secs prior to crash. Speed was almost
washed off Just 2 secs Prior to the crash and then started rising. This was
again done outside the relight envelope (speed and altitude). Even though
the second relight attempt was successful aircraft reached almost near the
ground and crashed.

PROBABLE CAUSE (S):

Incorrect relight procedure devised by the designer and adopted by the
crew at insufficient height leading to rapid loss of altitude and abnormal
behavior of aircraft resulted into accident.

Contributory factors:

a) Lack of crew coordination and cockpit procedures

b) Handling of the controls

c) Non-aborting of flight by the crew in coordination with the flight test
Director after failure of first relight attempt.

d) Devising engine relight procedures by NAL without consulting the
propeller manufacturer.

SAFETY RECOMMENDATIONS:

L. Saras Project shall be monitored by the high level group consisting of
eminent personnel from aircraft design, safety and operational
discipline on regular basis.

2. Any abnormality reported/observed by the crew has to be rectified
immediately prior to the subsequent flight,

3. Since Saras is the national project, utmost vigil and care shall be taken
by CSIR, India while implementing project and the concept of
employing the private contractor involving in each and every stage of
the design and development of Saras  project requires to be
discontinued immediately and only the support for the parts and
appliances shall be obtained from them. The contracting system
followed by NAL is to be reviewed by competent authority.

4. DGCA should get the project overseen regularly by team of officers
from Airworthiness, R & D and Air Safety. IAF representative may be
associated.

S. Appropriate action shall be taken on the findings pertaining to NAL,
IAF (ASTE) and other agencies.

6. NAL should explore all the possibilities of having more safer SSR

housing unit from the point of fire proof and crash proof till the Saras
aircraft is released for production flight.
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7. Synchronization of propeller control and fuel control in the cockpit
should be explored by NAL for better flight management.

8. ELTs capable of operating on 406 MHz frequency be installed for
monitoring purpose on the Saras aircraft at suitable location.

9. Suitable modifications on Saras aircraft Pitot system or Nose Landing
Gear D-Door mechanism are to be incorporated by NAL so that the re is
no mismatch of CAS between the two EFIS in flight.

10.  Telemetry system, its facilities and their personnel are required to be
brought under DGCA approval system for proper monitoring,

11.  Engine shutdown and relight procedures shall be revised taking into
consideration of all the relevant factors.

Mumbai C.P.M.P.Raju
6.12.2009 Inspector of Accident
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GLOSSARY

t:Time : secs

level

CAS L :Speed kcas
ALT L :Altitude ft
Rad_Alt :Radio Altitude ft
VG L :Nz Intermofg
HDG_L :Heading deg

Lwd

HDG R :Heading deg

VS :vertical speed ft/min
Stick :control column deg
St_Ail :Wheeldeg

RudPed :mm

Elev :surface deg

Ail L :surface deg
Ail_R :surface deg
Rud_Pos :surface deg
Rud_Tm crudder tim  deg

AIL ™™ :Aileron trim  deg

P Tm :;pitchtrim deg
bank :bank angle  deg

PR :Pitch rate deg/s
YR :Yaw rate deg/s
Aviation

RR :Roll rate deg/s
PA :pitch attitude deg
Boom_AOA :Angle of attack deg
Boom_SS :Side slip deg

Boom_Specd: kcas

FQty L :Fuel quantity kg
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UTC
BIAL

FTD
NM

PBA

AMSL : above mean sea
AGL :above ground level

FL : flight level

Kts  :Knots

: Universally coordinated time

: Bangaluru Intemational airport

: Flight test director
: nautical mile

L : left

: right

FF : fucl flow
EOP
CAS
OEI

: engine oil pressure
: calibrated airspeed
: one engine inoperative
s,secs : seconds

: primary blade angle

ASTE : aircraft and system testing

establishment

C-CADD: centre for civil aircraft design

and development

DGCA : Director General of Civil

AZ
EL

LAT

: aznmuth
: elevation
OPS

: latitude

: operations

LONG : Longitude
PFPR : post flight pilot report




FQty R
Gen_ L
Gen_R
HydPr
FFlow_L
FFLOW_R
NG L
NG_R
NP_L
NP_R

OIL T L
OIL TR
PLA L

:0il temperature, left

:Fuel quantity kg

:generator, leftvolt

:generator, right volt
:Hydraulic pressure  bar
:Fuel flow, leftkg/hr

:Fuel flow, Right kg/hr

:gas generator, left %
.gas generator, right %
:propeller rpm, left %
:propeller rpm, right %

deg

:otl temperature, right deg

:power lever angle, left

operating tnstruction

PLA_R

:power lever angle, left

operaling instruction

EngOilP_L
EngOilP_R

Torq L
Torg R
ITT L
ITT_R

:inter turbine temperature

‘inter turbine temperature

:Engine oil pressure, left, psi

:Engine oil pressure,right, psi

:torque, left %

:Torque, right %

deg C
deg C
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CVR : cockpit voice recorder
D/FDR: digital/flight data recorder
LH  :Lefthand

RH  :right hand

ATC : Air traffic control

min/s : minute/s

ELT :emergency locator transmitter
ATR : action taken report

KIAS : knots indicated air speed
OEM : original equipment manufacturer
PTT : presstotalk

prop : propeller

deg SOI  :standard

deg SOP :standard

ft feet

RPM :revolution per minute
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2011 Antonov An-148 crash

From Wikipedia, the free encyclopedia
Jump to: navigation, search

2011 Antonov An-148 crash

C aweeo— o Al

An Antonov An-148, similar to the accident

aircraft.
[ TAccident ot Ty ]
Date 5 March 2011
Type Structural failure of wing in flight
Garbuzovo, Alxeevsky Region,
Belporod Oblast, Russia
Sit S0°28°30"N 38°44'30"E /
e 50.4750°N 38.7344°ECoordinates:
SOP2R 30N 3843307/
S0.4750°N 38.7144°E
Crew 6
Fatalities 6
Survivors 0
Aircraft type  Antonov An-148-1001%
Antonov / Voronezh Atrcraft Joint
Operator

Tail numher
Flight origin

Destination

On 5 March 2011, an Antonov An-148 crashed at Garbuzovo. Alxeevsky Revion,
Belgorod Oblast, Russia, killing all six crew, The aircraft was operating a test flight prior

Stock Company
61708

Pridacha Airport, Voronezh, Russia

Pridacha Airport, Voronezh, Russia




to delivery to the Mvanmar Air Force. Witnesses reported that a wing detached from the
aircraft in flight.
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Alrcraft

The accident aircraft was Antonov An-148-100E.M ¢/n 41-03 17 carrying test
registration 61708. The aircraft was operating its 32nd flight 1)

Accident

The atrcraft was operating a test flight from Pridacha Airport, Voronezh, Russia,"! when
it crashed at Garbuzove, Alexeevsky Region, Beleorod Oblast ' some 560 kilometres
(350 mi) south of Moscow, and 160 kilometres (100 mi) east of Belgorod 5! The
accident occurred at 11:05 local time (08:05 UTC) and the aircraft was destroyed in the
subsequent fire. Witnesses stated that a wing had separated in flight. Russia’s Ministry of
Emergency Situations (Russian: MUHHCTEPCTBO MO 4Ype3BLMaiibIM CHTYAUHAM)
confirmed that there was wreckage in two separate locations, 3 kilometres (1.9 mi) apart.
Further wreckage was found between the two sites. This included material identificd as
coming from the cabin of the aircrafi. A photograph of the wreckage away from the main
crash site apparently shows a horizontal stabiliser.l The Antonov An-148 had only just
been granted extended certification. The accident has been compared 1o the December
2002 crash of an Antonov An-140 in Iran.*! The six people killed were four Russian and
two Burmese citizens.!')

Investigation

Ministry of Industry and Trade of the Russian Federation (Ministry of Industry of Russia)
(Russian: Muuucreperso npoMbILLIeHHOCTH H Toprorau Poccriickoii Deepains
(Muunpomtopr Poccii)) have opened an investigation into the accident. ! A criminal
investigation was launched by Russia's Investigative Commitiee (Russian:
Caeacrrennstii komutet Poceniickoit ®enepainnn) to decide whether violation of flight
regulations occurred, leading to charges of negligent homicide.l” The first meeting took
place on 6 March.!! The flight recorders were recovered from the wreckage.'" The




wreckage of the aircraft is to be transported to VACQ (Russian: BACO) in Voronezh for
examination. Information from the recorders should be available to the investigation by
12 March.!'J

Preliminary examination of data from the Flight Data Recorder shows that the atrspeed
indicator failed, showing too low an airspeed. In response to this, the pilots increased the
speed of the aircraft past V., and the aircraft then broke up in flight.'=} Amongst the
areas being covered by the investigation are pilot error and fuel quality. There was no call
to ground the An-148 following the accident.!!
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Antonov An-148 Crashes In Russia.
Air Transport Intelligence (3/5, Kaminski-Morrow) reported that despite "sketchy” information, an Antonov /
crashed in Russia, "the first involving the newly-developed regional twinjet, deliveries of which only started
for the plane. Another Air Transport Intelligence (3/5, Kaminski-Morrow) article reported, "The loss of the a

reminiscent of Antonov's previous airliner programme, the An-140 turboprop, an early production example
based manufacturer KSAMC's test pilots - crashed in Iran in December 2002."
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Solar Impulse Preparing For First International Fligh
The AP {4/28) reported the Solar Impulse team is "preparing their solar-
flights will be made from Switzerland to Belgium and France. A
first cross-border flights depends on the team receivin

{ month.” The
rsday the success of th

ered plane for its first international flight
orschberg, a Solar Impulse pilat, "said
orization from national authorities.”

New Drones Could Drop

Adam Rawnsley at the Wired (4
could covertly drop a my
calls the uses liste
Rawnsley a
ar

t to Help Track People.

"Danger Room" blog wriles the US Air Force

ued a call for help making a miniature drone that
ous and unspecified tracking 'dust’ onto peapl owing them to be tracked from a distance.” Rawnsley

w7 the request “random” but noted it is likely has "tatlo with painting a target on the backs of tomorrow's lerrorists.”
commented that this request "may be a signal that the smart-dust lechnology is at least feasible enough to plan a vehicle

Prototype Hindustan Aeronautics Trainer Crashes.

Elight International (4/28, Rao) reported, "A prolotype of the Hindustan Aeronautics HJT-36 Sitara intermediate jet trainer has crashed
during a routine test flight over a sparsely populated area in the south Indian state of Tamilnadu.” Reports say the pilols ejected
successfully. The article noted "the development schedule of the HJT-36 has already been delayed because of the need to replace the
design’s onginal Snecma Larzac 04H20 engine with an NPQ Saturn 55 powerplant.”

Babbitt Rejects Napping During Shiff.

-visionary jabbershop and seminar-fest set up al NASA Ames a couple of yean
ago. ... ) Space University, philanthropist entrepreneur Naveen Jain, and Barney Pell = Chir

Architect of Bing Loca! Search.” 7/
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By Jay Menon jaymenon68@gmail.com
NEW DELHI

Hindustan Aeronautics Ltd. (HAL) trainer jet crashed Thursday in
Isouthern India during a routine sortie barely a week after an advanced |

helicopter, also developed by the state-owned company, went down ne;
lthc Indo-China border.

"The intermediate jet trainer [IJT], prototype aircraft S-3466, was carry
out routine flight testing when it met with a mishap in the afternoon. B¢
— fof the test pilots onboard ejected safely,” HAL says in a statement. The
company has begun an accident investigation.

The IJT was designed and developed by HAL to replace its Kiran aircraft. The IIT is the Stage 2 trainer for the
Indian air force and is fitted with the Russian AL-55 [ engine.

The air force trains pilots in three stages using different aircraft. In the first stage, primary training is on a simj
HAL HPT-32 propeller aircraft, while Stage 2 is undertaken on a basic jet with a higher degree of complexity
enable the trainee to master flying. Stage 3 is conducted on an advanced jet trainer.

On April 21, the Dhruv advanced light helicopter crashed in Sikkim in northeastern India killing four Indian a
personnel. The aircraft was flying at 15,000 fi. Bad weather was given as the reason for the crash.

I "w,'“ar, — L
(Y McGrow-HIR {Enpaatet 7

Copyright © 2011 Aviation Week, a division of The McGraw-Hill Companies.

All rights reserved. Terms of Use | Privacy Polcy




	2005PilatusP21
	F.T. Accidents 8_Scrub

