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National Transpnrf~n Safety Board
Washing!!!:!::!!!!lc 20594
Brief of Accident
Adopted 10/27/2005
LAX04FA057
f'ile No. 18490

1214/2003

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

Wing Aircraft I D-1
Lycoming /10-320-BIC
Destroyed
2
None
Instructional
Part 91: General Aviation

Last Depart. Point: Mojave, CA
Destination: Local
Airport Proximity: Off AirporVAirstrip

Pilot-in-Command

Age: 59

Certificate( s)/Ra ling (s)
Airline Transport; Commercial; Multi-engine Land; Single-engine Land
Instrument Ratings
Airplane

Rosamond, C~

_

Aircraft Reg NO.H8602J
Crew
Pass

__ Iime (Local): 08:54 PST_ _

Fatal

Serious

Minor/None

2
0

0
0

0
0

Condition of Light:
Weather Info Src:
Basic Weather:
Lowest Ceiling:
Visibility:
Wind Dir/Speed:
Temperature ("C):
Precip/Obscuration:

Day
Weather Observation Facility
Visual Meteorological Cond
None
10.00 SM
Unk/Nr
6
No Obscuration; No Precipitation

Flight Time (Hours)
Total All Aircraft:
Last 90 Days:
Total Make/Model:
Total instrument Time:

5763
51
122
Unk!Nr

Following maneuvers during an instructional flight under visual meteorological 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 altitude 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 multlengine airplane, with a flight
time of 1.2 hours. His total flight time was about 1,531 hours with the majority 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 model 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 to which pilot may have been manipulating the controls at the time of the departure from controlled flight.

Brief of Accl~r"ftt<continued)
LAX04FA057 •
File ~o._1.S49__,0.___ __
Occurrence #1:
Phase of Operation:

1214/2003

_ _ Rosamond, CA .. _______

Aircraft Reg No. N8602J __ --~Time {Local): 08:~_F>§T~--

LOSS OF CONTROL- IN FLIGHT
MANEUVERING

Findings
1. STALL - PERFORMED- FLIGHTCREW
2. (C) AIRCRAFT CONTROL- NOT OBTAINED- PILOT IN COMMAND
3. (C) STALUSPIN -INADVERTENT- FLIGHTCREW
Occurrence #2:
Phase of Operation:

IN FLIGHT COLLISION WITH TERRAIN/WATER
DESCENT- UNCONTROLLED

Findings
4. TERRAIN CONDITION- GROUND
Findings Legend: (C)= Cause, (F)= Factor
·----·-·--

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

Printed on 11/112005
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Printed on 8/8/2005
NTSBID:

Aircraft Registration Number. N8602J

LAX04FA057

Occurrence Date:

Most Critical Injury:

12/4/2003

Occurrence Type: Accident

Investigated By:

Fatal

NTSB

L ocationmme
Nearest City/Place
Rosamond
A irport Proximity:

State

Zip Code

CA

93560

Local Time

Time Zone

0854

PST
Direction From Airport:

Off Airport/Airstri Distance From Landing Facility:

Aircraft Information Summa
A ircraft Manufacturer

ModeVSeries

Wing Aircraft

s ightseeing Flight:

Type of Aircraft
Airplane

D-1
No

Air Medical Transport Flight:

No

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

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 Vmc 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 tum.
PERSONNEL INFORMATION
-nstructor.
\,

A review of Federal Aviation Administration (FAA) airman records revealed the instructor held an airline
{Continued on next page)

FACTUAL REPORT- AVIATION

Page 1

·•-•pa:•-~"'

NTSB 10:

LAX04FA057

Occurrence Date: 12/4/2003
Occurrence 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 repo"rted 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 school. 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-8NC (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 airman 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.
tiRPLANE INFORMATION
lhe accident airplane was a Wing D-1, serial number 9.

The airplane was manufactured by Derringer.
(Continued on next page)
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Occurrence Date: 12/4/2003
Occurrence Type: Accident

Narrative (Continued)
Emerald Enterprises LTD currently 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 airframe 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 I0-320-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 I0-320-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
Ill( mph) indicated airspeed in the clean configuration, and 72 mph with the gear and flaps extended. Aerobatic
..-naneuvers, 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, lAS
15 degrees Angle of Bank
81 mph
30 degrees Angle of Bank
86 mph
45 degrees Angle of Bank
95 mph
113 mph
60 degrees Angle of Bank
Flaps Down (Power off)
0 degrees Angle of Bank at 72mph, lAS
15 degrees Angle of Bank
73 mph
30 degrees Angle of Bank
77mph
45 degrees Angle of Bank
86mph
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
ircular 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)
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Occurrence Date: 12/4/2003
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 turned to the off position. The
landing gear selector was in the down position and displaced slightly right. Both control 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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LAX04FA057

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 lnHg.
MEDICAL AND PATHOLOGICAL
The Kern County Coroner completed autopsies on the instructor and the student.
toxicological tests which were negative for drugs of abuse and alcohol.

They also performed

The FAA Toxicology and Accident Research Laboratory performed toxicological testing of specimens from the
•nstructor and the student. According to the postmortem toxicology report, results for the student were
_,egative 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 mg/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 ethanol 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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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 retums 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.
---rhe 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 tumed 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 tums 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.
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Occurrence Date: 12/4/2003
Occurrence Type: Accident

Landing Facility/Approach Information
Airport Name
Airport ID 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
Wing Aircraft

Serial Number

Model/Series

9

D-1

Airworthiness Certificate(s): Normal
Landing Gear Type:

Retractable - Tricycle

Homebuilt Aircraft? No

I Number of Seats:

~ineType:

ciprocatinQ
-Aircraft Inspection Information
Type of Last Inspection

Date of Last Inspection

Annual

Yes

I ELT Operated?

I

Time Since Last Inspection
7.4

05/2003

-Emergency Locator Transmitter (ELT) Information
ELT Installed?

LBS Number of Engines: 2
3050
Rated Power:
Model/Series:
10-320-B1C
160 HP

Certified Max Gross Wt.
Engine Manufacturer:
LvcominQ

2

Hours

Airframe Total Time
936.6

I ELT Aided in Locating Accident Site?

Yes

Hours

No

Owner/Operator Information
Registered Aircraft Owner

Street Address
802 N. West Street
State
City
Wilminqton
DE
Street Address
1039 Fliohtline #72
State
City
CA
Moiave_
Operator Designator Code:

DAC Holdings, Inc.

Operator of Aircraft
National Test Pilot School
Operator Does Business As:
-Type of U.S. Certificate(s) Held: None_

Zip Code
19801

Zip Code
93501

Air Carrier Operating Certificate(s):

IOperator Certificate:

-erating Certificate:

Regulation Flight Conducted Under: Part 91: General Aviation
Type of Flight Operation Conducted: Instructional
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Occurrence Date: 12/4/2003
Occurrence Type: Accident

First Pilot Information
Name
On File
Sex: M

Airline Transport; Commercial

Airplane Rating(s):

Multi-engine Land; Single-engine Land

Rotorcraft/Giider/LTA:

,..

Instructor Rating(s):

None

I Current Biennial Flight Review?

Type Rating/Endorsement for Accident/Incident Aircraft?

j Medical Cert. Status: Valid Medical-w/ waiversnim.

Medical Cert.: Class 2

AJJ AJC

Tfight Time Matrix
Pilot In Command(PIC)
Instructor
Last 90 Days
Last 30 Days
Last 24 Hours

59

None

Instrument Rating(s):

::::::Jtal Time

Age

ICertificate Number. On File

I Principal Profession: Occupational Pilot

Certificate(s):

Date of Birth

On File On File

On File

I Seat Occupied: Right

Seatbelt Used?

State

City

5763
4685
2985
51
18
1

Yes

This Make
and Model

122
121
100
24
5

Airplane

Single Engine

1693
1376
865
27

4

I Shoulder Harness Used?

Airplane
Mutt-Engine

4070
3309
2120
24
14
1

Night

Date of Last Medical Exam: 01/2003

Instrument
Simu~htd

Actual

Rototeraft

Glider

Light•
Tl\a,n AJr

1146
1136
593

Toxicology Performed? Yes

Yes

01/2003

ISecond Pilot?

Yes

Flight Plan/Itinerary
Type of Flight Plan Filed:
Departure Point I
Mojave
Destination I
Local Fliqht

•VFR

I
State

Airport Identifier Departure Time Time Zone

CA
State

MHV
Airport Identifier

0832

PST

MHV

Type of Clearance: NnnP.
Type of Airspace:

ClassG

Weather Information
__Jrce of Briefing:

Unknown

Method of Briefing: Unknown
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Occurrence Date: 1214/2003

N

Occurrence Type: Accident

Weather Information
WOFID

Observation Time nmeZone
0856

WJF

WOF Distance From Accident Site Direction From Accident Site

WOF Elevation

PDT

2348

Ft. MSL

10

Sky/Lowest Cloud Condition: Clear

Ft. AGL

Lowest Ceiling: None
Temperature: 6

oc I Dew Point:

Wind Speed: 0
Visibility (RVR):

Ft.

Ft. AGL

oc

-6

I Visibility:

NM

Deg. Mag.

239

Condition of Light: Day
SM

10

Altimeter:

30.19

Density Altitude:

Wind Direction:

Gusts: 0

Weather Condtions at Accident Site: Visual Conditions

Visibility (RW)

SM

"Hg
Ft.

Intensity of Precipitation:

Restrictions to Visibility: No Obscuration; No Precipitation
Type of Precipitation:

Accident Information

I Aircraft Fire:

Aircraft Damage: Destroyed

~~~·

ov

I Aircraft Explosion

None

None

U.S. Registered/U.S. Soil

-Injury Summary Matrix

Fatal

Serious

Minor

Nona

TOTAL

First Pilot
I Pilot
I Pilot
Flight I

1
1

1
1

2

2

2

?
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At 08:321ocal 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 disappeared from Joshua
Approach radar at an indicated altitude of31 00 feet MSL. The ground
elevation at that location was 2650 feet MSL. They bad not been in
contact with Joshua Approach and there was no distress call heard by
other aircraft or ground stations. No witnesses reported seeing 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 cremnember to reach the Derringer found
both pilots with fatal injuries. The aircraft crashed in an uninhabited area
of the desert. 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.
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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
Date
Vehicle
NTSB No.
Investigator

: Rosamond, California
: December 4, 2003
:Wing D-1
: LAX04FA057
: 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 II
Supervisory Metallurgist

Dunks Krlsti
Eick Donald
Friday, December 12, 2003 3:45AM
Eick Donald; Dunks Kristi
RE: LAX04FA057 Mojave, CA

~rom:

--Sent:
To:
Subject:

--<lriginal Message-Eick Donald
Thur.day, December 11, 2003 4:19PM
To:
0\Jnks Kristi
Subject:
LAX04FA057 Mojave, CA

From:
Sent:

Upper Air Data
The closest upper air data twas able to obtain was from San Diego/Miramar (KMYF), located approximately 120 miles
southeast of the accident site. The 1200Z sounding on December 4, 2003 provided the following data:
Altitude 1!1-ms!l Wjnd ldeg/klsl T ICl Td ICl
1,000
135/03
10.7
7.4
2,000
115/04
14.8 -4.6
16.1 -15.7
3,300
080/04
4,000
060/04
15.1 -20.0
5,000
040/05
13.8 -25.1
5, 700
020/05
12.4 -30.3
6,600
345/06
12.0 -33.0
7,400
315/08
12.0 -34.6
The sounding basically indicated wines light and variable below 6,000 feet with winds below 10 knots through 8,000
feet. I also looked at Vandenburg AFB and they also agreed, however I could not print them out due to formatting
errors 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 (ASOS) and
reported the following condttions surrounding the t1me of the accident. Winds calm, visibility unrestricted, and skies
clear below 12,000 feet, and tempera lures above freezing ranging from 2 to 10 degrees Celsius.

METAR KWJF 041556Z OOOOOKT

lOS~!

CLR 021),106 A3017

METAR KWJF 041656Z OOOOOKT

lOS~!

CLR 061),106 A3019 R~!K A02 SLP236 T00561056

METAR KWJF 041756Z OOOOOKT
21028 51010

lOS~!

CLR 101),106 A3019 R.\IK A02 SLP234 T01001056 10100

If any additional information is needed please ad\'isc.
Don Eick

R~IK

A02 SLP230 T00171056 FZRANO
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Observations for MOJAVE, CA (MHV)
~KMHV

KMHV
KMHV
KMHV
KMHV
KMHV
KMHV
KMIIV
KMHV
KMHV
KMIIV
KMHV

041751Z
0416457
041SSOZ
041450!
0400501
032345Z
032245l
032150Z
0320451
031952l
03Jli46Z
031746Z

OOOOOKT
OOOOOKT
OOOOOKT
OOOOOKT
OOOOOK1
06005KT
OOOOOKT
040!0KT
03010KI
03010KT
02008KT
OOOOOKI

FEW200
FEW200
rEWlOO
FEW200
BKN200
BKN200
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BKNZOO
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10/ A!01'l
081 A30lf
16/ A3010
17! A3010
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16/ A3014

RK~?OO
405~1 8~~200
40SM ~KN200

14/ A3020

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

17i

A~010

!71 A3012
!Gt i\3016

13/ A302.?

R~!K

lAST

'

__j

,.

·-.

...

-,

. ..... ~~·

'i.,

'

... '

... -.,.
-

.

t '
'·~.

\ '.
\

-' '

\

\

,..

,,

~ ~
. (·•.:. ;.~ .•. ~.
• '~L':-'
• L

:

:

•

;

'

< .,

. _,,,,'
l_T.-.:•.
.·~/t;~_·

,,

:-.

....'

''

\

j

'

·..

'·; ;.

·•rw
;i

.

'

.

.

.··•-

• ,,

t' '
:1

i

l'

:'

-'

'
i l··',' 'i,.
'···-' '

,;.!'

:)

'

.

I

. ..... /~.
. I··.,, fl

j , .

f,' J
!

t '¥

.'

• i'
.. , . .,
.,

~-''~-'i,:

(

"
t

.'

, \ '•
.lo("....

l I 1 ,.

';

~

·'· , I

:,lA!f :J."'; _
J".!•'t .· : IrfI •)'·/.!,.~I
I .'
,,
!.·
>. r.; . .I,'I '.. .,, ....

..

~ ! ',:
,,,,

•.• ·.!
~

,,..,

l'_,:;.

•..

'·

'

'

I

~.a

'

..~l

., {

_~/

ll

-~~

·'

·'
.i,:

,.
'.

j

'-''''""'·~·. :f,

.

' ...

..

!

·. ..~

...

...

···.·
r

.' •.

~

'
_·

~

. .1

'J

• '

..' '

,.

Analysis of Radar Data
Derringer D-1
N-8602J
By
Sean C. Roberts
National Test Pilot School
Mojave, CA

For
N.T.S.B.

19th August 2004
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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 4th 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 I to 2 nautical miles. fndividual test points are identified for each
element ofthe 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 ft 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.

4

Analysis of the Radar Data Supplied by Joshua Radar
for the Derringer D-1, N-8602J
by Sean 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 aircraft typically conducted a training flight
The flight under investigation was a familiarization flight for the student test pilot and his first
flight in the aircraft. The mission card for the flight is attached in Fig. I and shows that the flight
consisted of level flight performance, a stall series, a V..,.. 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 sequence 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.

5

Flight Path Analysis
Initially perfonned in January '04 and finalized in August '04
2.1 The take-off time of the Derringer was 0832local 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 (I 00.0 KTS) is one (I) minute.
2.3 CLIJI.ffi
The climb rate at II S MPH at 2500 RPM and 25 ins of manifold pressure (MP) is approximately
800FT/min.
ESTIMATED DATA
The (AT) from 3000 to 6000 ft = 3000 = 3.75 MINS
800
The distance in the climb (AS)= VrnuE =

1

(AT)= 7.1 NM

(Assuming a standard day and an average altitude of 4500 fl.)
Time of day (TOO) at the top of the climb estimated at 0837 HRS.
(1637 HRS Zulu)
RADAR DATA
The radar true airspeed was approximately I 08 KTS.
The radar distance (AS) was 6. 75 nautical miles (1\.'1\f}
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. I at 0837 HRS.

6

2.4 CRUISE DATA
It 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) V;= 140 MPH at 6000 ft,

1'7 = 134 KTS,

t.T=2.0MIN

t.S=4.5 NM

(b) V; = 120 MPH at 6000 ft,

Vr= 116 KTS,

t.T=2.0MIN

t.S = 3.9 NM

V7 =99KTS,

t.T=2.0MIN

t.S= 3.3 NM

V7 =90KTS,

t.T = 2.0 MIN

t.S

Vr= 85.9 KTS,

t.T = 2.0 MIN

t.S = 2.9 NM

IOMIN

17.6 :-JM

(c)

J~=

IOOMPHat6000ft,

(d) V,= 90 MPH at 6000 ft,
(e)

I~=

85 MPH at 6000 fl,

Totals

= J.ONM

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 plot shows the D-1 Aircraft is level at radar point I at 5700 ft or at the estimated point
(3E) at 6,000 Ill/,. At point (3E) the aircraft starts a tum to the right at 85-90 KTS (Radar 88
KTS and 5,700 ft) to a heading of030°.
The estimated time of the tum is one (I) minute.
The estimated time at point (4E) is 0848 hrs local.
The indicated airspeed (V;) of95 l\fPH as per the night card equates to 82.6 KT

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

~~and

88

7
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 (I) KT/sec bleed rate from
1.3

v..a~J.
Stall speed (V,) = 74 MPH (64 KTS)
~T=22

Sees

~S=0.5NM

Also, the aircraft would be descending about 1,000 ftlmin.
:. Height loss/stall= I 000 ft X 22 = -367 ft.
60
2.5 (b) The second clean aircraft. idle power stall most likely by the student, occurs at point (5E)
which shows a right wing drop and recovery.
~T=22secs

~S=0.5NM

MI =-367ft.

This puts the aircraft at approximately 5,266 ft. The radar puts the aircraft at 5,200 ft.
Power is added and the aircraft climbs back to 6000 ft J/1 (5700 ft radar). Estimated rate of climb
(ROC) is 700 ftlmin, :. ~H =734ft,

~T

= 1.1 min, Vr= 90 KTS,

~S

= 1.7 NM

The top ofthe 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) TIJRNING STALLS

I. IDLE POWER
Vrnm 95 MPH,

V=

I 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

8
1'1T about 22 sees/stall
/'lH per stall -366ft.
Climb back up to 6,000 ft H, @ 700 ftlmin gives 1'1T = 1.1 min.l'lS = 2.0 NM : Flight Path
essentially towards the west the climb is completed by point (7E)
Estimated local time 0851 hrs.

II 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, IS" 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 of5,800 ft.)
At a bleed rate (V) ofJ kts/sec about 9 sees/stall and allowing 10 sees between stalls
1'1T = 30 sees. Stalls completed at point 8E, aircraft at 6,000 ft (5,800 ft 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 l..1s (90 mph) most likely to reconfigure the aircraft in
the power approach configuration i.e. landing gear down. naps full. The aircraft speed was then
increased and the aircraft turned to a northerly heading. Estimated local time at point (I OE) is
0853 (16.53 Zulu).

2.5 (d) LEVEL FLIGHT POWER APPROACH (PA) CONFIGURATION STALLS
I~"'" 90 MPH. airspeed bleed rate U;) of one (1) KT/scc.

Point filE) 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

9

change to the right. The aircraft 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

fl H. (5700 ft 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 (J4El in which the aircraft turned to the right. was recovered. and then
stalled again at point (15E). The (IS E) point would seem to be where the aircraft departed
controlled flight with a spin to the left Map J Radar data.
The next radar hit is point (J6E) where the radar altitude is 5,200 ft or 5500 ft 11, indicating that
by the time point (16E) was reached. the aircraft most likely had completed I Y. turns in the spin.
Point (J 7E) 4. 5 sees later than point ( 16E) at 4,500 ft radar altitude shows that the aircraft lost
700ft in 4.5 sees and most likely had turned about I Yz to I :V. turns in the spin.
Point (18El is 4.8 sees later than !>Qint (17E) and at 4,000 ft radar altitude which is most likely
I Yz turns of the spin.
Point (19E) is 4.78 sees later than (18E) and 500ft lower at 3500 ft most likely I Yz turns.
Point (20E) is 4.8 sees later and 600ft lower at 2900 ft indicating about I '12 turns.
The impact point (21E) is within 0.15 NM from last radar hit and probably took another tum 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 ft.

10

3. Comments
I. The reconstructed 11 ight 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 ftlmin. 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) J.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 JP 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

11
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 aireraft again, perhaps inadvertently or
deliberately to see the stall again. On the second stall the 1P 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 (ISE) 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.e. language skill deficiency) or stubbornness or
aggressiveness by the student, he did not relinquish the flight controls and put the aircraft into a
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 otT 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"f have it". The
answer is no. The instructor pilot had flown this mission with the author who checked him out

12
on the aircraft 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.

13
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NORMAL PROCEDURES

PREFLIGHT INSPECTION (COCKPIT & EXTERIOR)
I.
2.
3.
4.

Canopy- Open
Fuel Shutoff Valves- On/On
Landing Gear Lever- Down
Battery Switch- On
5. Flaps- Dov.n
6. Exterior Lighting- On and Check
7. Battery Switch - Off
8. Left Wing Flap- Visually Check
9. Left Fuel Cap- Remove & Visually Check Fuel
10. Left Fuel Sumps- Drain
II. Left main Gear!fire- Visually Inspect
I 2. Left Engine- Check Oil, Cowl, Prop, Etc.
13. Nose Gear/fire- Visually Check
14. Right Engine- Check Oil, Cowl, Prop, Etc.
15. Right Main Gearffire- Visually Check
16. Right Fuel Sumps -Drain
17. Right Fuel Cap- Remove & Visually Check Fuel
I 8. Right Wing Flap - Visually Check
I 9. Right Empennage- Check
20. HorizontalNertical Tail Surfaces- Check
21. Left Empennage- Check

BEFORE STARTING ENGINES
1. Exterior Inspection- Complete
2. Seat belt and shoulder harness- Fastened
3. Emergency Gear Lowering Handle- Stowed
4. Radios and electrical equipment -Off
5. Circuit Breakers- In
6. Landing Gear Handle - Down
7. Throttles- Idle
8. Propellers- Full Forward
9. Cowl Flaps- Open
1O.Mixtures- Idle Cutoff
li.Fuel Selectors- On
I 2. Canopy - As Desired

STARTING ENGINES
I. 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
5. Throttle- l/4 Inch Forward
6. Start Switch- Engage
7. Throttle- 1000 RPM
8. Left Generator- On
9. Engine Instruments- Check
IO.Repeat for right engine
II. Radios - On
12. Rotating Beacon- On
13. Transponder- Stby
Hot Start
3. Left Throttle- I Inch Forward
4. Start switch- Engage
5. Mixture- Idle cutoff until engine starts, then full rich
6. Left Throttle- I 000 RPM
7. Left Generator- On
8. Engine Instruments -Check
Repeat for Right Engine
9. Radios- On
I 0. Rotating Beacon -On
II. Transponder- Stby
TAXIING
l.
2.
3.
4.

Canopy- Locked in "Taxi" position or closed
Brakes -Check
Nosewheel Steering- Check
Tum & Slip Indicator and Compasses- Check for movement

BEFORE TAKEOFF
1. Flight Controls- Check
2. Right Engine- 2000 RPM (DO NOT RUNUP ENGINE
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)
1. Repeat For Left Engine
2. Radio Master- On
3. Battery- On
4. Generators -On
5. Boost Pumps -On
6. Propellers- Full Forward
7. Lights- On As Required
8. Engine Instruments- Check
9. Mixtures - Rich
I 0. Flaps -Full Down Then Full Up
11. Trim - Set For Takeoff
12. Transponder- On/Ait
~
13. Canopy- Closed and Locked
14. Canopy Seal Switch- On (Aft)
TAKEOFF
I.
2.
3.
4.
5.
6.
7.
8.

Lineup- Check Heading Indicators, HSI, and Caution/Warning 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
Y.v = llSl\IPII/100 KTS

Vx = 1051\IPII/91 KTS

CRUISE
I. iloost Pumps- OfT (Above 2000 ft AGL)
2. Manifold Pressure, Prop RPM, Mixture - As Desired
3. Cowl Flaps- Closed

L __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

BEFORE LANDING
I. Mixtures- Rich
2. Props- High RPM
3. Boost Pumps- On
4. Landing Gear- Down
5. Wing Flaps- As Desired
Downwind - 130 MPH/US KTS
Base
-120 MPH/105 KTS
Approach - 120 MPIUIOS KTS Flaps Up
100 MPH/87 KTS Flaps Down

AFTER LANDING
I.
2.
3.
4.

Landingffaxi Lights- As Required
Wing Flaps- Up
Trim- Set For Takeoff
Cowl Flaps- Open
5. Boost Pumps- Off
6. Transponder- Off

SHUTDOWN
I. Parking Brake -As Required
2. Electrical Equipment- Off
3. Props- Full Forward
4. Mixtures- Idle Cutoff
5. Magneto Switches- Off
6. Generators- Off
7. Battery- Off
8. Radio Master- Off
9. Canopy Seal Switch- Off
I 0. Canopy - Open

LIMITATIONS
ENGINE:
OIL TEMP: MAX
24s0 F/118° C
NORMAL 120- 245° F/49° -118° C
CAUTION 60-120°F/161 -49°C
OIL PRESSURE: MAX
100 PSI
25 PSI
MIN
NORMAL 60- 85 PSI
CAUTION 25-60 PSI
85-100 PSI
CYLINDER HEAD TEMP:
500°F
MAX
NORMAL 200-500° F
TACHOMETER: MAX
2700 RPM
NORMAL 2000-2700 RPM
VACUUM:
lliORl\IAL

4.95 -5.20 IN. II G.

AIRSPEED:
V sE = 252 1\IPII
219 KTS

Vso = 200 MPH

Vr£ = 1351\1PII
117KTS

Vt.E= 170 MPH

YMcA= 851\IPII

Vst = 80 MPH

74KTS

174KTS

= 170 MPH
148 KTS

148 KTS
70KTS

LOAD FACTORS:
CLEAN
+3.8T0-1.5G'S
LANDING
CONFIG

V.~

+2.0 TO 0 G'S

Vso= 721\tPII

63KTS

EMERGENCY PROCEDURES
ENGINE FAILURE TROURLESHOOTING
I. Maintain Aircraft Control
2. Throttles- Full Forward
3. Mixtures- Full Rich
4. Fuel Boost Pumps- On
5. Fuel Pressure- Check Slight Positive
6. Fuel Shut Off Valves- Check On (Observe Fuel Flow Reading)
7. Trim Aircraft
8. Cowl Flaps -Open
9. Fuel Quantity- Check
I 0. Magnetos- Check On
II. Oil Pressure and Temp- Check in the Green
12. If Engine is Restartable- See AIRSTART PROCEDURE
13. If Engine is Not Restartablc- See SINGLE ENGINE OPERATIONS

SINGLE ENGINE OPERATIONS
A. OPERATING ENGINE
I. Throttle- Full Forward
2. Maintain- Airspeed and Altitude (85 MPH/74 KTS
Redline Min,VvsE=IIO MPII/96 KTS, VxsE=IOO MPH/87 KTS)
3. Bank- 2 Degrees into Good Engine

B. INOPERATIVE ENGINE
I.
2.
3.
4.
5.
6.
7.
8.

Prop- Feathered
Throttle - Closed
Mixture- Idle Cut Off
Ignition Switch- Off
Fuel Roost Pump- Off
Fuel Shut Off Valve- Off
Generator Switch- Off
Cowl Flap -Closed

SINGLE ENGINE LANDING PROCIWURE
I. Maintain- Min Controllable Airspeed (85 MPH/74 KTS Redline Min)
2. Do not Lower Gear and Flaps Until Landing is Assured

AIRSTART PROCEDURE
I.
2.
3.
4.
5.
6.
7.
8.

FueiShutOfTValve-Open
Generator S\\itch- On
Airspeed- 130 MPH
Prop- Full Forward
Throttle- Idle
Mixture -Idle Cut Off
Ignition/Starter- Engage Until 700 RPM & Windmills
Mixture- Slowly Enrich by Turning Vernier Knob to
Prevent Over Rich Mixture
9. Engine Running- Surge to 2700 RPM & Change In Yaw
I 0. Throttle & Prop - Idle to
Engine
11. Cylinder Head Temp and EGT- Check for Rise
12. Cowl Flap- Open

v.=

ENGINE FAILURE DURING TAKEOFF, BEFORE ROTATION
I. Abort
2. Throttles- Close
3. Brakes- As Required

ENGINE FAILURE DURING TAKEOFF, AFTER ROTATION
1.
2.
3.
4.
5.
6.
7.
8.
9.

Mixtures- Full rich
Props - Full Forward
Throttles- Full Forward
Landing Gear- Up
Inoperative Engine- Determine
Airspeed- I 00 MPH/87 KTS to Clear Obstacles
Airspeed- I 10 MPH/96 KTS After Obstacles Cleared
Inoperative Engine- Feather
Inoperative Engine- Secure (Use SECURE ENGINE
OPERATIONSIB.INOPERATIVE ENGINE Checklist)

ENGINE FffiF.., INFLIGHT
I. Throttle Good Engine- Full Forward to Maintain Airspeed & Altitude
BAD ENGINE
2. Throttle- Closed
3. Fue!ShutOffValve-Off
4. Prop- Feather
5. Mixture- Idle Cut Off
6. Ignition Switch -Off
7. Fuel Boost Pump Switch- Off
8. Generator Switch- Off
9. Cowl Flap- Closed
I 0. Land -ASAP
F:LF.CTRICAL POWER MALFUNCTION, INFLIGHT
I. Radio Master Switch- Off
2. Battery Switch- Check On
3. Generator Switches- Off
4. Electrical Systems- Off
5. Either Generator- On
6. AMP Meter Selector Switch- Select Operating Generator
7. Generator AMP Output -Check Nonnal
8. If Load is Good & No Sign of Malfunction, Opposite Generator- On
9. AMP Meter- Select Opposite Generator
I 0. Generator AMP Output- Check Nonnal
II. If Either Generator Bad- Tum Off
12. AMP Meter- Select Battery
13. Battery AMP Output- Check
14. 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
I.
2.
3.
4.

Throttles- Retard
Oil Pressure- Check
RPM-Set
Airspeed- Reduce
5. Throttles- As Required

I.
2.
3.
4.

Throttles- Back
Spin Direction- Detennine (fum Needle)
Rudder- Opposite Spin Direction
Yoke- Forward As Required
5. Ailerons- Neutral
6. Recover With Smooth Control Inputs
EMERGENCY DESCENT
I.
2.
3.
4.
5.

Throttles- Closed
Props -Full Forward
Mixtures- Rich
Gear-Down at 170MPH!I48KTS
Pitch- As Required to Hold 170 MPH/148 KTS

NO FLAP LANDING
I. Same as Nonnal Landing Except Stall Speed is 80 MPH/69 KTS
& Final Approach Speed is 120 MPII/104 KTS
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PART I

FAA APPROVED AIRPlANE FLIGHT MANUAL
WING AIRCRAFT MODEL D-1

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

1'

THIS DOCUMENT MUST BE KEPT IN THE AIRPlANE AT ALL
TIMES.
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AIRPLANE' FUGHT MANUAL
SECTION 1:

UMITATIONS
The following limitations must be observed ln the oPeration of thls
airplane:
Engine
Englne_

or

Two Lycomlng Modeli0-320-ciA
Two Lycomlng Model I0-320-BIC

Englne Limlts

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

Fuel

100/130 Octane mlnlmum grade aviation gasollne

Propeller

Two ( 2) Hartzell Model HC-C2YL-2RB/8459 -18
Full featherlng, constant speed.
Pitch settlngs,
lligh 78°
Low 13, 5° at Propeller Station 30 11 •

Power Instruments
OU Temperature
Maximum

245° F
120° - 245° F.
60° -120° F.

Normal
Caution·

( Red Radial )
(Gr~)

( Yellow Arc )

OU Pressure

..

Maximum
Mlnlmum
Normal
Caution
and

100
25
·so - ·85
. 25 - 60
85 - 100

PSJ:
PSJ:
PSI
PSI
PSI-

Cyllnder Head Temperature
llfa.x!mum
500~ F.
Normal
200° - 500 F.
Tachometer
:Maximum RPM
2700
Normal
RPM 2000 - 2700

' ....

~

PAct 1

OF

(Yellow Arc)
( Red Radlal )
( Green Arc )

( Red Radial )
( Green Arc ) ·

FAA Approved
Date:
1-22-11
Model D-1

........

( Red Radial )
( Rod Radial ) .
(Green Arc )

Part I

Wlnq

RD1-16
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ISSUE OAT£
I[YISICI OAT[

VACUUM SYSTEM OPERATION

Normal operation, ind!cator should read 4. 95 to 5. 2 in. bg. In
event of a failure, a day-glo red indicator button pops out to
signal failure and identify falling source.
The vacuum pumps supply power to the instruments simultaneously.
Check valves automatically select the power source in case sl.ngle
engine gperation is required.

..

FAA Approved
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_.,..,.
AmSPEED LIMITS
Never exceed (Yne)
Max. structural cruising (V no)
Max. maneuvering (Vp)
Max. flap down (Vrel
Max. gear extension (Vlel
Max. gear operating (V 10)
Min. control - single engine (V mel
Stall - clean (V sll
Stall - gear and flaps down (V sol
Best rate of climb - single engine (V sel
Best angle of climb - single engine (~xsel
ARCS
Yellow Arc
Green Arc
White Arc

200 MPH, CAS (Vnol
80 MPH, CAS (V sll
72 MPH, CAS (V sol

FLIGHT LOAD FACTORS
Maximum positive
Maximum negative

MPH
CAS

2"52
200
170
135
170
170
85
79
72
110
100

MPH
:LAS
252
200
170
135
170
170

as

80
72
110
100

Red Radial

!led Radial
Blue Radial
J

252 MPH, CAS (V nel
200 MPH, CAS (V no)
135 MPH, CAS (V fe)

to
to
to

g.
g.
g.
g.

3.8
2.0
1. 52

.oo

clean
flaps down
clean
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
Maximum landing weight
·2900
Maximum zero fuel weight
2800
See Weight and "Balance Section for proper loading
C.

pounds
pounds
pounds
instruct~.n~.

·a.· 'RANGE. - Datum is front of nose cone Station 0. 00
FAA Approved
Date:
JUL 2 S 1979
Model D-1

......,

r•ct 3

or Part 1

w1nq
II

tCI'QtT 10.
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RCYI$101 OATE
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RD1-16

C. G. RANGE (cont'd. I
Weight
Pounds

Art Limit
ln. ACt of Datum

Fwd. L1mlt
ln. Aft o! Datum

2100
. 2400
3050

89.5
89.5
90.5

93.0
93.0
93.0

St ra!ght line variation between polnts given.

PLACARDS
On the Instrument panel In full view of the pUot.
11

This airplane must be operated as a
normal category airplane ln compliance
with the FAA Approved Airplane Flight
Manual. Acrobatic maneuvers Including
spins prohibited. "

On the baggage compartment side wall.
11

.,

·Maximum baggage 250 lbs. For additional
loading Instructions see Weight and Balance

data."
On right cockpit floor -near manual gear handle.
11

To
1.
2.
3.

extend gear mo.nually:
Gear handle in down position.
Pull landing gear motor circuit breakers ( 2 )
Extend emergency handle beneath right seat
and crank counter clockwise." looking forward,
until Green Light is on. "

On top canopy next to canopy handle.
11 Do not open canopy ln fl!ght. 11
On Instrument panel close to airspeed Indicator.
11

Max. gear operating and extended speed
170 MPH (lAS)."

On Instrument panel close to alrpseed indicator.
11
Max. demonstrated crol!lswlnd
17 !.IPH.

Min. control - single englne
Maneuvering

l--.
•

. 85 MPH.
170 MPH. "

On Instrument panel next to heater switches.
" Red overheat llght on, turn off heater switches. "
FAA Approved

Date: 1-22-71
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PLACARDS (cont'd.)

On the instrument panel in full view o! the pilot.
"This airplane is approved for VFR day and
night operation when equipped per Section 7
or Part ll or Operators Manual RDI-16.
Flight into known icing conditions is prohibited. "
On the instrument panel next to alternate static air
switch.
"Static Press. "
"Normal"

"Alternate~'

.

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

(

FAA Approved
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ALTERNATE srATIC AIR SOURCE

Corrections to be applled when using the alternate static source.
GEAR AND FL.\PS UP.

(

Airspeed l!PH,IAS

so

100

120

140

160

180

200

Airspeed Correction{MPH)

0

-1

-3

-4

-6

-a

-9

Altitude Correction (Feet)

0

-15

-35.

-60

-90

-130 -180

NOTE:

Airspeed and altitude corrections are negllblble
with gear and flaps down.

NOTE:

The vertical velocity Indicator is unrellable for
approximately 5 to 10 seconds after making any
change In the static source selector switch
position.

NOTE:

The airspeed, altlnleter, and vertical velocity
indicators are unrellable when using the alternate
static source with the side window open.

FAA Approved

Date: .1-22-71
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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 generator switch "OFF."
(located on instrument panel)
B. Turn selector switch to "LEFT GEN."
Alternator, if operating, will show
charge on ammeter.
2.
Right engine check
A. Turn left generator switch "OFF."
(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 OPERATION, OR IN THE EVENT OF 'MALFUNCTION.
(see Emergency Procedures)
BEFORE
A.
B.
C.
D.
E.
F.
G.
H.
I.

(

TAKE-OFF
Fuel on
Fuel pumps on (aux. )
Mixtures rich
Cycle props at 1900 RPM
Cowl flaps open
Engine gauges normal
Trim set for take-off
Flaps set (0°)
Seat belts fastened.
FAA Approved
Date JUt 2 5 1979
Model D-1
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.
BEFORE TAKE-OFF (cont 1d.)
J.
Seat locked
K.
Canopy locked
L.
Controls free
M.
Propellers set (high RPM)
N.
During take-off apply power smoothly
CRUISE
A.
B.
C.

Fuel pumps off
ManUold pressure, prop rpm, fuel
mixture as desired.
Cowl flaps closed

LANDING

A.

B.

c.

D.

E.

Mixtures rich
Props set {high rpm)
Fuel pumps on (aw:.)
Landing gear down and locked
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 handle in 11 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".
-

J

\
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EMERGENCY OPERATING PROCEDURES
SINGLE" ENGINE.
1.
Operating engine: throttle open to maintain
altitude and airspeed.
Minimum controllable single engine speed 85 (IAS) MPH.
Inoperative engine:
2.
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 flap - closed
UNFEATHERING PROCEDURE.
1.
Inoperative engine:
A.
Turn fuel valve "ON"
B.
Prop control in high rpo (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
l.
Throttles - close immediately
2.
Brakes - as required

•\ ..._

I

......,

ENGINE FAILURE AFTER TAKE-OFF - Speed abgve
85 MPH, IAS
(without sufficient runway remaining for stopping
1.
Mixtures - FULL RICH
Propellers - FULL FORWARD
2.
Throttles - FULL FORWARD
3.
Landing gear - ~
4.
Inoperative engine - DETERMINE
5.
(idle engine same side as idle foot)
Inoperative engine - FEATHER
6.
Climb to clear obstacle - 100 MPH IAS
7.
Accelerate to 110 MPH, IAS after obstacle
a.
is cleared
FAA Approved
9.
Inoperative engine - SECURE
Date AUG 1 ~ 1969
as above.
Model D-1
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ENGINE FIRE PROCEDURE AND CHECK LIST
l.
Operating engine: throttle open to maintain
altitude and airspeed.
Minimum controllable single engine speed 85 MPH ( IAS)
2.
Engine with fire:
A.
Throttle "CLOSED"
B.
Fuel selector valve •oFF"
c.
Prop control "FEATHERED"
D.
Mixture in"IDLE CUT-OFF•
E.
Ignition switch •oFF"
F.
Fuel pump (aux)"OFF"
G.
Alternator switch "OFF"
H.
Cowl flap - closed
3.
Land as soon as possible.
SINGLE ENGINE LANDING PROCEDURE.
1.
Operating engine: throttle open to maintain
altitude· and airspeed.
Minimum controllable single engine speed 85 MPH ( IAS)
2.
Same procedure as for two engine landing
except do not lower flaps or gear until
landing is assured.

l

NO FIAP LANDING PROCEDURE
1.
Same as normalllanding with flaps down
except stall speed with gear down and
flaps up is 80 MPH (IAS).

"\ ·FAA Approved
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ELECTRIC TRIM MALFUNCTION

In case of electric trlm malfunction or =way 1.11 either the .
rudder or elevator axis, tum of! the appropriate trim safety
switch. AdJustment of cowl flaps and/or power may be used
to attain mln!mum elevator force for prolonged fi!ght. Up to
5° of baJJk may be used to attain minimum i-udder force.

IN-FLIGHT ELECTRICAL POWER MALFUNCTION

rn· the event that a

electrical power failure ls experienced or
a potential electrical !allure 6Uspected for any reason, the
l\L\STER SWITCH should be "TURNED OFF". This will cut
of! total electrical power and naturally all electrical equipment
operation.
In order to restore electrical power and isolate the malfunctioning
power source, the following procedure ls recommended:

1.

2.

3.

Tumlllg the master switch ''OFF", the battery switch
and two alternator sWitches are turned "OFF".
If Ume permits, lt la next recommended that most
electrical systems be turned "OFF". also, and brought
.back "ON LINE" after the power systems are again ln
operation.
Return one alternator to "ON", maldng sure that the
ammeter selector switch ls selected properly for thls
alternator,

CHECK:

If the alternator-ammeter Indicates normo.l
power OUTPUT•

•.
NOTE:

Due to the starting characterlstlcs of the
alternators when the battery ls of!, they may
not 11 Start 11 generating lf the "On-Lllle"
equipment load ls hlgh. For thls reason,
electrical equipment may have to be temporarUy
turned of! untU the load ls low enough to permit
startlilg without battery power, ( Thls ls
B.pproxlmately 10 Amps.)

t .. J
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IN-FLIGHT ELECTRICAL POWER MALFUNCTI~. (Cont'd.)
4.
If the first alternator indicates power
output,. then next turn "ON" the opposite
alternator.and note its' power output at
the proper ammeter selector.
s.
With both or either alternators supplying
power, the battery can be brought on-line
by turning the battery switch "ON". A malfunctioning 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
amps. 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·cornpletely independent power source
controlled by its' respective "ON-OFF" switch.
It is also recommended that the electrical
systems loads be carefully managed so as to
not exceed the alternator generating capacity
in the event only one. system is operating •

I

..

\.'.
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4:. PERFORMANCE
.

1.

VARIATION OF RATE OF CLIMB
:W:TII ~BE~~URE l<Llil:ImE ~ID.l QI!:ISIDE

~IB TEMEEB~:I:ImE.

TWo Engine, Gross Wt. 3050 lb. Full Power Clean
Pressure Best
Best
TEMPERATURE
Altitude Angle
Rate
(Feet)
IAS,MPH IAS,MPH 40°F. 60°F. B0°F. 100°F.
Sea
Level
84
122
1750
1700
1640 1585
2000
85
120
1555
1505
1450 1400
4000
86
117
1360
1310
1260 1205
6000
87
115
1180
1130
1080 1030
One Engine, Gross Wt. 3050 lb •• FUll Power, Clean
Pressure Best
Best
TEMPERATURE
Altitude Angle
Rate
(Feet)
IAS,MPH IAS,MPH 40°F. 60°F. 80°F. l00°F.
sea ..
Level
101
113
450
417
383
350
2000
102
111
347
313
280
245
4000
103
109
238
205
138
172
6000
104
107
135
102
68
35

.

.·

TWo Engine,Gross Wt.3050 lb.,Ful1 Power,Balked Landing
Pressure Best
Best
TEMPERATURE
Altitude Angle
Rate
(Feet\
IAS MPH IAS MPH 40°F. 60°F
80°F. 100°F
Sea
Level
1027
80
87
973
917
862
2000
860
80
86
807
755
702
4000
80
687
635
85
580
528
o;?"'!
47?
6000
R4
420
367
80

.

2.

DEMONSTRATED ALTITUDE LOSS DURING STALL RECOVERY IS
160 FT.

FAA Approved
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3. ·. STALL SPEED CHART.

'

STALL SPEED, MPH (IAS)
3050 T~BS GROSS WETGHT
ANGLE OF BANK
Configuration,
ou
1';0 10° 4o;o
Powe,. Off
Flaps Up
80
95
81
86
Flaps Down
73
86
72
77
4.

60°
113
102

AIRSPEED CORRECTION TABLE.
FLAPS oo
CAS,MPH
IAS,MPH
79
80
90
90
100
100
120
120
140
140
160
160
180
180
200
200
220
220
240
240
260
260

* FIAPS 40°
IAS,MPH
80
90
100
110
120
130
140

CAS,MPH
79
90
100
110
121
131
141

* Maximum Flap Speed 135 MPH (40°)

.
.•

.
-

.
i'

j
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PART II

WEIGHT & BALANCE DATA

..
NOTE:

This is not a part 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 •
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SECTION 1:

WEIGHING INSTRUCTIONS"

A.. Place the a.l.rcraft on scales, one for each landing gear. Scales
should be placed on a flat and level terrain.
B,

IDock the main gear struts with 7 ln. blocks. Level the aircraft
by blocldng the nose gear as required. Partially withdraw two
machine screws located at Fuselage sta. 104. 75 and Sta. 117. SO
at WL 44.680 on the left hand side of the fuselsge, these screws
are leveling points. Aircraft fs longitudlnally level when a level
placed on the heads of these screws Indicates level.
To check lateral level on the a!Iplane, 1f necessa.zy, place a.
level across the baggage floor.

I

C

Determine the center line location of the maln gear axles by
pulllng a string between the two axis and with the use of a plumb
held from the Fuselage ref. point (a small hole In the bottom
fuselage skin located on the center line of the aircraft and Sta.
100,00 Fus, forward face of the ma.ln spar). Record measurement "A".

D

By measuring parallel to the center line of the fuselsge measure
the distance between the plumb held from ·the fuselsge 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 measurements, Record as '':B",

E.

Take the weight reading on each scaie and record them below,

OA.TUM

STA.o.oo
FUS.

STA. 100.00
FUS,

l'C.VEL

•

(

......
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WESTERN AIR RADIO
2825 EARHART APRON. TORRANCE, CA g0505 (213} 534·0455

WEIGHT & BALANCE REVISION
N

8602J

Serial #·_ _;;,o.:.;09::........_ _ _ _~
Model #·---.!!W'-=i!!n.;.!!...;D~-:.;1!;.....__
Date May J, 1982
AIRCRAFT BEFORE CHANGEs

Weight

Arm

2117.80

91.?5

Moment

REMOVE THE FOLLOWINGs
Turn Cord.

?.hi!.

'59 57

ADD THE FOLLOWINGs
BSC

Fli~ht

Control System

?lJ.,?

Q/(

9

2

J9J 4J

196487.56

EMPTY WEIGHT
~d

E.w.c.G.

2140.06
--~9ul~·~a~'---------

MAX. GROSS WEIGHT ..:3:.:0:.::.,5:.,0·:..:0~0_ _ _ __
USEFUL LOAD

'·

-~90.:..:9:...:·~94~-----------

WESTERN AIR RADIO
2825 Earhart Apron

Torrance, Calif. 90505
FAA Repair Station
#4814

DO'A.ITMEHT

or

Tl..U41'01TA110H

nDUAL AvtAnOH ACM .... l$TU.nON

MAJOR REPAIR AND ALTERATION
[Airframe, Powerplanl, Propeller, or Applian<e)
JNS:TRUCTIO!'JS: P~nt o~ !fpe aU ~~tries. Sec fAR ·0.9. FAR. •U Ap~ndix 9, and AC .CJ.9-l (or subs~urnt revision therroO
fo t anscrucraons and d~tposlt•on of thiS form.

MOOEI.

1. AIRCIAFT
NAME (AJ

2. OWNER

Coast Aircraft Sales

.·.

UNIT

.MAl!

AIRFRAME

IIIJI,CUU#CIUICIH (A1

"'"'"'

SfiiA.L NO.

desaiMrJ itt item I above]u oJIIJ ' ' ' ' 1111 ·rccc1

ltE,A.II

·

X

• vWERPlANT

PRCPELLER
mt

APPLIANCE

·:_:~-

. .... .

Western Air Radio
za·25 Earhart Apron
Torrance, CA CA 90505

II, Limited
Ratings

D. j crrtify char' i:hc repair and/or ahcfacion m~de to the unit (I) idcmified i'n iiem .(abOve and dcscribcd on the revt"nc or
"tu.chmenn hereto have ~en made in accordance with rhe nquinmenu of Pan.4) of the lJ.S. F:e~enl ~viuit?n" Rcgul.l.dons
and that the informttion- furriished herein is crue and correct ro rhc-· b~st of my knowledge•

•r
DATE
REJECTION
(83

NOTICE
Veight and balance or operating limitation changes shall be entered in the appropriate airc;aft r_ecord.
An alteration must be compatible with all previous alterations to assure continued conform1ty w1th the
applicable airworthiness requirements.
)

a.' DESCRIPnON

OF WDIK ACCOMPLISHED (IF more space is required, attoclt additional sheets.

lder>tify with air·

croft nationality and registration mark and date work completed.)

Installed Brittain Model B-5C Autopilot System according to
:Brittain Installation Instructions 402-012-7)1, Rev. A, Dated
6/24/81 and Master Drawing list 40J-012-7J6, dated 7/J/81:
or later FM approved revision.
·
2. Autopilot installed per STC #SA455JSW, dated Nov. 2J, -1981.
J. Electrical laad evaluation or equipment installed performed.
4. -.Magnetic compass checked and calibrated,
..
~:...------'-.:"'"'---..:--------Nothing Follows------------------~-·__ .;,-_.;,·,;,·:.__ .___
1.

•

•

•

•

......

0

•

: -:-·- -: :.. -:-.._.;_

•

-- .--

~ • i

~[

..

•

0

ADDITIONAl SHEETS ARf ATTACHED

.,;,

..

Gibbs SERVICE CENTER, Inc.

3717 JOHN J.. MONTGOM!IY Dl.
SAN DlE'CO. CAUFOlNlA 92tU

PHON! 714 .. 217-3311

F.A.A. REPAIR STATICN 1463-13
WEIGHT & BALANCE DATA

NC 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
Prev. weight & balance

WEIGHT

. APM

2070.00

91.86

190164.00

1.70
3.20
6.00
3.90
5.10
1.30
3.10
3.70
.40
2.80
.20
.20
4.80
.30
.30
10.00

.so

69.00
66.00
66.00
66.00
66.00
66.00
69.00
66.00
66.00
109.00
150.00
75.00
95.00
167.00
206.00
72.00
80.00

55.20
112.20
211.20
396.00
257.60
336.60
89.70
204.60
244.20
43.60
420.00
15.00
19.00
801.60
61.80
21.60
800.00

2111 .eo

91.75

194253.70

~n!EN'I'

KTh'G E~IP.

KR-21
KMA 24H-53
y;(

197

KNS 80
KCS SSA (~I S"l S".A)
y;(

165

KI 202
KR 87

KT 76
Com Antenna

· ADF Antenna
JJ.!E Antenna
Transponder Antenna
KG 102A
KMI' llZA

KA51A

Wire

Lbs.

In.
New Useful Load • .•.••..•••• , •..•.•• , •••••..•••••

Lbs.

RDl-16

I[,CIT IQ.

e-tz- G '1

ISSUE DArt
I[YISIOI OAT£

#86.02. ':1

A-S

U/i!!f'"/C:./-17"C"P /-7-82
.....V~ -~~cU- -~.N.L) 4- GA~S. 0 / L

__;:-~:::..:..'....:t,::_....:..._ _ _ _ _ B •

A • _

Scale

Nose
Gear

"N"

Left
Main

"LM"

Right
Main

''RM"

Reading

-

58 " 0

Tare

1-89
82./

7 9([)_

(LM + RM) A - (Z..')
C.

G.

•

lOO

+

~

ActuAl Weight

C:?

4-89

0

/32.../

?)

7 9t:?

.

•

w

Item
-·

Aircraft ss Weighed

-

~afe'~tt=-

{ -,

c:

'30

7tP, 4-1

Total llcensed
Empty Weight

:<.LJ70

f:J

FUS.

/92.27C,
-

-

2

.....,

G ."Mh St.ww

'J/, SIP

/9~

~-l'f-~z._
c;....

..

I I Z-

0

0

Allowable Useful Load • 3050 lhs. - llcensed Empty Weight ., ....£......:::::::...=:._

~~CJdJJ.

lbs.

Moment
(Ibs. -In.)

C. G. Arm
(In.)

9/.-S~

t::?

t!)

G.

:Z/OCJ

Unusable Fuel.

,.Z /

9 /., ...S-~

STA.

LICENSED EMPTY WEIGHT AND
Weight _
(lbs)

~Average)

~

AlRCRAFT TOTAL AS WEIGHTED "W"

r1

6<//TH

.
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SECTION 2:

MOMENT ARMS
Pilot and Passenger

•••••••• Sta •

87.00

Oil (7.5 Lbs. per Gal.) •••••••• sta.

70.41

Fuel (6 Lbs. per Gal.) •••••••• Sta.

92.00

Baggage (250 Lbs. Max.) •••••••• sta. 118.00

I
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SECTION 3: SAMPLE PROBLEM
It is the responsibility of the aircraft owner and the pilot to be
sure that the aircraft is properly loaded. The following example
shows bow to check the loading or your aircraft.

(EXAMPLE ONLY )

Item

Weight
Pounds

Moment Thousands
9! Pounds -. Inches ·· ·

Licensed Emry wt.
(Includes Oil
.

2100

.190, 050 ....

Pilot
Passenger

Total Zero Fuel Weight

II

Fuel*
Total Weight and
Moment

..

.

. 14,·790

. 170

.

14,790

..

. 8, 960

__5.

2520

. . 228,590

2
(45 laq)

. . . 24,840

2.790

Total Moment
Total Weight

=

C. G.

253, 430
2790

=

90.84

f"/1.~~
~·sso
J."J,

.. - .

170

so

Baggage

- (t<OI1

-~ p.s·Z.

1
-

p.qotA
p,s.5

..
..

--r -.

. -253, 430 ......

. -· ..-.

(EXAMPLE ONLY)

rr the airplane has been altered,

refer to the latest approved repair
and alteration form (FAA-337) for this information.

* Unusable fuel is included in licensed 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 •

.......
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SECTION 4r

LOADING CHART

Pilot and Passenger
Total
Lbs.
Moment

FUEL

Gal.

0

~

TABLE I

.

...

..

Lbs.

5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
85
88 .•/

30
60
90
120
150
180
210
240
270
300
330
360
390
420
450
480
510
528

Moment·
2,760
5,520
8,280
11,040
13,800
16,560
19,320
22,080
24,840
27,600
30,360
33,120
35,880
38,640
41,400
44,160
46,920
48,576

100
120
140
160
180
200
220
240
260
280
300
320
340*
360
380
4.00

8,700
10,440
12,180
13,920
15,660
17,400
19,140
20,880
22,620
24,360
26,100
27,840
29,580
31,320
33,060
34;800

-..
....

•

)o

Baggage Compartment(See Note)
Sta. 112.0 sta.124.14
Sta.l36.0
Lbs.
IF;_..rt,Mfi!:.~~t
Mcrnep.t'"'
IlA n '1~!;pt

n

wt.

20
40
60
80
100
120
140
160
180
200
220
240
250

2,240
4,480
6, 720
8,960
11,200
13,440
15,680
17,920
20,160
22,400
24,640
26,880
28,000

2,483
4,966
7.448
9,931
12,414
14,897
17,380
19,862
22,345
24,828
27,311
29,794
31,035

)o

"i

n

2,720
5,440
8,160
10,880
13,600
16,320
19,040
21,760
24,480
27,200
29,920
32,640
34,000
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BAGGAGE LOADING
Fwd. Area defined as baggage CO at Fus. Sta. 112.0
Center Area defined as baggage CO at Fua. sta. 124.14
Aft. Area defined as baggage CO at Fus. Sta. 136,0
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CENTER OF GRAVITY HCl'~'::::-IT ENVELOPE

TABLE :II

. -·

----.

FLIGHT 'I'IT.

c.
*

LBS.

MOHENT

MOMENT

2100
2150
2200
2250
2300
2350
2400
2450
25CO
2SSO
2600
2650
2700
2750
2800
·2850
2900
2SSO
3'000
3050

187,950
192,420
196,900
201,370
205,850
i10,320
214,800
219,458
224,125
228,786
233,480
238,169
242,865

195, 300'
·199,950
20•L 600

*

(

. ·.'

MOS~

LIMITS
;F"o'ID.
HOST APT

209.~50

~47,568

252,280
2571 QO.~
26I,. 7$4

266, 49t).
2~1,260

. 276,025

,.

-

213,900
218,550
223,200
227,850
232,500
237,150
241,800
246,450
251,100
255,750
260,400
265,050
269,700
274,350
279,000
2$3,650
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· AIRPLANE WEIGHT & BALANCE RECORD
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STA MOMENT DATE
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'

··- 1-
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SECTION 61
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RD1·16

ISSIJE DATE
REVISIOl DATE

COMI'ANY

g - IZ.- G '1

CENTER OF- GRAVITY LIMITS GRAPH

3100
3000
2900
2800
2700
2600
2500
2400
2300
2200

•.

2100

..

.

91

92

93

e.G. ARM - INCHES AFT OF DATUM*

4---4----4---~----+---~--~~--~--~----T---+

.18

.20

.22

.24

.26

PERCENT OF M.A.C •
•

~I

*

DATUM

a

STA. 0.00 FUS.

0 Sl\MPLE PROBLEM

......,

PACE

7

Of

Part·

II

!19'11/lllf!!

R(POH

AIRCRAFT

RD1-16

oo.

ISSUE DUE
R[YISIC• OAT[

COMPANY

L"Y ..
SECTION 6;·_

CENTER OF GRAVITY LIHITS GRAPH

3100
3000
2900
~

•

til
&:!l

~

"til
Q

s

2800
2700

0

"'
I

r

2600

E'<

"'

~

2500

u

0::

H

.::

"'

2400

0

E'<
X

2300

t:)

H

~

2200

..

~.

.·

-~

2100

~

89

e.G.

90
AR.'I

91
92
INCHES AFT OF DATUM*

93

+

I

+
.18

.22

.20

.24

.26

PERCENT OF M.A.C.

(_
~-

*

DATUM = STA. 0.00 FUS.
0 SAMPLE PROBLE.'I
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8-12-69
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COMPANY
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.
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SECTION 7:.

EQUIPMENT LIST
AffiCRAFT 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 ai!ded·.
·should be.~:qarked ( A ).

I.

BASIC REQUIRED EQUIPMENT (VFR DAY ONLY)

ITEM
NO.

..

I T E M

1.
2.
3.
4.
5.
6.

(
(
(
(
(
(

7.

(

)

Fuel Pumps
(Boost)

8.

(

)

...

9.

(

)

.(

)
)

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.

......

(
(
(
(
(
(
(
(
(
(
(

(
(
(
(

)

)
)
)
)

)

)
)
)
)
)
)
)
)
)
)
)
)
)
)

Engines
Propellers
Governors
Spinners
Filters·Air Ind.
Oil Radiators

'

(Eng. Driven)
Exhaust Sys.
Main Wheels
Main Brake Assy.
Main Tires
Nose Wheel
Nose Tire
Seat (Pilots)
Belt (Pilots)
Alternators
Starters
Voltage Reg.
Battery
Relay (Overvoltage)
Airspeed Ind.
Altimeter
Compass, Mag.
Tachometer

WAC DWG
NO.

WT,

ITEM PART
NO. USED

ARM

(LB.)

(IN.)

400010
400010
400010
400120
400012
000009
400010
100034
700048
. :' -~- ::..

588.0
96.0
12.0
8. 8
2.0
3.8

64.4
45.7
74.6
43.6
77.5
55.0

6.0

104.2

400180
400181
500008
500008
500008
500001
500001
800002
000009
400010
400010
400010
700048

14.2

69.4

22.0

109.0

10.0

15.0

11.7
0.9
26.0
17.0
1. 3
27.0

87.0
88.0
56.0
60.0
87.5.
151. 0 :

0.5
1. 0
1. 3
0.8
1. 4

l....§_~J

~ ~.-

400010
. 900006
900007
800037
700048

.

.
rACE

8

oF

Part 11

.

-..

J_ . . .

;

·-

~

67.0
67.0
78. 0
67.0

w1nq
ITEM
NO.

RtrcRT oo.

AIRCRAFT

RD1-16

USU[ OAT[
8-12-69
RtviSION OAT£

COMI'ANY

1t -Z..4--8o

IT E M

WAC
NO.

DW~.

wr.

ITEM PART
NO. USED

(LB.)

.

ARM
(IN.)

.

(i

26.

(

)

27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

II.

ITEM
NO.
200.
201.
202.
203.
204.
205.

......,

( )
( )
( )
( )
( )
( )

Eng. Cluster
Fuel Qty.
Oil Press,
Oil Temp.
Cyl. Hd. Temp.
Stall Warning
Pitot Tube, Heat
Fuel Flow Ind.
Fiap Pos. Ind.
Stab. Pos. Ind.
L G Warn. Light
Seat, Passenger
Belt, Passenger
Belt, Cargo

900005

2.6

67.0

100242
700135
900001
900002
900003
700124
800002
000009
000009

1. 5
1. 2
1. 0
0. 1
o. 1
0.06
11.7
0.9
2.0

81.0
241.8
67.0
69.0
75.0
69.0
87.0
88.0
124.0

.
Mani!. Press. Ga.
Ammeter
0. A. Temp. Ind.
r:abin Heater
Rudder Pos. Ind.

1. 0
0.4
0.6
21.0
o. 1

900008
900009
700048
200050
900012

REQUIRED EQUIPMENT (VFR NIGHT)

IT E

M

Anti-Collision Lt.
Aft. Pos. Lt.
Wing Tip Pos. Lt.
Landing Light
0. H. Inst./Map Lt.
Cabin Dome Lt •

WACDWG
NO.

ITEM PART
NO. USED

700048
700048
700048
700048
700048
700048

ilJT.

•
ARM

{LB.)

{IN.)

o. 25

252.0
269.0
85.0
4.0
86.0
120.0

0. 12
0.3
1.5
o;3
o. 1

PAC£

9

OF

67.0
68.0
64.0
37.0
75.0

Part II

w1nq

R[PCRT 10.

AfRCRAI'T

RD1-16

ISSU[ DATE
8-12-69
REYISIOM DATE 11-2.4-'Bo

COMPANY

.
(

OPI'IONAL EQUIPMENT

llL

..

ITEM.
NO.

IT E M

WAC DWG.
. NO.

ITEM PART
NO. USED

WT.

ARM

(LB.)

(IN.)

8.0

95.0

1. 2

54.7

700048

o. 6

62.0

E::rt. Pwr. Recp.

700048

0.8

150.0

Autopilot

STC ISA
16BBWE

2 6. 7

105.7

300.

(

)

Prop. Unfeather
Accumulator

400045

301.

(

)

Dual Brake Cont.

600009

302.

(

)

Hr. Meter-Air SW.

303.

(

)

304.

(

)

.

.

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.

700059

2. 44

65.4

311.

(

)

Vacuum Sys.

700021

14.72

77.6

312.

(

)

Alt. Static
Air Source

700064

o. 12

68.5

313.

(

)

.

Propeller
Synchrophaser

700097

Int. & Sound Proof

800000

36. 0

100.0

000128

21.0

110.0

314.

(

)

315.

(

) Paint

g. so

:

......

PAct
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REVISIOI DATE

9 - '2..'2. • CO\

Rtron 10.
AIRCRAFT COMPANY

OPTiatAL coMMUNICATIONLNAVIGATION EQUIPMENT

IV.

-

ITEM
NO.
400.
401.
402.
403.
404.
405.
406.
407.
408.
409.
410.
411.
412.
413 •
414.
415.
416.
417.

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

418.
419.

(
(

)
)

420.
421.
422.
423.
424.

(
(
(
(
(
(
(
(
(

.

425.
~--·

~lAC

426.
427.
428.

.......

)
)
)
)
)
)
)
)
)

DWG.

ITEM

NO.

Cocm Radio
Nav Radio
Nav Ind
Glide Slope Rcvr.
Audio Marker Rcvr.
Area Nav Cmptr
DME XMTR/RCVR
DME IND
DME Ant.
ADF Rcvr.
ADF Ind
ADF Ant.
Transponder
Slaving Access
Course Ind.
Dir. Gyro
Flux Det
Radio Alt.
XMTR/RCVR
Radio Alt. Ind.
Radio Alt. Ant
XMTR & Rcvr.
Marker Beacon Ant.
Glide Slope Ant.
Comm. Ant. Coupler
Nav Ant Coupler
Cot~:m Ant
Pwr. Booster
Emer. Loc. XMTR.
Nav Ant
Compensator

700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080
700080

COLLINS
PART NO.
(2) VRF-251
(2) VIR-351.!
IND-350 A
GLS-350
AMR-350
ANS-351
TCR-451
IND-451
ANT-451
RCR-650A
IND-650A
ANT-650A
TDR-950
328A-3G
331A-3F
332E-4
323A-2G
· ALT-50A
DRI-55
(2) ANT-50
EMB-10-84
RGS-10-48
TCR-20-01
DRC-20-11
SSB-1
R:B-125
ELT-10
CI-159 C
323A-3G-l

PAct

11 or II

(WT.J
LB.
7.6
6.2
1.0
2.0
1.8
3.8
5.3
0.9
0.2

ARM

(IN.)

0.75
2.25
2.0
3.5
3.4
4.5
2.7

63.0
63.5
66.4
47.3
66.6
64.3
171.8
66.6
102.8
64.1
67.3
144.3
65.8
156.8
65.8
145.7
106.5

5.6
0.7

158.6
66.0

3.0

2.0
113.2
1.0
19.8
0.13
19.9
51.0
1.0
0.25 -c_51. 0 I
2.0
149.4
44.4
1.5
162.4
3.5
0.35 252.0
.25 106.5

i
Bri,ttain Industries, Inc.
5023 E. Admiral Place
Tulsa, OK. 74115

( ·i:

Manual No. 407-012-736
FAA APPROVED
AIRPLANE FliGiT AANUAL SUPPLEMENT
FOR
BRITTAIN MODEL BI-:826 esc

..

WHEN INSTALLED IN AIRCRAFT MODELS LISTED ON
MASTER ELIGIBILITY LIST 426-010-736
R/N

8602J

S/N

009

\'ling

D-1

MAKE AND 11l0£L AIRPLANE

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 installation of
Brittain BI-826, esc flight Control System in accordance with STC SA4553SW
and .in conjunction with Brittain model
ei-7D2, es 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.

II.

No Change.

OPERATIONAL PROCEDURES
A.

To Fly'a Preselected Heading.
1.

Rotate heading bug on directional gyro or H.S.I. to desired
heading.

2.

Select "HOG" mode on controller.

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

Dated: 11/23/81
F.A.A. Approved:

Page 1 of 2

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

Manual No. 407-ol2-736
II I. EMERGENCY

IV.

A.

In the event of an electrical failure, the autopilot rever:ts to
basic stabilization.

B.

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

PERFORMANCE
A.

No change.

._.... ...,....... - -

FAA APPROVED:
on.

fef .... -

----------

-;;·.,,-...=:-::.~.-:-.:.=.....-..-.-.... - ...~.~-·-·-··.- :.....:. •. •.

Engineering & Manufacturing Branch ..: .. . · · · . - '·
Federal Aviation Administration'- -''- ·-- ·
·: ··-· · • ·-Southwest-Region
Ft. Worth, TX. 76101 .

•

Dated: _.!.1:..!.1/~2~3/~8!.!.1_ __

Page 2 of 2
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JE)uppfcmcntal 1Itgpc (Lcrtificetc
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Brittain Industries, Inc.
5023 East Admiral Place
Tulsa, OK 74115

..ti~-...... ~.Y~.k....-~.-w.& ..tk..-.o... •• t<~ry-~_,19~

3

~~

Civil Air .

~~~.u.

.

-

~~- ~:6:...;;"'...,.~~: Se~ Limitations and Conditions
J~: See Licitations and Conditions
J~: See Limitations and Conditions

~p~..S!'~-~: 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 Dra~ing List 403-010-736 dated 7/3/81;
Installation of Brittain Model B5C Model BI-826 System according to Brittain
Installation In-structions 402-012-736, Revision A, dated 6/24/81 and Master
"Dra~ing List 403-012-736 dated 7/3/81; or later FAA approved revision.

~F~~~ti~~Certificate

Number, Aircraft, and Model see Master Airplane
Eligibility List 426-010-736 Revision A dated 7/2/81, or later FAA approved revision.
2. FAA Approved Airplane Flight Manual Supplement dated November 23, 1981, is
required for Brittain B5C Model BI-826; or FAA Approved Airplane Flight Manual
Supplement dated November 23, 1981, is required for Brittain NAV Flite IV Model
BI-825.
··
·
3. c~patibility of this ~edification vith other previously approved ~odifications·
· ~~t be determined by the installer. · ·
.
.
1· .
./k~~.......l'.d.-""'#....<.':Y~t...-G:d..:. ..d..-./....,.;.y!-..yy....-.t..A.u//_.,.,.,u._..;,.,-#Jr/.-L-z~

'
~~--.k.<--.t<.:.......,_~~k..:.-~ .... .--.v.:.kd'-7-.d...rU~..:...:.t.../-.~·;a,

.,.)'~~~....;....:..~......

.!'t!..:..,..-...,..y/.u~: July 3, 1981

~..:..,t".:u...~:

;

.

l:

··/
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Certification
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BRITTAIN INDUSTRIES, INC.
P. 0. Box 51370
Tulsa, OK. 74151
( .•

Manual No. 407-025-504
FAA APPROVED
AIRPLANE FLIGHT MANUAL SUPPLEMENT
FOR
WING AIRCRAFT MODEL D-1
S/N

009

R/N

8602.J

This supplement must be attached to the F.A.A. Approved Airplane Flight
Manual dated August 12, 1959, when a Brittain Model BS Flight Control
System is installed in accordance with STC SA4315SW.
The infonnation contained herein supplements or supersedes the basic manual
only in those areas listed herein. For limitations, procedures, and
perfonnance infonnation not contained in this supplement, consult the
basic airplane flight manual.
....

I.

II.

LIMITATIONS

A.

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

B.

Autopilot shall not be operated at speeds above Vno (green
Arc).

c.

Single engine approaches prohibited.

D.

Coupled approaches shall be conducted ~sing only the VORLOC receiver-indicator combination demonstrated to perform
satisfactorily in accordance with FAA Approved Brittain
Ground and F1 ight Check Procedures Manual llo. 3952: VORLOC receiver-indicator combinations not so demonstrated
shall be placarded "DO NOT USE THIS RADIO FOR COUPLED
APPROACHES".

OPERATING PROCEDURES
A.

Nonnal
1.

Make certain aircraft is properly trirrrned before
engaging autopilot.

2.

To engage autopilot, pull autopilot master "ON" and
rotate mode selection switch to desired mode.

Dated: April 1 , 1981

Page 1 of 3

BRITIAIN INDUSTRIES. INC.

P.

(

o.

Box 51370

Tulsa. OK.

74151

Manual No.

407-02.6-504
When the autopilot master is "ON" and rrode selector is
"Off", the autopilot provides stabilitY augmentation.

NOTE:

3.

Turns m~ be made by selecting the manual (MAN) mode
~d rotating the "TURN" knob left or right.

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 aircraft has a nose up trim and vice-versa.

7.

To Fly A Magnetic Heading
A.

B.

To Fly A VOR Course
A.
- B.

C.
NOTE: (1)

(2.)

Rotate the heading azimuth to desired magnetic heading
and place function knob in heading (HOG) mode.

Rotate omni bearing selector (OBS) and autopilot
heading azimuth to desired_ course.
Select capture"(CAP) mode. Aircraft will. tum to
; ~--: 7
intercept the VOR course. Maximum capture ~ngle
is 60 degrees.
--~~----- ....·---- --As VOR needle approaches center position, select
track (TRK) mode.
·
·

VOR-LOC left/right needle indication may be· interrupted
. or lost during transmission with some NAV-COMM systems.
In this case, the autopilot wi 11 steer the aircraft
towards the heading selected on the autopilot heading
azimuth.
When the rrode selector is in the track (TRK) position,
VOR needle deflection greater than half seale will cause
the autopilot to revert to magnetic heading information
for about one minute.

-Dated:

April 1, 1981

Page 2. of 3
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BRITTAIN INDUSTRIES, INC.

P. 0. Box 51370

Tulsa, OK. 74151

r

Manual No. 407-026-504
9.

10.

B.

A.

Rotate omi bearing selector {OBS) and autopilot
heading azimuth to approach course.

B.

Select capture (CAP) mode. Aircraft will turn to
intercept the VOR course. When aircraft heading is
within 60 0 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 {OBS) and the autopilot heading
azimuth as soon as positive station crossing has been
made.

To Fly A Localizer Approach
A.

Rotate autopilot heading azimuth to inbound localizer
course.

B.

Select lo5alizer {LOC) mode after aircraft heading is
within 60 of localizer course. Aircraft will tum .
to intercept the localizer.

:

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.---·-·
·- -----··· -·. .
'

2.

Maximum altitude loss during a nose down.hardover is 120ft.

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 jnspected and repaired as necessary.
· -

PERFORMANCE INFORMATION
·1.

No change.

APPROVED:

-r

Engineering &
Branch
Federal Aviation Administration
Southwest Region, Ft. Worth, TX. 76101

Dated: April 1, 1981

.

,.

.. ;

Emergency
l.

III.

To Fly A VOR Approach

Page 3 of 3

..;

.:"

I

..

.· ..

'!in::!~

.s= ar 9.mr!IG

Bqmtrncnr tf \Cranspcmrion -federal 9.niarion 9.~ministrarion

aSnpplcmcnt~l ~~pc

(r
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lrcrtificatc
,,.•· .

..

Brittain Industries, Inc.
1'. 0. Box 51370 ,

...

Tulsa, OK 74151

·:~1~~~
.

..

~.U.d~~_,_~~~~~~.u.f~-:d~~".-d~

.'

.u-r.....,~.;._;,_~..d:-~-1' ;.~~.....&

.·

3

_,J'.fk Civil Air

••
L.

...

.9~

I·.

~~-+~:A9WE

·

· ··

Jt.k:

~

~

Ying Aircraft

~- D-1.

~~·gar~: Installation of Brittain Model B5 Flight Control
Systec in accordance with Installation Instructions 402-026-504, Revision A,
dated 1/19/81 and Master Draving List: 403-026-504, Revision A, dated 3/30/81,
or later FJL~ approved revision.

1
~.a-nd~:
FAA Approved Airplane Flight: Manual Supplement dated April 1; 1981, is required •
. .. .
Compatibility of this ~edification with other previously approved ~odificat:ions
must be determined by the installer.
..
..
..

..

-·

YL..-.&;".-k-d~~.dJ...~..:.-~~.r~~~.:..:#J~..;;.._
~~-de4;_-~~..:.-~~./y.fk~_,l'.fk
~~~
~_,.t~; January 22, 1981

~-/·•· -~.-

!i!J. ., ,../;
,

. April 1, 1981

Don' P. Watson
Chief, Engineering and Manufacturing Branch
(Tilll}

.A'!J' all~alJ.a71 of this crrt.i.ficat~ is JnmisAabk by Gfirw of 11111 exuulinlll,OOO. 01' impnJonmml not ~zcuiint 3 yan. or

bolla.
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NATIONAL TEST PILOT SCHOOL

GENERAL BRIEFING GUIDE
a. Roll Call
b. Time Hack

c. Brief Description of the Primary Mission
d. Mission Times:
(I} Station
(2) Start
(3) Takeoff
(4) Range

e. Flight Lineup:
(I) Aircraft Commander

(2) Call Sign
(3} Aircraft Assignment
(4) Flight Position

f.

Radio Frequencies:
(l} 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
(I)
(2)
(3)
(4)
(5)
(6)

Runway
Lineup
Checks
Signals
Interval
Departures
(a) Routes
(b) Terrain Features
(c) Ranges

I. After Takeoff
(l) Checks
(2) Join Up

m. IFF Procedures
n. Joker, Bingo and Divert Fuel
o. Recovery and Landing:
(l) Type of Patterns
(2) Checks

2

p. After Landing
(l)TaxL
(2) Parking
q. Emergency Procedures:
(1) Radio Failure •

(2)
(3)
(4)
(5)
(6)

Hydraulic, Eiectrical, Fuel, Oxygen, Engine (HEFOE)
Takeoff Emergency Airspeeds
'
Jettison Areas
Bailout/Ejection
Ground Egress

r. Special Subjects:
(I) Lost Wingman

(2)
(3)
(4)
(5)
(6)

Survival and Life Support Systems
Exchange of Aircraft Control and Configuration Changes
Crew Coordination/Duties
Enroute Terrain Features
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 I NONQUALIFIED AIRCREW BRIEFING GUIDE)
v. Local Area Briefing for Non-NTPS Crewmembers

3
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I

Mts~ion:

Date:

I>-1 llEJUUNGEH FAM
Lc•cJ

j Student:

AIC:
Wm:.!m:sa

I Student:

-

--

~C:

II~
Ti~er.

---Ti&cr.
ll~

Dnct:

Slep:

r.o.:

Weight:

e.G.

Fuel:

Frcq:

Ops":

Ai~pace:

I Land:

STTO (DJUEF MATCHINGMPs ON T.O.)
CLIJIIDOUT ATI05MPHTHEN liS MPH

CRUISE PERFORMANCE (trim shot for 30 sec)
RPM IFF
vhim
HI!IO'
Yt!IKT

140

120
100
90

85
STALLS
Level flight, clean confg., idle power, 1 kt/sec, V1,;., 95 mph
Turniog30 bank left/right, dean, idle, I kt/sec, V1,;.,95 mph
Turning 30 bank left/right, PLF, 3-5 kt/sec, v, .... 95 mph
Levd flight, PA tonfig., idle, l kl/set, V1, 1.. 90 mpb
V:-~C4

DEl\10 (predicted 85 mph)
Clean con fig., one engine idle/one max RPM & foil throttle
Decel to YMcA (wings level/zero SS/5 deg bank)

SINGLE ENGINE CLIMB DEMO (hold 110 mph)
PA contig., one engine idle, one engine max RPM & full throhle
(note VVI), r:oise flaps (note VVI), gear up (note VVJ), 9" MP
on idle eoginc{simuJates feather, note VVI), dose cowlllap on
bad engine (note VVI), zero SS (note VVI), 5 deg bank (note VVI)
LANDINGS

m:

pu:£.

82/lB

I

foolj:. .. i.•n:

Il-l

IIEIHHN<;EI~

I A:;ul

p .•l.:

F.\1\1
II':

' :-.;lu·h·ut·

A't ':

·1 iftt:

\\"in~ma u

1

!'llhh·Jil:

II':

.·\'1":

"l"i;:t·J:

lit i<·l:
w,·ir''"

I :-;h"p:

1.11.:

Jctp~tl:

Fill 1:
A i1 ~;p;nt·:

It ·.G.

J"rur

I l.aud:

------·----.
PillfFOTf.'\W';cif (irir;i shut for JOS.:C)" --- ·- · --Ji•~w·

V1~1 Kl

.

-Ri"'J\1/FF

--- - - .

I 40
120
100

90
85

w••u•;., one

one
max
e
(no! e VVI), raise flaps (note VVI), gear up (nole VVI), 9" MP
on idle engine (simulates feather, note VVI), dose cowl flap on
bad en
(note VVI), zero SS (note
5 d bank (note VVI)
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4.) F-16CID(Biock 32): 230 Hours
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I

7.) I
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8.)

1.)

i

2.)

3.)

I
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5)1
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I
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Student Information Sheet
Hlf'J"tJL
Name: CitEotl!J

aN

16 M

Passport#:
Social Security#:. _ _ _ _ _ _ _ __

Drivers License II:

·----------------

Local Address while attending school:

Spouse's Name: Jeon¥'im

cB

9B.SM

Koo

Children:
Name:

Don~b.,un

"

Kim

Age:

Name: .$! bvun K;m
"
Name:. ___________
_

Age:

Name:

Age:

·--------

Age:

_ __

Company Name or Military
Branch & Address:

Country:

CijMq-N~m . .'achetJihg,: , Sctrfui'-~f

C!earance:.___~-=--:--:-::~-

Kog~...,_F!.___

(Top secret, St:cret, confidential)

Rank:

Ho.J ol-

(civilian, rr.ajor, capt.,ctc.)

Crew position:._uP;...J.l~•t~c-_ __
(pilot, eng., nav.• e!c.)

Pennanent Home Address:

lijt!lnJ Dam, .wber-n-<\k: .£Jec)1-br
Emergency contact:

Phone:
Administrative u5e:
Assigned key

t;·~

0

Class#:

D4A

6ti.)!::

SFob()

.t:
.3

09/lB

.

-------------------------------------------------------------------------,

Ron B1'11dley- National Test Pilot School
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NTPS Biography
Ron Bradley
Test Pilot Instructor
Director of Flight Opel'lltions
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 I Hours [Flown over I SO different airc1'11fi]
Total Time (6000 hrs) [5I70 pilot/830 navigator]
F-4 (3300 hrs) [2700 pilot/600 Weapon System Operator]
E-8NC [modified B-707) (400 hrs)
F-I6 (3SO hrs)
T-38 (I7S hrs)
F-I5 (ISO hrs)
A-7 (25 hrs)
MB-3261mpala (200 hrs) [current]
SK-3S Draken (25 hrs) [current]
F-4 Combat AC/WSO (433/486 hrs)
Instructor Pilot F-4/F-I6/0ther (1600n5/SO hrs)
Airline T1'11Dsport Pilot B-707/B-720/B-737 Type Ratings
Expoi~IIC~:

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 experience with the F4, F-1 5, F-16, and E-8A/C weapon systems.

Test Program Exp~ri~nc~:
F-4 new weapons release computer for Federal Republic of Germany
http://www.ntps.edu/bioslbradley.htm

12/4/2003

Ron Bradley- National Test Pilot School

Page2of2

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

National Test Pilot School
P.O. Box 658
Moja\'e, CA 93502-0658 USA

http://www.ntps.edu/bioslbradley.htm

Phone: 61il-824-29n
Fa.x: 661-824-29~3
Email: rfJradleyc(nrp,.edu

1214/2003
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INITRUMftiT PROFICIENCY CHECK • fAR ii1Ji7{d)

DFIC:IfNCY CHECl • fAR IIU7(d)
t-IAS SATISfACTORILY
INST~UMENT

PflOFICIENCY CHECK ON 'OilS DATE.

_trJ

HAS SATiSFACTORILY
COI/IPLET£0 AN INSTRUMENT PFIQ~ICIENCY Ci't.CK ON THIS DATE.

MA1MS

DATE

UP.

DFIC:IENCY CHECK- fAR ifi.U{d)

HAS SATI&!ACIOHLLY
INSTRUMENT PROFICIENCY CHECit ON THIS DATE.
_Cfl
tJ<P.

CFI
~XP.

CFI NO,

IHIJRUMENli'RDFICIEHCY tHECl- fAR iD1.51{d}
HAS SATISf.ACTOFIILY
MR....,.,S
COMPLHEO AN INSTRUM£NT PROFICIE.NCY CHI:CK ON THIS 0ATE
OATE

CFI
EXP.

c•1 NO.

OFICifHCY CHECl- fAR tU.51{d)

IIISTRUW:NT PROfiCLEHCY CHfCl• fAR l6U7(d)

11AS SAfiSFACTORILY
INSTRUMOIT PROFICIENCY CHECK ON THIS DATE
_CFI

HAS SATIS•ACTORILY
MRI\IS
COMPlETED AN INSTRUMENT PROfiCIENCY CHtCK ON THIS DATE.

"''

OA'E
CFINO.

Cfl

EXP.

•.

INSTRUMENT PROfiCIENCY CHECl• fAA IDU7tdl

FLIGHT REVIEW • fAR 161.51

lolA IMS
HAS SATIS~o\CTORILY
COMPlETlD AN INSTRUMENT PROfiCIENCY CH£CK ON lHIS DATE

MR.IMS.•"O'O~========-- HAS SATISFACTORILY

DATf

CFI
CAIENO

CFI NO.

ExP.
===~C~f~l======[ijc======

COMPLETED A FLIGI11 REVI(W ON IHIS DATI

======[ijc======

===:C~f~l

EXP.

INSTRUMENT PROfiCIENCY CHECK- fAR f&1.!11(d)

fLIGKT REVIEW· FAR16f.U

t.IR.IMS
I1AS SATISfACTORILY
COMPLET£D AA INSTRUMENT PROFICIENCY CHECK ON THIS DATE

MRJMS ="""'="""=====--HAS SATISFACTORILY
COMPLHED A fUGHl REVIEW ON THIS DATE.

-::::=::CFI::'.:=====::ow:::======

Cfl
DATENO _

FLIGHt REVIEW • fAR 161.56

[XP.

UP
--===~c="======Tx.-:::======

Cfl
OAT£NO_

FliGHT REVIEW • fAR 161.11
MR.'MS .~~========-- ttAS SATl5fAClJi.,Lt

COMPUTED AFUGHl REVIEW ON THIS DATE

OATf

CfiJm

UP.
===~C~fl=====~iJ'======
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asof 28Sep02
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DATE: APR.lS, 2004
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-----·-----..·----------·--SUBJECT: 1\IA.JOR KThi'S CrrlnCATE OF FuGHT ExrERIENCE

Dear Mr. Kristi Dunks,
As I mentioned in the Email, I fu you Major Kim's fli&bt record cetified by the
Korea Air Foroe.
Please find the attachment. and it you have any q11atioa or eoncems 1please let me
know.
Attachment: Certillate of Flight Exporieaoe

Sincerely,

Colonel HyuagChal J<im, Air Attache
Embany of the Republic ofKore:a

P.01/02
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CERJIFIC.AI._ILQF FLIGIU' EXPERIENCE

0:

Group

~-----------------------------

~-------------------------------------------------------=---------: rhu cenif..., Flight experience of the penon mentioned above according 10 article 79, Korea Aviation Enforcemcnl
~

J,Jatc: 08 JanUIIl)' 2004
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Agency: H.Q. ROKAF

Telephone: 02-506-)561

~

Chief of Staff ~ ~
::~PI

~

Ref: NTSB ID LA.XO~FA057 Wing DerringerD-1 N8602J
To: Kristy Dunks @ NTSB
From: Dan Chandler, Work Phone 661 824 4136
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 involvement in the theory.
Follower assembly PIN 300225-27
Elevator control tube (forward) PIN 300020-5
Elevator control tube (Aft) PIN 300020-7
Photo #I shows the elevator control at its most aft position with the top of
the follower assembly positioned forward. The forward end of pin 300020-5
was found attached to its normal point at the lower end of elevator vertical
control tube (not shown). The aft end of pin 300020-7 was found attached to
its normal point at the elevator control bellcrank. With the two control tubes
fixed at both ends and at the follower assembly, this places a point of the
forward section of pin 300020-7clevis (missing) hard against a section of the
follower assembly PIN 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. I 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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FOLLOWER ASSEMBLY

CONTACT AREA

IMPACT FORCE

#1
Photo 1. Elevator Control (1)

VIEW FROM RIGHT SIDE

l

Photo 2. Elevator Control (2)

Photo 3. Elevator Control (3)

fileJ//AI,'RADAR%20Fll.ES/n8602j%20lat%201ongs.txt
16:37:21.421
16:37:26.216
16:37:30.696

I f37:3s.sa1

:37:40.296
1 :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
:39:42.222
=39:47.018
16:39:51.497
16:39:56.303
16:40:01.089
16:40: OS. 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
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

I.

42:31.171
42:35.974
42:40.452
16:42:45.259
16:42:50.054

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
35.013 02727
35.01152713
35.00926715
35.00623594
35.00509403
35.00318466
35.00088332
34.99818475
34.99663622
34.99391513
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
34.89791326
34.89533166
34.89303621
34.89178491
34.88911631
34.8882852
34.88546924
34.88366026
34.88134927
34.87852652

-118.1862802
-118.1882097
-118.189483
-118.191686
-118.1911711
-118.1926969
-118.1939057
-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
-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

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

TIME (UTC)
LAT
16:37:21.421
35.04586806
16:37:26.216
35.04379323
16:37:30.696
35.04240195
16:37:35.501
35.03995188
16:37:40.296
35.03697693
16:37:44.776
35.0352184
16:37:49.576
35.03380469
16:37:54.377
35.03095916
16:37:58.856
35.02952744
16:38:03.652
35.02658502
16:38:08.459
35.02407143
16:38:13.255
35.02262725
16:38:17.735
35.01495415
16:38:22.539
35.01826113
16:38:27.018
35.01675444
16:38:31.816
35.01823589
16:38:36.623
35.01302727
16:38:41.409
35.01152713
16:38:45.898
35.00926715
16:38:50.697
35.00623594
35.00509403
16:38:55.502
16:38:59.980
35.00318466
16:39:04.778
35.00088332
16:39:09.256
34.99818475
16:39:14.054
34.99663622
16:39:18.859
34.99391513
16:39:23.340
34.99030679
16:39:28.143
34.98757855
16:39:32.939
34.98405146
16:39:37.417
34.98208279
16:39:42.222
34.9785231
16:39:4 7.018
34.97574054
16:39:51.497
34.97334607
16:39:56.303
34.9705418
16:40:01.089
34.9681292
16:40:05.577
34.96449529
34.96206297
16:40:10.376
16:40:15.178
34.95840044
16:40:19.657
34.9559497
16:40:24.453
34.95267117
16:40:29.248
34.94979264
16:40:33.74 7
34.94787041
16:40:38.534
34.94495413
16:40:43.339
34.94161114
16:40:47.817
34.93825786
16:40:52.613
34.93657752
16:40:57.411
34.93363123
16:41 :01.887
34.93067703
16:41 :06.695
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
-118.1939057
-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

MODE3A
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

MODEC
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

GROUNDSPEED

-118.2596603

1200

UNK

134

1 vf

~

112
112
112
112
112
116
116
116
116
116
112
112
112
112
112
112
112
120
120
120
120
120
120
120
140
140
140
140
140
140
140
140
140
140
140
140
140
140
134
134
134
134
134
134
134
134

MAG COURSE

193
193
193
193
193
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
195
186
186
186
186
186
186
186
186
186
186
186
186
186
186
186
187
187
187
187
187
187
187
187

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

187

UNK

n£SE RECORDS MAY BE RB..EA.SABLE I..N)ER lHE FO&A REOI..EST 15
ClAVI AFTER. 6tGNAl\IE O,..TE UNL£SS..,...; tEAR OTtERWISE FROM
FAA NTSB C~SEL

-UiOooalmon

'0

cllUIIPQi ..... l

()lo...,_,.

!1Do2~

C<ly

a..-.

13 12S

Tuesday, January 20, 2004

Adt••••llallllih

National Transportation Safety Board

1515 W. !90th SL. Suite 555
Gardena. CA 90248
ACCIDENT I

0353

DATE OF ACCJOENI'

JNJMotJAI.J: 001

NAME: BRADLEY. RONALD G.

1:w4120CD

DATE RECEMD

Nl 860'2.1

NTSB.

LOCAnON OF ACCIOENT

12./0Q/2003

LAX~FA057

MODE: AVIATION
PtJTREFACTION:

CAMI REF I

Yn

200300353001

ROSAMOND, CA

SPECIMENS

_ _ _:_:_FINAL FORENSIC TOXICOLOGY FATAL ACCIDENT REPORT

-,

CARBON MONOXIDE: The carbOxyhemoglobin (COHb) saturation Is determined by spt!Cb'Ophotometry
with a 10% a;l off. Vv'tlere possible, positive COHb values are confirmed by GCITCO.
>>NO CARSON MONOXIDE detected in Blood
CYANIDE: The presence cr cyanide ls screened by Conway Diffusion. Posrbve cyanides are quantitated
using apecltophotomelzy. The limit of qu..nlltatlon of eyal'llde is 0.25 uglmL Normal blood cyanide
c::oneenb"ations are less tl"lan 0.15 uglml. while lethal concentrabOI'IS are greater than 3u\VmL
»NO CYANIDE detecte:t In Blood
VOLATILES: The volatile concentrations are determil'led by heads pace gaa chromatography at • cut off cf
10 mgldl.. VVhere possible, positive ethanol values are confirmed by Rad•ative Energy Attenuation.
>> 10 (mgldl., mglhg) ETHANOL deteded in Blood

» 33 (mgldL, mglhg) ACETALDEHYDE detected in Blood
»

NO ETHANOL detected in Musde

» NO ETHANOL detected in Brain
-Notes:
·The ethanol found in this case is from postmortem ethanol formation and not from tl"ie
~ngestion of ethanol.

DRUGS: Immunoassay and chromatography are used to screen for legal and Dlegal drugs which include:
amphetamine (0.010), opiates (0 010), marihuana (0.001), cocaine (0.020), phencyclidine (0.002).
benzodl.azepines (0.030), barbiturates (0.060), antidepressants (0.100), antihistamines (0.020),
meprobamate (0.100), methaqualone (0.100). and nicotine (0.050). The values In 0 are the tlveshold
values in ugfmL used to report positive results. Values telow this concentration are normally reported as
not detected. GCJMass Spec, HPLC!Mass Spec. or GCIFTJR, is used to eonfinn most positive results.
:>> NO DRUGS LISTED ABOVE DETECTED in Blood

DenniS Canfield, PhD.
Manager, Bioae:roo.alJiical

Date: 2004.01.23
12:51:20 -06'00'

Soences Research LaboratOtY
Page1ofl
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DAYS~ SIGN,t..TURE DATE LH.ESS 'foE HEAR OTHER'MSE FROM

FAA NTSB COUNSEL

-.,._......

ol LOIWdOi

Friday, Ja"""'Y 02, 2CO.C

MniiAI:CIIUh

National Transportation Safety Board

1515 W. 190th Sl, Su~e 555
Gardena, CA 9024 B
ACCICENTI

0353

DATE OF ACClCEHT

INlMIXJALI: OOZ NAME; KIM. CHEON G0N

MODE:: AVIATION

12JIMI2003
N I 1802J

CAMIREFI

LOCAnoN OF ACCIDENT

DATE RECEIVED

NTS8 I

1V0912003

LAX04FAOS7

PUTREFACTlON:

No

200300~

AOSAMOI'C. CA

-FINAL FORENSIC TOXICOLOGY FATAL ACCIDENT REPORT

J

CARBON MONOXIDE: The cartloxy1'1emoglobin (COHb) saturation is determined by spectl'tlpl'lotorr'M!try
with a 10% cut off. Where possible. positive COHb wlues are confirmed by GCITCD.
>>NO CARBON MONOXIDE detected In Blood
CYANIDE: The presence of cyanide is screened by Conway Oirtusion. Positive cyanides are
quantitated using spectrophotometry. The fimll of Quanti~bon of cyanide Is 0.25 uglmL Normal blood
cyanide concentrations are leu than 0.15 uglmL, while lethal concentra~s are greater than 3ugJmL

»NO CYANIDE detected in Blood
VOLATILES: The volatile concentrations are eetltfTTlined by headspace gas dvomatography at a cut off
of 10 ITig/dL Where possible, positive elhal'lol values are confirmed by Rad1ative Energy A:tenuation.

» NO ETHANOL detected in BJood
DRUGS: Immunoassay and ctvomatography are used to screen for legal and illegal drugs which
include: amphe~mlne (0.010). optates (0.010). marihuana (0.001), eoca1ne (0.020). phencydidine
(0.002). benzodiazepines (0.030), barbiturates (0.000), antidepressants (0. 100), antihistamines (0.020}.
meprobamate (0. 100), methaqualone (0.100), and nicotine (0.050). The values in 0 are tl'1e threshold
vatuas in uglml used to report posibve resultS. Values below lhta concentration are normally repor1ed
as no1 detected. GC/Ma11 Spec, HPLC/Mass Spec, or GCIFTIR, 111 used to conf1rm most positive results.
»NO ORUGS LISTED ABOVE DETECTED in Blood

Dennis Canfield, PhD

Manager, BloaeronauXal

Date: 2004.01.23
13:23:45 -06'00'

Sc.I'!OeS Resun:h l.llbonltory
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CASE 1: C·246H)3

KEn.-1 REGIONAL CRIMINALISTICS lABORA•vRY
REPORT OF ANALYSIS • CORONER'S REQUEST

I

CASE DATE 1214/2003

I

I

COLlECTION DATE; 121"..12003

LAB •. CT03-oo59S.01

SUBJECTS ~E: Ronald Gay B111dJey

CRIME LAB/ RECENED DATE: 121912003

REFERENCE VB:

RErE!lENCE lAB 0:
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0
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0

~ VOiatles

oCM>o~
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..
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.
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t ,-

..

..
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8
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DATE OF
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u v 0
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MCF
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X

Negatrte
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Bartiit~~t.ates
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Cod Sine
MorphJ,.._

Acety!morph•ne
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t.1ar.tl.OOltla
Alcot>ol

CD
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.

NOTES:
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~""
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DATE: Decombet 26. 2003
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.......... ·- .................. . .
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CASE 1: C-2•62-CJ

liliOOI

:.:l,

KE .•

4 REGIONAL CRIMINAI.ISTICS' • 6
ORY
REPORT OF ANALYS!S • CORONER'S REQUEST
rCASE DATE 121oll2003

r

SU!!JECTS NAME: C/leon;on Kim

REFERENCE LAB '·

[j Carbo~obin

~Orog5=en

QlnevlduaiOr.og

n

LAB ' CT03-C0596-CI

' CRIME LAB I RECEIVED CATIE: 121W2003

REFERENCE UIS:

{!]Alcohol

l

COLLECTION OATIE: 121512003

0

Vorati!es
.

. -- . .

Otnor(s)

•SAMPLE
TYPE

TEST

B
CRUDS OF AI! USE:

u v

LABORATORY RESULTS

ANALYST(S)

DATE OF

ANALYSIS

0

X

Newa:t.oa

MCF

1211612003

X

NegatJVa

MCF

1211712003

MetnamphetarroQ
Amphetamine

Barbiturates

B«tzodiazepfrw: s

Cc<amo

Opates
Code-N
Morphina
Al:elylrnorphlne

PCP

r..mJUana
AJc.o'>d

co
V~anles

aI!QIU:

·r:r:::

u.u••

o-ot-•

REVIEWED BY:

DATE: December 26,2003

1-7. ·df'

STATEMENT Of PARTY REPRESENTATIVES TO NTSB

I~~STIGATION

Aircraft Identification
Registration Number 8~04
Make and Model -;W~joq'5--"Dc:·.I.I_ _ __
Location

Date

LAr.tp\ct. (Ad

1~·'1· ~j

The undersigned hereby acknowledge that they are
participating in the above-referenced aircraft accident or
incident investigation (including any component tests and
teardowns or simulator testing) on behalf of the party
indicated adjacent to their name, for the purpose of
providing technical assistance to the National
Transportation Safety Board.

The undersigned further acknowledge that they have read the
attached copy of 49 C.F.R. Part 831 and have familiarized
themselves with 49 C.F.R. § 831.11, which governs
participation in NTSB investigations and agree to abide by
the provisions of that regulation.
It is understood that a party representative to an
investigation may not occupy a legal position or be a person
who also represents claimants or insurers. The place~e~t of
a siqnature hereon constitutes a representation that
participation in this investigation is not on behalf of
either claimants or insurers and that, while any information
obtained may ultimately be used in litigation, participation
is not for the purposes of preparing for litigation.
By placing their signatures hereon, all participants agree
that they will neither assert, nor permit to be asserted on
their behalf, any privilege in litigation, with respect to
information or documents obtained during the course of and
as a result of participation in the NTSB investigation as
described above. It is understood, however, that this form
is not intended to prevent the undersigned from
participating in litigation arising out of the accident
referred to above or to require disclosure of the
undersigned's communications with counsel.
SIGNATURE

NAME (Print)

PARTY

~-aqc=r D ""A..<nk fR ~

JoL .. "fi .. tltr

l.veo.,.j"'<#

(Continued on reverse tide]
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F/A-22 Takes a Fall
Test aircraft crashes soon after takeoff;
search for the cause is in high gear
DAVID A. FULGHUM and ROBERT WALl/WASHINGTON
Cutting the F/A-22 acquisition number that drasticall~uld have huge ne
term implicati~ ~~r F/A-22 production
lines at ~eed Martin and oeing.
The latter · ds one-third of th ·
"s
struct_';!J . The Air Force s already
awa_p:red contracts for 83 the stealth
fighters. If production ere capped at
/rtear 100, it would for the companies
to start shuttering r es soon after 2006.
. It would also u ermine efforts toreduce the price f the fighter, since su
pliers woul o longer be able to a ortize effie" ncy improvements ov r the
rest of e program. The Air Fo ce says
the st of an F/A-22 is about 130 milli , although that doesn"t count for
e billions spent on its d ·elopment.
The repercussions o
e V-22 could

be nearly as severe.

ficials are brae·

ing for a near-ter
eduction of eigh
tillrotors in the 2 6-11 budget period.
The aircraft, alt ugh they haven't been
cut outright, e moved beyond the defense plan ng period.
.. The n ar-term impact would be t

arly analysis of the recent Lockheed Martin F/A-22 crash at Nellis AFB. Nev. is, for the most part,
producing theories of what did not
cause the accident.
But Air Force officials fear-that \\ith
Congress looking to cut programs in order to finance more ground troops-it
is almost certain the mishap will further
delay production, and ultimately jeopardize the stealth fighter's future.
THE TEST DID NOT involve flying with
a heavy ferry-load offuel, shifting the
aircraft's center of gravity or taking off
with insufficient speed.
"It was a routine flight \\ith no unusual
configuration of external fuel tanks or
weapon stores," says a senior Air Force
official. "The problem appeared on takeoff 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 sudden the nose went down. The pilot had
abou! 1.5 sec. to react, so he ejected."

lE

There were areas of immediate

in~

terest. One early inquiry involved de~
terrnining if there was an aircraft taking ·
off on a parallel runway that could have
produced a wake or vortices that affected the F/A-22.
In September, an F/A-22 was stressed
to 10-llg, 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 operations
instead of high-altitude flight where it

was man~uvering at the time of the incident, according to Air Force officials.
"The high-rate command was supposed to have been ironed out," the
senior Air Force official said. "That
problem was fixed, but the software
could still have some squirrels in it" The
aircraft involved in the incident has re-
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maincd grounded
and USAF officials are still uncertain whether it
will ever fly again.
An Air Force
official
notes:
"Now that we understand the sensitivity to turbulence
with external fuel tanks, we have identified modifications to our flight control
software to preclude this from happening again." The adjustments have been
tried out in a laboratory and are being
incorporated in the aircraft for flight
testing.
THE FAULT UADINCi to the crash also
is unlikely to have been associated with
the assembly process. The aircraft is one
of a small number of production representative test vehicles built starting in
1999. These aircraft were assembled
between the development phase and before the Air Force was given the green
light to commence low-rate 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 aash of a Lockheed Martin
F/A-n at Nellis AFB, Nev. was the semnd
Cass Aincident for the stealth fighter in 2004.
F/A-22s soon after the Dec. 20 crash.
The service has seven F/A-22s remaining at Nellis, \\ith eight at Edwards AFB,
Calif., and 13 at the training unit at Tyndall AFB, Fla.
The still-unnamed pilot was conducting a training mission and was unharmed. This test pilot and Weapons
School graduate has about 60 hr. in the
F/A-22, making him one of the more experienced 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-

er of the 49th
Fighter Wing at
Holloman AFF
N.M., will lead the
safety board. The
accident board "ill
be headed by the
Air Combat Command's Col. Ted Kresge.
The only other crash of the design was
a YF-22, early in the program, as theresult of pitch control problems. Over-sensitive controls produced ,·iolcnt altitude
oscillations that ended in a wheels-up
landing from which the pilot walked.
Lockheed Martin was hoping to complete assessment of the aircraft's critical 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 flight ops may delay that event USAF officials had hoped
to declare the first F/A-22 operational
unit ready in December, although acquisition 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
"

S

wiss authorities are tf)·ing to
achieve a balance in investigating
the first crash of a Pilatus PC-21
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, S\\itzerland, killed Andy Ramseier, the company's chief test pilot, and
injured one pedestrian. Swiss authorities immediately grounded the other aircraft, which was also flying at that time.
The accident occurred at ahout 4:20p.m.
local time, Jan. 13, when the trainer
touched the ground and went out of control over a nearby dam, where the pedestrian was struck.
An accident investigator notes theremaining aircraft was first grounded so
officials could inspect it. But Switzer•

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 protol)pe flight.
The PC-21 is critical to
Pilat us' future, although
the company continues to
offer the PC-9M and PC7 Mk. 2 trainers, and PC12 single-engine turboprop
general aviation aircraft
that have long hec·n the
backbone of its ord.-r
hook. With the PC-21, i!
decided to forgo fur! her
One of two Pilatus PC-21
train•r prototypes brok•
apart durinz a Jan. ll cruiL

trainer upgrades and instead gamble On
an entirely new design. The aircraft is
powered by a Pratt & Whitney PT6~
688 1,600-shp. turboprop engine, has
a Martin Baker MK 16L ejection seat;
and a glass cockpit compatible with
night-\ision goggles.
i 1
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 cusl
tomer. The two prototypes had amassed
more than 750 flight hr.
'i
Pilatus officials so far have refused to
address the accident, or its impact on the
PC-21 program and the oompany's long;

. ,,

siso

term health. It has spent more than
million on the program.
- -An accident investigator says author·
.ties are aware that the PC-21 program
is crucial to the company, and \\ill consider that as they pursue their analysis.
The investigation could take months to
oomplete, but authorities may issue a ~
liminacy finding-of-facts much earher,
the official notes, which could return th~ ~
aircraft to flying status. The ~nal de:'sion on return to flight rests wtth the crv- '
i1 a\iation authority.
•, LAST WEEK. investigators were still assessing 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 yield valuable dues from ~m
puter memory that may have survrved
the crash.
/I.' I
Pilatus was recovering from a sharp
drop in aircraft sales and earnings_in
~002 and the crash could cause a s1g·
~ific;nt setback. PC-12 sales grew in
2003 with 61 deliveries, and in 2004,
With ;bout 70. Projections for 2005 are' '1
that PC-12 sales will grow further, although the weak dollar has had a neg· 1
ative earnings impact.
0

PC-21 Plan
ROBERT WALUWASHINGTON
Pilatus plans to upgrade ~s remaining
PC21 prototype and add the first production 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 PC21
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 aviation agency say their preliminary examinations don't suggest any technical
problems w~ the aircraft, so the grounding could be lifted.
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 apart, the Swiss federal de·
rtment of environment, transport, en·
y and communications said late last
pth. The pilots flew the same rou·
" line previously performed during a flight
display in Payeme, Switzerland, in September 2004. The accident investiga·
lion 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, it is
being upgraded to
take on the roles of
the destroyed airplane, primarily full
\
avionic testing. Pila·
Ius says in a state·
men! that HB·HZA
should be ready to 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·

Ji

cation,• Pilatus says.
At this point, the com·
pany isn't planning
-.tHtJ
).

.... , .
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Flying High
Companies predict another stellar y r
despite looming budget ax
JOSEPH C. ANSELMO/WASHINGTON

A

erospace executives are force mg another robust business cycle in 2005,
despite a Bush administr on proposal to cut at least SJO billion from
the Pentagon's six-year
nding plan.
/
··
Defense titan
· eed Martin Corp., which would be hit ha a if proeality, inposed cuts to th /A-22 and C-1301 aircraft programs bcco
crea<;ed its sales and e· ings forecast for 2005 last week as it repo d a 20% hike
in net income duri _QW to $13 billion. Net sales rose 12% to
5 billion, fueled
by strong growl n the company's information technology d aeronautics busi-

nesses.
Lockh
Martin's fourth-quarter net earnings ros
$372 · ion, while sales were up II% to S10 billion eneral D)namics also rolled
out
ust financial results and says it expects ca ngs to grow another 11-13% this
year. The company"s net income for 2004 grc 220(; to $12 billion. Revenue rose
17% to $19.2 billion, bolstered by strongs; s in its information technology unit.
WHILE A MASSIVE FEDERAL budget d' ·it and the costly war in Iraq arc putting
pressure on the Pentagon. company
airman and CEO Nicholas D. Chabrajaanticipates robust U.S. defense spc ng will be maintained in the ncar term What
we hear is investment account. · the 2006 budget arc expected to be
over the
2005 level by a modest buts' ificant amount," says Chabraja.
For the fourth quarter eneral D)namics reported a net inc e of $336 million~ a 21% rise from
c same period a year earlier. Quarter) evenue rose 11%
to $5.2 billion.
To be sure, th •
ite House's proposed budget cuts
"C made investors nervous, leading t
modest decline in defense stocks as ' I Street waits for more details. Presi nt Bush"s fiscal 2006 defense budge equest is expected to be unveiled on cb. 7.
Thomas W. Rabaut. president and CEO of c tbat vehicle and weapons contmctor
United Defense Industries, says Air Force d Navy programs could be cut to help
teves it's too early to assess the impact on
the Army pay for war-related costs but
his company. UDI's fourth-quarter net income rose 8% to $31 million on revenue
of $596 million, a 14% increase. For the year, the company's net income rose-IS%
to $166 million, while revenue grew 12% to $2 billion.
0
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any design modificatio to the aircraft.
Other series produc · n aircraft will start
becoming availabl tn December 2005,
says Pilatus Pre · ent and CEO Oscar'J.
Schwenk. Mor over, he insists th~ven
though the P. ram has lost some)ilne due
to the ac · en!, its future isn't !rJeo_pardy.
Pil
s has yet to secure i!'first PC21
cu omer, although disc~ons with sev- ,
era! potential clients are underway. The
leading candidate may be the Swiss air
fu=.
0

The PC-21 prototype !bat <mhod last
month served to validale the lull-avionics
functionality. The remaining PC·2t wiD now
reuive all aspects of that system, whidl
indudes glass codpit and bead-up display.

Büro für Flugunfalluntersuchungen BFU
Bureau d’enquête sur les accidents d’aviation BEAA
Ufficio d’inchiesta sugli infortuni aeronautici UIIA
Uffizi d'investigaziun per accidents d'aviatica UIAA
Aircraft accident investigation bureau AAIB

Final Report No. 1909
by the Aircraft Accident
Investigation Bureau

concerning the accident

of the aircraft Pilatus PC-21, HB-HZB, Prototype P02
on 13 January 2005
on Buochs aerodrome, municipality of Buochs NW
approx. 12 km SSE of Lucerne

Bundeshaus Nord, CH-3003 Berne

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 accident/incident causes and circumstances is expressly no concern of the accident investigation. 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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Final Report
Owner

Pilatus Flugzeugwerke AG, 6371 Stans

Operator

Pilatus Flugzeugwerke AG, 6371 Stans

Aircraft type

Pilatus PC-21 prototype

Country of manufacture

Switzerland

Registration

HB-HZB

Location

Buochs aerodrome

Date and time

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 aerobatics 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 number 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 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 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 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 400 ft QFE. Aircraft P01 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 cooperation with the Nidwalden cantonal police at the site of the accident on the same day at
18:00.
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1

Factual information

1.1

History of flight

1.1.1

Pre-flight history

HB-HZB

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 certification 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 potential 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 addition 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 member 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 aircraft.
During the briefing, it was decided that P01 would start as leader and a minimum
height above ground of 500 ft was decided. Runway 07L/25R served as the centre line of the display and the road which crossed the aerodrome served as the
‘centro’ (the centre of the display space). For the combined aerobatic figure looping and horizontal circle they convened, that P01 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 aircraft available. Around 16:25, the pilot climbed on board the aircraft in the hangar. Shortly after this, the maintenance was completed and P02 was rolled out of
the hangar.
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1.1.2

HB-HZB

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 performed 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 contact 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 P01 to continue flying
his figure with the words “keep going”. His position was markedly behind that of
aircraft P01.
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 P01 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 towards 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 P01 was able to land on Buochs aerodrome undamaged.
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1.2

1.3

HB-HZB

Injuries to persons
Crew

Passengers

Third parties

Fatally injured

1

---

---

Seriously injured

---

---

1

Slightly injured or uninjured

---

---

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. However, 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 contamination was combated by the competent military services.

1.5

Personnel information

1.5.1

Pilot P02
Person

Swiss citizen, born 1965

Licences

Air Transport Pilot’s Licence, issued by the
Federal Office for Civil Aviation on
29.11.2004
Commercial Pilot’s Licence, helicopter
CPL(H)

Ratings

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

Registered aircraft classes

SE Piston; Pilatus SET

Registered aircraft types

PC12; PC9/PC7MkII

Medical fitness certificate

Class 1
VDL (must wear spectacles)

Last medical examination

13 August 2004

Other permissions

Special permission A for performing aerobatics below the legal minimum height
above ground issued by the Federal Office
for Civil Aviation on 02.08.2004
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1.5.1.1

HB-HZB

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 attended a course for test pilots of several weeks’ duration at the National Test Pilot School (NTPS) in the USA. According to the available documentation, no training in aerobatics or formation flying was provided at this school. All further training in aerobatics took place within the company.
On 16.11.2000, the pilot was authorised after an internal check to perform aerobatics 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 already been practised earlier by the two pilots on Buochs aerodrome.

1.5.1.2

Other duties
In addition to his activity as a works pilot with Pilatus Flugzeugwerke AG, the pilot 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

1.5.2.1

HB-HZB

Pilot P01
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 aerobatics 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

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

HB-HZB

General
Manufacturer

Pilatus Flugzeugwerke AG

Type

PC-21 prototype

Characteristics

Turboprop aircraft, low-wing, full metal
construction with pressurised cabin and
ejector seat

Seating positions

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

Year of construction / serial number 2004 / P02
Airworthiness certificate

Provisional airworthiness certificate, issued by the Federal Office for Civil Aviation 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 (prototype).

Certification

VFR day

Operating hours

161:17 hours

Mass and centre of gravity

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.

Maintenance

On 12.01.2005, at 161:17 operating
hours, an early 100 hour inspection was
carried out.
WO No. 819742.

Fuel

462 litres JET A1 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.

Flight time remaining

Aircraft Accident Investigation Bureau
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1.6.2

Engine

1.6.2.1

General

1.6.2.2

HB-HZB

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 available (805 kW or 1080 SHP); this is then increased progressively as speed increases (above 200 kt to 1193 kW or 1600 SHP).
As a result, among other things the behaviour of the aircraft on take-off and acceleration is intended to resemble that of a jet aircraft.

1.6.3

Propeller
Manufacturer

Hartzell

Type

HC-E5A-2/E9193B,K

Construction

5-bladed, variable pitch, feathering, constant
speed composite propeller

1.6.4

Cockpit equipment

1.6.4.1

General
The PC-21 aircraft has a modern two-man glass cockpit in a tandem arrangement. The equipment consists of IFR equipment with FMS according to civil criteria 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 a 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)
up front control panel (UFCP)
engine monitor display
primary flight display (PFD)
2 multi function displays (MFD)
AMLCD standby instruments
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Layout of the front workstation

Layout of the instrument panel
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1.6.4.3

HB-HZB

Head-up display (HUD)
The cockpit was equipped at the front with a head-up display. The most important flight data were projected in the pilot’s primary field of view, so that they
were visible to the pilot at all times.

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:
•
•

1.6.4.4.1

a barometric altimeter system
a radio altimeter system

Barometric altimeter system consisting of the following components
•
•
•

pitot static system
primary air data computer ADC
secondary air data unit ADU

The pitot static system (Prandtl) supplies the necessary parameters, i.e. static
and total pressure, to the primary air data computer (ADC). This supplies the altitude data to the following devices:
•
•
•
•

altimeter displays
PFD
FMS
HUD signal generator -HSG

The ADC converts the pressure signals into engineering units and makes the information 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 socalled engineering units in the secondary flight display (SFD) for display purposes.
Altimetry errors
Measurement errors occur in all aeronautical barometric altimetry systems.
Among other things, these depend on airspeed, altitude and aircraft configuration. 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 P01 was not equipped with an SSEC chip.
In the case of aircraft P01 without an SSEC chip, the altimetry error at approximately 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
•
•
•

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 computer, 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 P01 HUD
From the HUD camera video recording it was possible to establish the barometric
altitude displays on the HUD during the entire flight of P01. 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

System description, flight control

1.6.5.1

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.
1.6.5.2

Secondary control
The secondary control system consisted of flaps and an airbrake, which were operated hydraulically.

1.6.6

Ejector seat

1.6.6.1

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.

1.6.6.2

Operating limits
The Type A Mk CH16C ejector seat was specified as a so-called 0/0 seat, meaning 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 depended 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

HB-HZB

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 latter 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.

1.6.8

Finish of the aircraft P01 and P02
Aircraft P01 was painted matt black (Akzo Aerodex Finish matt 00744 black).
Aircraft P02, the one involved in the accident, was painted silver-grey (Akzo ECLG-850 Mica Silver non-metallic System plus ECL-G-2 Clearcoat).

© Bruno Althaus

1.6.9

Maintenance of the aircraft
The aircraft were maintained by the Experimental Shop (AX), a specialised unit of
Pilatus Flugzeugwerke AG.
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Periodic checks carried out on aircraft P02:
Airframe hours
(time since new)

Date
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 implemented. 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 removals and refittings.
1.7

Meteorological information

1.7.1

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.

1.7.2

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 different 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

HB-HZB

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 vicinity 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.

1.7.4

Position of the sun and lighting in relation to Buochs aerodrome

1.7.4.1

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, because different definitions are used.
1.7.4.2

Position of the sun
At the time of the accident, the sun was low on the south-west horizon. The azimuth was 235° and the elevation was 2.6°.
The diameter of the sun was 32.5 arc minutes (approximately 0.5 degrees).

1.7.4.3

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. Bürgenstock and the southwest side of the Rigi were still in sunlight. Please refer to appendix 3.

1.7.4.4

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

HB-HZB

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 P01.
The pilot of P01 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 formation.
Communication between the two aircraft P01 and P02 took place on the company 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
on the
brakes
“looping,
main
during
looping
now”
switch
take-off
21:09
06:12
0:00
looping, loop-

by

P01 pilot

21:14
21:23

06:17
06:26

0:05
0:14

ing now
nice
contact

21:26

06:29

0:17

visual

P02 pilot

21:36
21:38
21:46
21:47

06:39
06:41
06:49
06:50

0:27
0:29
0:37
0:38

keep going
turn right
where are you
we have an
accident

P02 pilot
P02 pilot
P01 pilot
Observer
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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 orientation 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 required at all times (PPR: prior permission required).
The aerodrome was used by the Pilatus Flugzeugwerke AG company as a company 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:
•

Recording data from the open systems mission computer, plus 2 video
channels and 2 audio channels on the removable memory module, a solidstate 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.

•

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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•

The Windows XP operating system and application software were stored in
the permanent memory module on the PCMCIA flash storage card.

1.11.1.4

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 signals 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.

1.11.1.5

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 parameters 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 parameters would have been readable.

1.11.1.6

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 parameters 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.

1.11.2

Analysis of the P01 video recordings

1.11.2.1

Introduction
Aircraft P01 and P02 were equipped with a permanently installed camera positioned 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 P01 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:
•

Data which was based only on the HUD displays and which were therefore
independent of the video signal provided by the camera.

•

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 account as a result of the tolerances of the camera alignment and the superimposition of the HUD symbols.

In order to evaluate the accuracy of the video data used, these were first compared with an earlier flight by P02, during which the flight data has been recorded. 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 second.
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 information 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 inclination 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 aircraft, 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 adjustments were also stored, had to be swapped out on aircraft P01. After that the
HUD symbols and video were re-set.
By means of the above-mentioned test and the available video data, the adjustment at the time of the accident could be reconstructed with reasonable accuracy. The optical axis was inclined approximately 3° downward in relation to the
longitudinal axis of the aircraft (which corresponded to the mechanical installation) 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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Results of the HUD data analysis
General: Only the HUD symbols on the video were used for the HUD data analysis, 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 approximately 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 altitude.
A comparison with earlier data from P02 showed the same effect.
An analysis of data from different flights showed, that the discrepancy was attributable to the different aircraft configuration (gear and flaps retracted).
Normal acceleration:
Normal acceleration (Nz) 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 recorded as follows:
At the moment of the radio communication: “looping, 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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Nz: 3.3 g
Pitch: -5.8°
Angle of Bank (AOB): 50° right

About one second later, when pitch and roll were zero, the data showed the following values:
•
•
•
•
•
•
•
•

Video time: 00:21:10
Altitude: 390 ft Baro Alt
Height: 487 ft Rad Alt
IAS: 308 kt
Heading: 065°
Nz: 3.6 g
Pitch: 0°
AOB: 0°

At the moment, when the aircraft P01 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°
Nz: 3.0 g
Pitch: -20°
AOB: 20° right

At the moment of the radio communication: “turn right“, the following data was
extracted from the HUD of P01:
•
•
•
•
•
•
•
•

Video time: 00:21:38
Altitude: 270 ft Baro Alt
Height: 430 ft Rad Alt
IAS: 307 kt
Heading: 077°
Nz: 3.1 g
Pitch: -10°
AOB: 25° right

When the aircraft P01 reached his lowest height, the following data was extracted from the HUD:
•
•
•
•
•
•
•

Video time: 00:21:39
Altitude: 180 ft Baro Alt
Height: 331 ft Rad Alt
IAS: 308 kt
Nz: 3.1 g
Pitch: 0°
AOB: 23° right
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Flight path and development of a 3D- model
The flight path of P01 was reconstructed from various reference points visible in
the video. As a base were used:
•
•
•
•
•

Calculations from the video recordings of aircraft P01
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 timing was adapted to the loop flown by P01. As starting point, the position as wingman 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 P01 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 approximately 520 m long and 110 m wide.

1st point of impact
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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 frozen, 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 Engelberger Aa embankment. The remainder of the aircraft slid along the ground and after 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 fuselage with the cockpit and the rear cockpit ejector seat were thrown approximately 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
Second point of impact
Embankment point of impact
Common point of impact

673
673
673
674

570
740
870
010

/
/
/
/

203
203
203
203

150
160
150
170

Sheet No. 1171 Beckenried, National map of Switzerland 1:25 000
1.12.3

First findings relating to the parts of the wreckage
See also appendix 1 and 2.

1.12.3.1

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.

1.12.3.2

Area between the first and second point of impact
This area was covered with parts of the wreckage of the aircraft, which had broken 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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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 fuselage, 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.

1.12.3.4

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 fuselage, 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.

1.12.3.5

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 pilot had been separated from the ejector seat belts and lay not far from the ejector seat. Part of the parachute had been pulled out of its pack.
The engine was also on the south bank in the Engelberger Aa.

1.12.3.6

The common
The fuselage and the rear ejector seat lay 175 m to the east of the embankment
point of impact.

1.12.4

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.

1.12.5

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:
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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 components of the flap system produced no indication of any malfunction of the controls and flaps.
During the visual inspection of the wreck, no fractures which indicated preexisting 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 defective 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 operation 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 elevators.

•

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 downwards, indicating a rotary movement around the aircraft’s longitudinal axis
to the left.

•

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 indicates that at the time of impact the aircraft was in a rotary movement to
the left.

•

The rudder trim tab was extended approximately 1.5° to the right.

•

The elevator trim tab was extended upwards by approximately 6°, corresponding 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 corresponded 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 position 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 aileron 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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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 damage behind the embankment point of impact.
The examination of the flap system produced the following result:
The flaps actuator was in flaps up position.
1.12.5.2

Examination of engine PT6A-68 S/N 1712
The engine was examined in detail. The following is a summary of the corresponding investigation report:
The engine exhibited severe impact damage.
The following assemblies were examined more closely because of the axial contact of the rotating parts with the adjacent components:
•
•
•
•

1st stage power turbine vane ring
1st stage power turbine
2nd stage power turbine vane ring
2nd 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.
1.13

Medical and pathological information

1.13.1

History and medical findings
According to information from the family doctor as well as from the FOCA medical examiner, the pilot was healthy and in particular free from any cardiac complaints; 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 entry based on the report of the eye surgeon, who had carried out the interventions. 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 specialist, 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 necessary and was worn regularly.
A copy of the eye specialist’s examination report on the FOCA form “Augenärztlicher 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 vision in the right eye present. The eye specialist was neither a FOCA technical expert 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 destruction 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 formation, 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 examination. 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:
•
•
•

Bank angle 30° - 40° right
Pitch 0° to -3°
Speed approx. 300 kt
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According to table 21-A-150095-A-S4080-03481-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 impact. 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:
•
•

1.16.1.1

the open system mission computer
the primary flight display (PFD)

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 significance:
Last recorded position

N46:58,52; E008:24,34

Last recorded heading

098,5°

Selected transponder code

3584

Selected frequencies

COM 1:
COM 2:
NAV 1:
NAV 2:

G-forces

Accident flight:
Previous flight:

1XX.X25 MHz
119.625 MHz
110.350 MHz
110.350 MHz
10.900 g
3.390 g

It should be noted that the exact time of the last data recording could not be established with certainty, since recording ceased at some point during the destruction 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 Nz and speed were registered.
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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.
1.16.2

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 conditions were comparable with those at the time of the accident.

1.16.2.1

Schedule
First flight:
•
•
•
•

Horizontal turns up to an accelerated stall at altitudes of 7000, 6000 and
5000 ft AMSL
Turns with constant acceleration of approximately 3.5 g at altitudes of
4600, 4000, 3000 and 2000 ft AMSL
Measurement of the roll rate (45° AOB and 60° AOB)
Loop with an initial altitude of 5000, 4000 and 3000 ft AMSL

Second flight:
•
•
•
1.16.2.2

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.
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 altitudes 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, fluctuated 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 under the same environmental conditions from the viewpoint of the aircraft involved 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 360degree 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 Bürgenstock 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 Bürgenstock. Even though the black aircraft was positioned during the last 20
degrees of the loop against the background of the Bürgenstock, the visibility of
the black aircraft was not problematical in this phase either, because of the relatively small separation (100 – 400 m).
Summary results:
•
•
•

In the repetitions of the manoeuvres, no abnormal or restricting behaviour
of the PC-21 aircraft type could be detected.
The visibility of the black aircraft in the second part of the loop was very
good.
Despite the onset of dusk, the light conditions were non-critical.
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1.16.3.1

Technical description
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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, between 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 cartridge would have been controlled by gas pressure.
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 operated 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 direct penetration would have been possible without detonation.
1.16.3.2

Situation at the accident site
Front ejector seat:
The front ejector seat was found badly damaged on the east bank of the Engelberger 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“, approximately 120 metres east of the embankment point of impact, without any
visible signs of ignition.
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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 release 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 vertical 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 pilot was no longer belted to the seat and the cartridge of the shoulder belt retraction 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 visors 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 “Experimental 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 Pilatus 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 responsible for preparing and forwarding the captured data.
Before test flights were made, a so-called “Flight Safety Form” (FSF) was produced. 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 departments 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 detailed 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 aircraft, 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 licensing 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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No entry in the licence was possible for flights by prototypes, as the corresponding type approval did not yet exist. The regulations governing such flights were
laid down in the DOA and had been approved by the FOCA.
1.17.2

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. After 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 approval and were valid for the two aircraft P01 and P02. The regulations were
based predominantly on values acquired from experience of earlier aircraft certifications, taking into account special requirements of new systems, which had
never yet been used on a Pilatus aircraft.

1.17.3

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 manufacturing) was responsible for the civil type approval of the quasi-military trainer PC21. 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, including supplements 23-1 to 23-54, valid on 13 December 2000.
Decree on the airworthiness of aircraft VLL, 748.215.1 (Verordnung über
die Lufttüchtigkeit von Luftfahrzeugen – VLL), dated 18 September 1995.
Decree on emissions from aircraft VEL, 748.215.3 (Verordnung über die
Emissionen von Luftfahrzeugen – VEL), dated 10 January 1996.
ICAO Annex 16, Chapter 10.

A project team which covered all the component sections of the aircraft was assembled under the leadership of the FOCA’s project certification manager (PCM).
Pilatus had to produce a master certification programme for the FOCA. This master certification programme, approved by the FOCA, had to show that all the applicable 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 evidence was complete and conclusive or whether additional clarification and examination 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 prevention of collisions in so far as the following points must be complied with regard to separations:

1.18.1.2

•

An aircraft must not be brought so close to another than the risk of collision arises.

•

For flights in formation, including take-off and landing, the commanders
must reach agreement beforehand.

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 authorisation. 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.

•

Aerobatic pilots must be in possession of a valid personal special authorisation 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 aircraft (propeller or turboprop aircraft with a maximum take-off mass from 1000
kg to 4000 kg).
Cat II

Manoeuvre

Solo

Formation

vmax

-

-

-

Hmin

Normal flying, horizontal,
straight

30 m AGL (100 ft AGL)

30 m AGL (100 ft AGL)

vmin ≥ 1.3 *vs

vmin ≥ 1.3 *vs

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)

150 m AGL (500 ft AGL)

vmin ≥ 1.3 *vs

vmin ≥ 1.3 *vs
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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 training. 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 between 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 colour 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.

1.18.1.4

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 lowlevel 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 integrated 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 addition 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 observations and the video recordings formed the basis for the debriefings.
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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 advantages of the respective aircraft, i.e. in particular their performance and manoeuvrability. The flying programme was therefore drawn up accordingly.

1.18.2.1

Display flights with the PC-21
A new display programme was required for the PC-21 aircraft as the latest product 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 assigned as pilots. The aim was a first-time display by this formation on the occasion 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 formation 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.

1.18.3

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/s2. 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 total loss of consciousness.

1.18.3.1

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.

1.19

Useful or effective investigation techniques

1.19.1

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 position 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 wreckage 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 aircraft. 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
postprocessing, 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
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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The results of the investigation of the parts of the wreckage, the various components of the aircraft controls and the engine produced no indications of any preexisting 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.
2.1.1

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:

2.1.1.1

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°).

2.1.1.2

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.

2.1.1.3

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 after 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 examiner, 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 examination 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 operation 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 examiner of his two operations.
The possible consequences of such an operation are:
•

visual acuity which changes in the course of the day

•

increased sensitivity to glare

•

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:
•

pre-operative refraction defect within the limits applicable to visual aids

•

stable conditions after the operation, i.e. no fluctuations in visual acuity
during the day

•

no sensitivity to glare

•

normal contrast sensitivity

•

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 confirmed by a FOCA technical eye specialist. It is not possible to make any statement about the visual capability of the P02 pilot at the time of the accident, particularly with regard to any increased sensitivity to glare or decreased contrast
sensitivity.
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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 order to cause a loss of visual capability, a force of at least 5 to 6 g (1 g = mean
gravitational acceleration of 9.81 m/s2) 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 a myocardial bridge. It is difficult or even impossible to make a clinical diagnosis 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 compromised under the myocardial bridge as a result of exertion during the aerobatics, 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 forensic 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 abovementioned medical influences improbable.
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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 P01 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 demonstration pilots.
The planned flight programme was shown at AIR 04 after a corresponding training 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 complex flying manoeuvres in formation.
Apart from the fact that the training was scheduled only one day before the envisaged 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.

2.2.3

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 recent 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 temporary stress.

2.2.4

Analysis of the manoeuvres flown, visibility and workload

2.2.4.1

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 trajectory, the turn was continued, presumably with a glance upward to the culmination point of P01’s loop. As soon as visual contact had been made with the aircraft high above in the aft position (loop), the pilot’s own flight path had to be
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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 estimates 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 verification 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 excluded, as if this had occurred it would have resulted in a relaxation of the muscles, 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 initial point indicated, that P02 followed the flight path of P01.
2.2.4.2

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 visual contact existed from P02 to P01.
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 cockpit, the wing and the fuselage.
In order to maintain visual contact with aircraft P01 during the closing manoeuvre, the pilot of P02 had to assume a position which was to the right of and
lower than P01. 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 altimeter display on the HUD or PFD. Thus he was also unable to take in the extreme proximity of the ground. To do this, he would have had to glance to the
right above the wing.

2.2.4.3

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 joining manoeuvre and the subsequent leader switch.
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The radio instruction from P02 – “turn right” – came two seconds later. This instruction was clear and without any indications of a transitory loss of consciousness 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

P01 loop
One second after the “turn right” message from P02, P01 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 P01 had no opportunity to perceive the dangerous 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 acceleration sequence indicate that the pilot of P01 did not adequately comply with
the intended sequence in the last part of the loop manoeuvre. It has to be assumed 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 witnesses 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 reference 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

3.1.2

3.1.3

•

The aircraft was admitted for transport as a prototype.

•

The video recording from the camera installed on board could be analysed
and allowed a reconstruction of the loop which was flown.

•

All the flight test instrumentation equipment had been removed from the
aircraft for the display flight abroad.

Technical aspects P02
•

The aircraft was admitted for transport as a prototype.

•

The investigation produced no indication that a technical fault on the aircraft 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 approval 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.

•

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.

•

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.

Crew
•

The pilots were in possession of the necessary licences, medical fitness certificates and ratings.

•

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.

Aircraft Accident Investigation Bureau

Page 54 of 56

Final Report

HB-HZB

•

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 looping 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 ‘centro’ (the centre of the performance space).

•

For the combined loop and horizontal 360-degree turn aerobatic figure, it
was agreed that P01 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 P01.

•

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 “visual”.

•

After a further ten seconds the pilot of P02 asked the pilot of aircraft P01 to
continue flying his figure with the words “keep going”. His position was
clearly behind that of aircraft P01.

•

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 P01.

3.1.5

3.2

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 rectification on the aircrafts.

•

This programme was flown for the first time with both aircraft on 26 August 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.

Causes
The accident is attributable to a collision
formation flight, because the pilot of the
very probably concentrating on the closing
the process, he did not pay attention to his

with the terrain during an aerobatic
aircraft involved in the accident was
manoeuvre with the other aircraft. In
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 incident investigation (Art. 24 of the Air Navigation Law).
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Appendix 1

Overview of site of the accident

Smoke over the dam of the Engelberger Aa

Overview in direction east
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Appendix 1

First traces of right wing impact

First point of impact and second point of impact plus detached tail in rear
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Appendix 1

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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Appendix 2

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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Appendix 2

Skin of left wing on the board of the Engelberger Aa

Cockpit on the Buochs side of the channel
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Appendix 2

Engine on the bank of the Engelberger Aa

Propeller hub in the Engelberger Aa
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Appendix 3

Model of the position of the sun and shadows cast
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Appendix 4

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
Aircraft Accident Investigation Bureau
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Appendix 5

Reconstruction of the two flight paths; plan view

Legend:
Blue color: flight path P01
as per analysis AAIB
Red color: assumed flight path
P02 as per data AIB
Blue text: Radio communication pilot P01
Red text: Radio communication pilot P02
Green text: Radio communication observer

Distance of grey dots = 1 second
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Appendix 5

Reconstruction of the two flight paths; lateral view

Legend:
Blue color: flight path P01
as per analysis AAIB
Red color: assumed flight path
P02 as per data AIB
Blue text: Radio communication pilot P01
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 Spectnnn 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 directo~
had just lifted off for a post-maintenance 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 prmide adequate clearance following changes to a
main landing gear strut. NTSB investigators 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 roU
\ia 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 flight on Jan. 7. 0
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SEA06FA146
NTSB Identification: SEA06FA146
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 infonnation, subject to change, and may contain errors. Any errors in this report \\ill 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 airplane,
N322LA, collided \\ith terrain follm,ing a loss of control during the initial climb after takeoff from runway 30 at
Spanish Fork-Sprin!,>ville 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 takeoff. The roll
continued to about 90 degrees right \\ing dO\\TI when the right \\ingtip 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
\\Teckage site on about a 350 degree magnetic heading. The main \\Teckage 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 \\Teckage 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 \\Teckage, 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 bell crank
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 in a
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 airplane.
According to infonnation 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 MLG 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-brackct required disconnection and removal of a portion of the translation linkage.
http://www.ntsb.gov/ntshbriefasp?ev id=20060731 X01059&key= I
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African country, two years after the lifting of an arms embargo. However,
industry observers say Libya is more
likely to start by upgrading its Mirage
F1s, as Morocco-another potential
0
Rafale buyer-is doing.

USS/A~

F ·

~
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The air force has formally accepted

I
\
I

\

1
~

into service an improved version of the
Saturn AL-31 engine-the AL-31FM1-for its Sukhoi Su-27 and Su-30
fighter aircraft. The upgrade offers an
8% increase in maximum power, and is
expected to extend engine life.
0

5/A!PAC/F/C:: -. .i_- ':
The first Australian C-17 has moved
out of Boeing's paint hangar at Long
Beach, Calif., to begin preparations for
its fust flight later this month. The
Australian C-17 is a Block 17 aircraft
that includes upgraded combat lighting, formation flying capability and
flight<onuol software.The second C17 for Australia is set for delivery in
2007 followed by two more in 2008. 0

J'

!, Following Australia's

clearance last
\ week, France's Thales will acquire a
50% share in AD!, which is owned by
Transfield Holdings. The A$17().million
($1275-million) deal will give Thales
full control of the country's leading
aerospace and defense conUactor. AD!,
which generates annual sales of A$700
million and employs 2500 people, will
be combined "ith subsidiaries that produce underwater systems, air traffic
management and trainin!Ysirnulation. to
form a new entity, Thales Ausualia. 0

China has published a new white
paper setting out a space road map for
the next five years. One priority of
China's second plan will involve developing and operating a high-resolution
Eanh-observation system, a polar and
geostationary weather satellite network 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..:ost highperformance rocket family capable of
lifting 25 metric tons to low Eanh orbit
and 14 tons to geostationary uansfer
orbit. Extravehicular activity and rendezvous/docking maneuvers will be the
main thrust of manned missions.
0
www.aviationweck.tom/awst

A Canton. Ohio, aerospace company is fielding an entry in the competition for a counter-insurgency aircrafL A proof-of<oncept for the turboprop-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 Airpon, also in Missouri, the right landing gear failed, causing the aircraft to slide off the runway. The gear and four-blade Hanzell propeller were damaged; a stronger

main gear is under consideration. ·
In development since 2003 by US Aircraft Corp., a subsidiary of US Technology Corp., die Dragon is designed for multimbsion roles, built with commercial off-the-shelf parts and armored for small arms survivability. SimiJar in appearance to a straight-wing fighter of World War II 'intage-exccpt
for side-by-side seating and a tricycle landing gear-the rratt & Whitney
PT6A-67A turboprop engine, rated at 1,200 shp., allows an armament payload exceeding 3,000 lb.
The Dragon is being developed for fighter and attack roles, with capabilities to prmide close air suppon, perform as a pauol and reconnaissance
aircraft, and serve as a trainer. Distinctive features arc a ballistic parachute
recovery system and alternate deployment as an unmanned aerial system.
The aircraft incorporates leading-edge stealth polymer. ceramic and metals technologies and will provide a unique platform for the U.S. and allied
counuies, a company abstract says. The concept was dc\"eloped during conversations between US Aircraft President Raymond F. Williams and USAF
Brig. Gen. (ret.) Charles Jones, 3rd, a former A-37 Dragonfly wing commander. Jones says the need for a counter-insurgency aircraft is acute in
the developing world, where cost and maintenance are major considerations. The price tag: $35 million. The Pentagon has reawakened its interest in a counter-insurgency aircraft, and a Rand repon notes a continuing
need for this special capability (AII~T Aug. 21/28, p. 36).
Restoration specialist Golden Aviation of Monett built the A-67 prototype. Williams provided $5 million for initial funding. In spite of the delay,
W~liams says be is moving forward with a production facility and fued-base
operation at Akron (Ohio) Fuhon Airport. He expects to benefit from a
pannership program involving the NASA Glenn Research Center and as
many as 10 Ohio universities with similar capabilities.
0

Corrections: The chronology of milestones 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 (AII~STOct. 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&STOct.
AVJATION

9, p. 66). The Falcon 9 first stage carries nine engines; its upper stage is a
truncated version of the first stage,
and both stages are planned to be
reusable.
The Rockot light launcher 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 (A II<!<ST
Oct. 2, p. 70).
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The aash of Grob Aerospace's second SPn light jet prototype is likely to
set back plans for cenification next
summer. The all-composite aircraft
crashed shonly after takeoff, killing
the two pilots. The aircraft joined the
0
flight test program in September.
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r ROBERT WALL/PARIS

G

erman accident investigators are expected to release
in~ial 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 protol)1.e killed the
company's chief test pilot, Gerard Guillaumaud, and has forced
Grob to restructure SPn development plans. Design changes
loom, company offJCials acknowledge. What those will be depends on the investigators' findings.
FTIQht testing has been suspended in the wake of the crash,
which occurred shortly after takeoff near the manufacturer's
Mattsies·Tussenhausen s~e. The prototype lost control surfaces during a demonstration flight, leading to the accident
German flight accident investigators say the suspension is
not an offteial grounding, but was a company decision.
The loss of the second prototype is particularly troublesome
for the aircraft maker because ~ featured design changes to
BReviate shortcomings on the first aircraft The flight envelope
for those alterations had not been fully explored. ~·s also the
first production-like model because ~ features the enhanced
Honeywell Primus Apex avionics su~e.
Grob has had a third prototype in build since October
,.....aviationwerk.corn1awst

and says that aircra~ is still scheduled to join the flight·test
program in the second quarter. However, company officials
are not saying whether this wiD 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-compos~e aircraft has suf·
fered repeated delays. For instance, the mishap aircraft entered the flight-test program nearly three months late. Moreover, Grob once hoped to certify the SPn in early 2007. A
weather-induced slowdown in flight testing, along w~h design changes, forced a delay, setting certification back to
the third quarter this year. Now, Grob has again revised ~s
outlook and says ~ is targeting approval from the European
Aviation Safety Agency in the first quarter of 2008-FAA certification would follow in the second quarter.
The delay has financial implications for Grob, which was
hoping to deliver the ftrst 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. 0
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"Wrong relight drills caused Saras crash"
RaviSharrna
BANGALORE: The board of inquiry constituted by the Directorate-General of Civil Aviation
(DGCA) has completed its investigation into the 1\tarch 6 crash of the Light Transport Aircraft
Saras near Bidadi in Karnataka.
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 learnt 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 \\Tong.
The two test pilots were for the first time on the Saras, attempting to S\\itch 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 of9.000 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 radio 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 O\\TI 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 (319, McCoy)
reported, "Four days after rejecting The Boeing Co.'s contract offer for the second time in under a month, me 'ers of its
engineers' union in Wichita, Kan., hope to soon return to talks with the company." Although "members of th Society of
Professional Engineering Employees in Aerospace voted down Boeing's;:6ntract offer." the union "also v ed against givin!
SPEEA leadership the authorization to call a strike." The vote "expres:old their displeasure with the co ract. but also their
willingness to work wrth the company." said SPEEA Midwest Dir
r Bob Brewer. He adds that "no
elable has been set
returning to contract negotiations, but that the two sides are dis

DARPA Funds Search To Develop Pro
Biodiesel Magazine (3/1 0. Schill) reports in its April iss

ssing how and when to schedul

he next round of talks."

ction Of JP-8 Algae 17 el.

that "algae research will get a bi

oost from two projects involv1n

multiple partners that received funding this winter thr ugh the US Department of De fens s Defense Advanced Research
Projects Agency. DARPA's BioFuels program is e

loring energy alternatives and fue

military's reliance on traditional fuel through co -effective alternatives." The project
cost-effective, large-scale production of alga oil to be processed into a JP-8 jet f

American Completes

Firs~

blended winglets supplied by A via

I surrogate."

ommercial Flight With uei-Saving Winglets.

Air Transport Intelligence (3/9, RansQ1\) reported. "American Airlines today
save up to 500.000 gallons off

ffic1ency efforts in a bid to reduce tt

'aim to develop a scalable process for

mpleted the first flight of a Boeing 767

n Partners Boeing." The airline "say APB estimates each winglet-equipped

I annually depending on miles flown,

hich could result in a total savings of 29

annually_" The winglets shoul also provide .. a 277,000 metric ton re uction in carbon dioxide emissions and
aircraft range of 360nm" a
payload."

"the improved take-off performance

craft sh•
ilhon gall
increase in

the aircraft could generate up to 12.000' s of add1t1onal

NATS Pledge 10% Emissions Reduction By 2020.
Flight lntemation

(3/10, Learmount) reports, "UK air na

aircraft it contr s by 10% per flight by 2020." A NATS
airspace an

ally. It says this

IS

ation service provider NATS has promis

to reduce the emissi·

udy has "calculated that 26 million tonnes f C02 is emined in UK

its benchmark forth planned reductions, to be achieved throug shorter routeings, greene

airport ap caches and departures and enabling o imum en-route flight levels." NATS CEO P
target in challenging times. but aviation is maki

I Barron added, "this is at

strides to be more sustainable and air traffi

India's Prototype Saras Turboprop Crashes, Kills Three.
Aviation Week (319, Warwick) reported, "The second prototype of India's indigenously designed Saras 14-seat twin-turbopro
crashed near Bangalore on March 6 during a test flight. k•lling all three crewmembers." The plane "has been eroticized for b•
overweight, over budget and behind schedule, but according to Indian media its developer, the National Aerospace Labora·
(NAL), expects the project to continue desp1te the crash." NAL "is building a production-standard third prototype, targeting<
kg weight reduct1on. but this is not expected to fly before year-end."

UK Recalls Nimrod fleet For Safety Modifications.
Flight International (319, HoyrJ) reported, "The UK Royal Air Force -i~o restrict operations of 1ts British Aeros
and Nimrod R1 survelllanclaircraft fleets for the next several

mor_s.

follOWing a decision to complete es

ce N1mrod

~

ntlal safety

modifications to the ageq {,.pes." According to the RAF. "required mod•fications include replacing engine ay hot air ducts e
fuel seals in 15 MR2s ..

September 2006

~nd three R1s." The article notes that .. sbutiny of the RAF's Nimrod fleets has

een intense since a

mi~r explosion over southern Afghanistafl'which destroyed MR2 XV230 and killetl14 service personnel

accident was attrioo'ted to factors including leaking fuel comfng into contact with

super~heated bl~ air pipes routed from U

1

type's engines/

,/

Report Finds Flaws In RSA Safety Improvements.
Air Transpb'rt Intelligence (3/9, Croft) reported

/

,//

,'·

that~ 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-XR!\1 AT SESHAGIRIHALLI
NEAR
BIDADI
(KARNATAKA) ON 6TH MARCH 2009
1.

2.

Aircraft

: Saras Prototype PT 2
: Indian

Type& model
Nationality
Registration
Engine

Owner & Operator

3. a) Pilot-in command
b) co-pilot
c) Flight test engineer
b) Extent of injuries
4. a) Number ofpassengers
b) Extent of injuries

5.

Place of Accident

6.

Date and time of Accident

: VT-XR.\1

: P&W,PT6A-67A
: National Aerospace Laboratories
P.B.No:1779, Kodihalli
Bangalore-560017

: Wg Cdr (22917-S),F(P)
: Wg Cdr (23165-II),F(P)
: Sqn Ldr (24746-M),AE(l\1)
: Fatal
: Nil
N/A
Seshagirihalli , near Bidadi about
37 Km Southwest of HAL
airport, Bangalore
Latitude: N 12" SO' 56"
Longitude: E 077" 23' 46"
: 61h :\larch 2009, appr 1004 UTC

(All Timings in this report are in UTC)

SV:'-IOPSIS
Saras Prototype PT2 aircraft VT -XRM manufactured and mmed by National Aerospace
Laboratories, Bangalore was scheduled for carrying out its test flight no 49. On 06.3.2009
which also include in flight engine shut dmm 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-offat 0925 UTC and thereafter changed over to radar. There was
no events. Aircraft was then cleared to flight level I 00, operate up -to !Omiles. 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. Aircraft made overshoot at 300' AGL. Aircraft was then changed
over to radar again. At 0942 UTC Aircraft was cleared to climb FL I00 and proceed 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

and reported turning around. But HAL radar as well BIAL radar was showing level 72 for
which aircraft replied that it has descended and climbing back to 9000'AMSL. At about 0956
UTC aircraft 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,
Bangalore. After successful left engine shut down and its securing procedure, at about 1001
UTC left engine relight procedure was initiated at about 9100'Al\ISL. During the
relighting of left engine, FTD desk also lost contact with aircraft about 37 sees 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 possible
communication means including through en -route traffic to contact the aircra!i went in vain.
After extensive search efforts, at about II 00 UTC it was finally established that the aircraft
crashed at a village called Sehsagirihalli (close to wonderland amusement park) ncar Bidadi,
37km by road (lkm offMysore road) southwest ofllAL 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.

Factuallnformation

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 IOOOO'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-S), F(P), chief test pilot
was on commander seat, Wg Cdr (23165-11), F(P)- test pilot was on co-pilot seat and Sqn
Ldr (24746-l\1), AE(l\1) was on Flight test engineer 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 area . All engine parameters were
reported normal. After carrying out post start up and pre taxy checks, aircraft taxied out for
Runway 09 at HAL airport. As per departure instructions after departure RfW 09 aircraft to
climb on RfW heading 5000', turn right set course to southwest -2 and in coordination with
approach radar to operate upto I 0 miles and level I 00. Aircraft was cleared for take -off from
RfW 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 I 00, operating upto
IOmiles. After 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, Y.Wd 090/06 k1S. Aircraft made overshoot at 300'AGL. Aircraft wast hen changed
over to radar again. At 0942 UTC aircraft was cleared to climb level I 00 and proceed sector
southwest 2. Aircraft right engine was throttled up to 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 turning around. But HAL radar as well as BIAL radar showing level was 72
for which aircraft 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. After 0955 UTC Radar contact with the aircraft was
completely lost
As per ASTE Telemetry, after turned round to point towards HAL airfield aircraft was
observed about 20 miles at 9000'AMSL with 140 kts 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 Rfr at telemetry desk. After
about 47 sees, left engine relight procedure was initiated at around 9200' Al\1SL. Pilot
also reported to Telemetry the start of relight of the engine. Telemetry indications also
showed the rise in Ng and ITT. At about I 00 sees prior to crash airc raft went into sudden
dive from 9200' to 7300' for about 13 sees. Meanwhile
During the relighting of left
engine, FTD desk also lost RT contact with aircraft about 37 sees prior to crash and
telemetry link with the aircraft was also intermittent. At 37 sees prior to crash when
Telemetry called aircraft " can you call up. What is going on", aircraft replied
MStandby" this was the last contact of Telemetry with aircraft. Afler that there was no
contact from the pilot.
Just before 7 sees 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 \·oice recording clearly showed
that on last moments just 10 sees prior to crash ,commander called out" Aircraft has
departed" indicating aircraft completely gone out of control. During the last moment
of crash telemetry recorded :Sg! about 54%(63% as per FDR), Engine oil pressure 88,
fuel flow 94o/o,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 I 033 UTC police control room reported that an aircraft had crashed near Bid adi.
After extensive search efforts, at about II 00 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 Sehsagirihalli (close to wonderland amusement park) near Bidadi and 37km by
road(offMysore 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 of251° /17 NM from HAL, Bangalore airport having coordinates LAT: Nl2° 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.
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1.2

Injuries to Persons
Injuries
Fatal
Serious
Minor/none

1.3

Crew
Three
Nil
Nil

Passengers
Nil
Nil
Nil

Others
Nil
Nil

Damage to Aircraft
Aircraft was completely destroyed due impact and post impact fire.

1.4

Other Damage
Nil

1.5

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:
1.
11.

111.

Wg Cdr (22917 -S), F(P) Chief test pilot was the commander of the
aircraft,
Wg Cdr (23165-H), F(P), test pilot was Co-Pilot and
Sqn Ldr (24746-N), AE(M) was Flight Test Engineer.

Both the cockpit crew have become test pilots after completion 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 5th 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 ofSaras PT2 aircraft He had a total flying experience of2414:00 hrs
with about 310:00 hrs on turbo-props including Saras Aircraft.
b)
Wg Cdr (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.
c)
Sqn Ldr (24746-M), AE(M), aged 33, is a DGCA accepted flight test engi necr
and approved by chief test pilot of Saras PT2 team with effect from 1.12.2006.

1.6

Aircraft Information
a)

The SARAS PT-2 aircraft is an experimental aircraft under development by M/s
National Aerospace Laboratories, Bangalorc and is intended for passe nger and
cargo transportation on domestic routes. It is designed, manufactured and
operated by NAL, Bangalore as Saras Prototype -II aircraft. This aircraft has been
duly entered in the register oflndia with effect from 5.12.2006 and was given the
4

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.
b)

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.

c)

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.

d)

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.

e)

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.
Doth 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.

f)

Aircraft is fitted with wing integral tank having fuel capacity of 840 litres on
each wing. Fuel used is any of the following: JPI, Jet A, Jet A-1, AvTUR. Oil
used is of type II conforming to P&WC SD 14001 or synthetic Oil MIL-L23699C

g)

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 ofFAR-121

h)

The aircraft was still under the development stage. Hence the weight schedule
was not yet finalized. However the restriction was fixed for the 49 th i.e the
accident test flight the details of which are given below:
i.
ii.
iii.
iv.
v.
vi.

Maximum take off weight of the aircraft: 6400Kg.
C.G at 30.02% MAC(U/C RETRACTED)
Fuel status-752 Kg
Ballast- 99 Kg
Persons on board -Three.
Max Speed - 200 knots lAS

The aircraft was prepared as per Standard of Preparation SARAS PT -2, Vol
33; Report SOP - 2 dated Nov-2006, Issue D with modifications as indicated in
document Ref. vol 33, MOD-SOP-2 Issue A June 2008. There was 793 kg of fuel on
the aircraft on clearing the aircraft for 49th test flight on 6.3.2009. Aircraft was also
carrying three serviceable parachute unit for emergency purpose.
Aircraft is also maintained by NA L, Bangalore and completed 48 test flights prior to
the accident test flight. Aircraft propeller had logged 50:20 hrs on completion of 48 th
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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 Dl. Aircraft was certified airworthy for test
flight 49 in the form "daily inspection and clearance for Test flight-Saras aircraft" 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". Dl inspection record indica ling nrious appro\·ed
personneUengineers checked the aircraft prior to departure of 49 lh flight was not
available.
The following aircraft documents were checked.
I.
2.
3.
4.
5.
6.

50 Hrs. inspection Schedule
SARAS PT2 Systems documents.
Taxiing & Development test Flights
25 Hrs. Inspection Schedule
Snags (Deficiency I Deviation) lists
System integration documents.

No significant findings I observations are noticed except reported high control forces.
Further, the following documents were scrutinized:
I. 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 to•. 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 observations are:
•
•
•

Rudder Force feel inadequate, rudder response sluggish
During Asymmetric Torque handling, Rudder Force reported heavy
Poor Aircraft 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 flying demonstration in Aero India 2009 show at
Bangalore. But no DGCA permission was taken by NAL for the purpose.
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1.7

1\feteorological Information
As per the existing procedure the met report is obtained on telephone. Accident took
place at about I oot UTC under broad day light conditions. The MET report received
on 06.03.2009 at IOOOUTC is as follows:
METAR VOBG 06IOOOZ OSOOSKT 8000 NSC 34/07 Q1012
Weather was fine and is not a contributory factor to the Accident.

1.8

Aids to Na,·igation
SARAS PT2 aircraft is fined 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.

1.9

Communications
SA RAS PT2 had following communication systems installed:
•
•
•
•
•
•

2 VHF radio systems
I HF system
Passenger address I 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 warned by the Test Director in case of
any exceedances in !light parameters or a potential hazardous situation leading to an
unsafe night . Some of the Telemetry /data analysis sheet for the previous test nights
(eg., night test no.40) had been checked and did not revea I 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 a\"3ilable 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 sees 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 I 0 mins after the last reporting at 0956
UTC. After that radar tried to call the aircraft only at 1006 UTC. Radar also did
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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.
1.10

Aerodrome information
Aircraft had crashed ncar Bidadi on a radial of 251 • 117 NM from HAL, Bangalore
airport (coordinates Nl2°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 Schsagirihalli (close to wonderland amusement park) near
Bidadi and 37km by road( I km 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 of25t• 117 NM from HAL,
Bangalore airport.

1.11

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 I
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 sites have been given in the subsequent
paragraphs of this report
Flight Data Recorder:
FDR data has been obtained in raw format from Mls 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
8

and flight parameters. These sets of graphs have been generated for different time
lengths. These time lengths vary from I 5 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 FOR Oata 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 FOR 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 complete 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 on~l' ami/able with telemetry• data. The
fol/01.-ing analysis includes use of data from FDR and data of flight test
lnstmmentation with cockpit conversation.
FDR data presentation:
FOR data for the entire test flight no 49 has been convened 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 FOR data can be read together as
they have been converted to a common time scale.

FOR data inferences:
GO-AROUND in simulated one engine inoperative was done at 100 feet AGL.
against the test schedule clearance of300'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 nn appreciable change in Np. At the time of -04:00,
the prop lever was moved to feathered, as indicated by the Np reducing to I 5% from
100%. Torque has increased from 0% to 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 itude
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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 seen
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 I 0 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 115dcg, while the EOP
remained 06 psi. The heading remained constant at 65 dcg with a steady rudder of 12
deg and pedal force of20 Kg. The bank angle varied between -6 to 12 degrees.
Left Engine relight:
At the time of -01:44, Np is seen 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 -0 I :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 asymmetry and the large side
slip faced. During the time of -01:31, both L & R PLAs are 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 dcg 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
sees is very high can be attributed to diving of aircraft and speed of aircraft also
increasing. The seen ROD, rate of descend is about I 0,000 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%. Other 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 remained at 130 kt and altitude reducing from 7000 feet to 5200 feet The R
engine torque that has been reduced close to 0, is sho\\ing 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% \\ith Np having remained at the level of SO%. The FF
increased to 98 kg/h. Further the liT - 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 do\\nlimit
reached, as expected at speed - 160 KTS).
(B)

No comments

(C)

No comments

(D)

Descending for OEI simulated approach, Torque_L 21%, Torque_R 3%. The
crew needs to have some little power ON" to live engine.

(E)

Still Descending for OEI simulated approach (telemetry t= 1884s, ALT 3900ft).
To maintain the speed of 125 KTS, at level flight, the crew discusses about the
need for more power.

(F)

CVRTimeof -22:48 (telemetryt=1963.6s,15:10:45)
Rudder 2 deg, Boom_SS -10 deg, AIL_L -13, Aii_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 I 0
deg bank to left(running out of rudder and aileron limit)

(G)

CVR Time -22:26, telemetry t= 1986s, 15: II :07

II

Probably referring to NG_R (E2Ng), which is now close to 102.5%, while the
flight test limit is 103% (actual limit is 104% from OEM manual).
(II)

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.

(I)

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 Nose Landing gear door when sideslip is> 5 deg. Pilots are probably
discussing here the sideslip effect on lAS 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 is 30% -40%
and no saturation is observed on this.

(J)

CVR time -15.47, 46:3 8:48, telemetry t =2384.6 s, 15:17:46
Seems to be general talk, specific reasons/parameters could not be identified.

(K)

CVR Time -15:03
Seems 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 PI to P2.

(L)

CVR Time -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 1m full +13, side
slip 12 deg, wheel15 dcg. The crew may be meaning 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)

CVR time -12:36, Relative Time 46:41:59
Telemetry t = 2560 s, 1ST 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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(0)

Comment is in continuation of that at (N). Reasons at (N) apply here also.
Aircraft continued descending and level flight could not be maintained.

(P)

CVR Time -II :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.

(Q)

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.

(R)

CVR Time -9:56, 46:44:39
Left Torque is higher(60%) than TorqueR, 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
di !Terence need to exist in ITT also.

(S)

CVR Time -07:14,46:47:21
Telemetry t =2897.6 s,IST 15:26:19
Torq_L zero, Torq_R 92%, height 9000 feet, bank angle 0 deg, sideslip 6 to 7
deg. 'Zyada' seems to refer to more drag on the aircraft. With undercarriage
dO\m 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.

(T)

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.

(U)

CVR Time -05:50, 46:48:45
Telemetry= 3041.6 s, 1ST 15:28:43
Torq_L 3.5%, Torq_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. Additionally,
sideslip also not being at zero(- 6 deg), could increase the drag. So o.-erall,
more torque would be needed in this configuration.
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(V)

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._Wben ground opined "low altitude it is
better", PI 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 ad\·ised FfE for the placing readiness of
parachute for emergency, without assessing the risk of the situation, which
was also expressed by the commander.

(W)

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, elevator, sideslip are all steady at the values which were
maintained till now. There is no change in HOG, also. Immediately within a
second heading started changing rapidly and loosing the height

(X)

CVR Time -01:18
Battery discharging voice
shut down, indicating that
has been engaged. This is
the shut down. Speed now

warning is h card for the first time after left engine
the battery is in use now and probably starter -motor
the first instant when NG_L has crossed 13%, after
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 seconds, NG_L remained at 25% and subsequently
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 unnatural 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
anilable 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)

(Y).

CVR time -00:55,
Tor-R-0%, wheel- full, IAS-132 Kts, h-6620 feet, Bank-2 degrees,.
Pitch- -12 degrees,. Rudder-9 degrees right.
Concern is denloping between the crew about, the intentional reduction
of power by PI on the live engine.
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(Z)

CVR time -00:22, Height : 5000 feet.
P2 instructing Pl to do the action which ewr it is, which has brought the
aircraft to some stable attitude when it was done earlier).
Again anguish is expressed by P2 to PI on the action of cutting off of the
lh·e engine. Stressing to keep the Jh·e engine in LIVE condition only.
In addition to the abo\'e mentioned, and identified land mark remarks, the
most important is last 3 minutes 20 sees and the correlation of CVR with
DFDR and available telemetry data is analyzed below.

(a)

CVR Time: -03:22
Securing left engine off after shut down procedure.

(b)

CVR time:

-03:03 to -01: 50

Preparing for relight procedure
(c)

CVRtime: -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 HOG, also. Immediately within a
second heading started changing rapidly and loosing the height

(d)

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 t o 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 liT and aileron of the left side, to, induce,
an upward force and consequent nose dmm attitude. As the right side not
having simi far upward force, a case of asymmetric tail vertical load could
have caused the seen roll also.
(e)

CVR Time -01:41 to -01:31
speed increased from 140 to 158
Aircraft loosing height from 9200"to 8200".
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Ng_L: 10%, Np_L reaching 99%, Engine oil pressure down to 4.6, fuel flow
increased to 38 but still torque is zero on left side, liT : I 02 .
at the same time on right side: Ng down to 73 from 101, Np maintaining
101, oil pressure 119, fuel flow gone down to 72 from 261, torque to zero.
this indicates right side engine was brought down
(f)

CVR time-01:27,
Altitude: 7311 ft, Bank angle recovers to 8 degrees, pitch recovers to 9 degrees, side slip recovers to+ 2 degrees.
These conditions imply that the aircraft is momentarily returning to normal
attitude. (pilots laughing)

The possible reasons behind this seen recovery could be:
I.
2.

Reduced disc effect due to side slip reduced airflow, over the disc.
Pilot added control inputs to correct body attitude.
But altitude loss continued.

From lime -1:41/o -1:22 aircraft los/ height from 9223'to7266' i.e. almos/2000' in
20secs.
AI -1:22, CVR rtn:ealed the hurried voice of FE telling the pilots to start the engine
quickly.
From -1:09 lo 0:57 telemetry link was no/ there.
(g)

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 PI
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 -O%,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, liT 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
16

li\'C

engine by PI .

(i) 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 fast
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.

G) CVR Time -{)0:33,
Speed reduced to 112 KTS,IIeight reduced to 5400 feet, El 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 PI to relight
immediately.
(k) CVR Time-{)0:27,
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,

Height- 4800 feet. Side slip to 20 degrees, pitch at -15 degrees, Right engine torque
reduced to zero and rapidly and immediately increased to 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 to-0:08
(m) from -0:22 to -0:15
P2 instructing PI to do the action, which e.-er it is , which has brought the
aircraft to some stable attitude when it was done earlier.
Again anguish is expressed by P2 to Pion the action of cutting off of the live
engine. Stressing to keep the lh·e engine in LIVE condition only.
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(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- I 02 %.
During I" un-successful attempt, NP_L reduced from 100% to 83-85% (An increase
in EngOiiP_L was noticed from telemetry data which showed that EngOilP_L reached
the required minimum of60 psi.) But in this attempt, NG_L rise was not sustained, so
EngOiiP_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"d re-light attempt, EngOilP_L increased 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 I 0 sees
PI calling aircraft departed repeatedly indicating aircraft fully gone out
control The word used by the pilots " F (unreadable)." repeatedly at last
moment indicating, "J'Iio control on aircraft and their life is ending"

( p ) CVR Time-- 5 Sees to I sec prior to crash
I sec 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 118,1TT 773, fuel flow 78(carne down from
336 which was increased in the 5 sees prior to crash), torque came down to
II 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......... ,F......" indicating he is seeing last
spell of the life. At the same time Battery discharge Warning corning in the
background also stopped, indicating engine relighted successfully. But the aircraft
almost on ground, PI calling .. Going to ground"
1.12

Wreckage and Impact information
Aircraft crashed at a village called Sehsagirihalli which is close to wonderland
amusement park near Bidadi (about I Km off Mysore road) and about 37krn by road
southwest from HAL airport, Bangalore. It was on a radial of 251° /17 Nl\1 from
HAL, Bangalore airport ha,·ing coordinates LAT : Nl2° 50'56", LO:'IiG: 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:
I. 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 \\ith
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 posit ion. 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-bumt 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 \\Teckage
with fire damage. This indicates there is no fire or structural failure prior to
impact on ground.
7.
Test boom attached on the nose was broken and lying forward away from the
main \\Teckage and un-bumt. Parts of nose radome structures were found lying away
from \\Teckage on its forward right side about 40-45 deg. This indicates aircraft did
not crash on its nose.
8. Wreckage inspection ground marks also renals 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 obsen·ed to
be minimum.
10. A portion of port wing (measuring approx. 3feet long from the tip) semi burnt
found lying adjacent to the cockpit portion at an angle (5 -10°) to the longitudinal a xis
of the aircraft. Rest of the wing at the same angle as mentioned above but fully burnt
leaving only the trail of its presence.

II. The Starboard wing found in two pieces sheared off from fuselage semi burnt
condition. The root portion is approx. 6 ft 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 location found in multiple pieces but
with out much bum damage. The avionic equipments like VOR, ADC etc Jibe rated
from its location but with severe impact damage. However one of the ADC found with
no e\idence of any damage. The entire section from cock-pit 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 iL However they
were found burnt without deformation in shape. The entire control cable run with
respect to aileron, rudder, elevator are found attached either to its control surface
brackets or to the operating belcranks I fittings. The cable run (burnt) found running
from cockpit to tail 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 levers at operating end found sheared ofT.
15. Pilot I co-Pilot and flight test engineer's seats were found fully burnt 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 burnt but retained
its solidity. One of the nose tyres was found half burnt and another lyre was having
only burnt steel braiding wires.
17. One of the crew parachutes was found deployed and found un -burnt lying away
from the \<Teckage. Rest two parachutes were found burnt one of which was 2 meter
away from the \\Teckage and the another one is within the wreckage in cockpit rear
section.
18. Five propeller blades were found liberated from their attachments and found lying
at different places away to the left of the main wreckage(vie\\ing 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 impacL All the three doors were lying away from the main
wreckage and hence not a!Tected with the fire except slight bum 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 generator I RGB separated from each other. The RGB is found to have two of its
blade attached to il Rest of the blades (Qty.3) found located north side of the
wreckage. All the blades are found deformed.
21. Rll 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 I half melted frames. The CVFDR container w as
found burnt 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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The wreckage was reconstructed and All parts were mostly identified • Dut the ELT
could not be traced. Most probably it could have burnt in fire as its housing was not
fireproof. The ELT was not fined on load bearing members/frames and is fitted
separately on platform.
1.13

1\ledical and Pathological information
Test flight No:49 of Saras PT -2 aircraft VT -XRM was commanded by
WgCdr,22917S,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 scats in the
post impact fire after Ihe accident.
Immediately after the accident all three bodies of the deceased were shifted to the
CHAF hospital, Dangalore. The bodies were duly identified by Wg Cdr A.C.Mathews
(22893n Admn of ASTE,IAF, Dangalore and were medically declared dead at 1730
hrs 1ST 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 aircraft crash at
ground impact.

1.14

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 burnt. The aircraft
was destroyed due to post impact fire. There was no evidence of pre-impact fire.

1.15

Sun·h·al 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 I 005 UTC, radar controller tried 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. ALII A-67 was requested for SAR and it
departed at 1014 UTC.followed by T45(Chetak) from ASTE at 1020 UTC. After
some time T55(Chetak )also departed at I 058 UTC from ASTE. Based on the
telemetry last observation A67 after extensive search located the crash site to be
D251117NM from HAL. Earlier HAL tried through police control room also to 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 \illage
"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 aircraft. At about II 00 UTC A67 confirmed the crash of the
Saras aircraft in Seshagirihalli village.
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1.16

Tests and Research

1.16.1 Failure analvsis of main door and l'mt>rgt>ncv doors
After the accident, National Aerospace Laboratories was asked to 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 failure of
locking pins/mechanisms.
The committee examined the doors and the corresponding structures of the fuselage
and other evidences. The findings of the committee arc summarized as follows.
(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 handle and the locking
latches/pins to ..OPEN" position appears to be the same as that mentioned in the case
of the main door.
(c) The emergency door (RH) was in .. CLOSE" position during the impact of the aircraft
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 Laboratories (NAL), Bangalore. National Aerospace
Laboratories (NAL), Bangalorc 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 16th 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 aircraft ..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 ..perm it to fly" operation can be
carried out in accordance with procedures agreed with DGCA. DGCA also approved
list of designers ofNAL as authorized signatories ie., Showing Compliance Engineers
and Compliance certification Enginecrs(SCEs and CVEs) for SARAS project, on
13.8.2008, apart from the approval of bead of design organisation and other managers
as per design organisation manuai(DOM). DOM was approved by DGCA only on I "
Dec 2008 under CAR 21, subpart JA, issue -II, revision 0.
There was an MoU between NAL and lAF on 141h 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 Committec(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 m 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
of the salient observations:
I)

2)

3)
4)
5)
6)
7)
8)
9)

I 0)
I I)
12)

reveal ed some

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 held on 28m Aug 2008. Mter this meeting
there were 27 test flights (including ACCIDENT FLIGHndone. There was
nothing reviewed. Similarly In 2009 also there was no review of the project
byMCorNAL.
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 .
Continuous evaluation of procedures/design modification for safe conduct of
test flight is not at satisfactory level.
Co-ordination with OEMs of engine and MT propellers is not there after
vetting the relight procedure by ASTE for their comments and guidance.
There is no proper interaction between NAL and MT propeller regarding the
formulation of the relight procedures.
There is no contingency plan in detail available in case of mi ssing
aircraft/exigencies/loss of communication and accidents etc.
No chase aircraft and film shooting facilities were made available to monitor
all critical \test flights especially the test flight involving relight procedure.
Failure of regular monitoring and improvement on telemetry monitoring
systems and their documentation procedures.
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
Non-inclusion of critical engine parameters like ITT, engine oil pressure etc.,
essential for monitoring test procedures, in the vacant slots ofFDR
Aircraft was used for flying demonstration in Aero India 2009 show at
Bangalore. But no DGCA permission was taken by NAL for the purpose.
There is no effecth·e and continuous monitoring of test programme by :\1C
and no records of monitoring available.

NAL also subcontracted a private agency named Aircraft Design and Engineering
Services P\1 Ltd (ADES), Bangalore for supporting Saras project. Aircraft Design
and Engineering services p\1 Ltd (ADES), Bangalore was approved as a design
organisation under CAR21, subpart JB and it is valid till31.12.2009. 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 I .5.2008. The
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following peculiarity was observed while scrutinizing
attachments:

the agreement and its

I) Even though agreement was made on 1.5.2008 it was made effective from I " April
2008.
Contractor will engage experienced aircraft designers, engineers 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 ofSARAS project is being done by the contractor.
2) 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.
3) 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.
4) As per agreement 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 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.

1.18

Additional

Information

1.18.1 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 flying both for upgrades of existing aircraft and for prototype
aircraft. Presently the only prototype testing being undertaken is for LCA by NITC,
liT 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 engineers are trained to
undertake test flying on fighters and transport aircraft. The pilots and ITEs have
experience in test flying of other turboprop previously like Domiers, Avros and AN32 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 tbe Commandant ASTE, IAF as per tbe "Memorandum of
Understanding for SARAS Programme, dated 14.05.2003 .The deceased Test pilots
and ITE were given training on various systems of SARAS aircraft by respective
designer and Test Director at NAL. On completion of the training, a request was made
to DGCA by NAL for approval of test pilots and Chief of Trial Team. Similarly
acceptance of ITE was obtained from the DGCA. Previous experience of test
pilots/ITE are examined as per advisory circular 0112001 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.
1.1 8.2 Preflight and post flight requirements:

NAL reported that the following arrangement are a\·ailable for the purpose of Briefing
I 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 CommandProto 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 I 0 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, ElectricaVAvionics, Telemetry and Maintenance I 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 accident flight ,the same was done on
6th March 2009 afternoon. 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 flight 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 aircraft 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 ofT, propeller feathered and single engine landing executed.
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No effort should be made to 1Iy the relight a second time. These detailed discussions
were nowhere docwnented/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 docwnents did not include contingencies
plan/procedures for unexpected exigencies/missing/loss of communication/ accidents
etc.,

Similarly there is no documents made available to indicate the existence of cf fcctive
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 discussion 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 aircraft as well production aircraft and Since huge public money is
involved in the project, DGCA's serious involvement is a must for effective control
on the project

1.18.3

Effecth·e m·en;igbt functioning ofDGCA,R&D(AED)

When the prototype is completed, NAL submits test plan for block of 10/20/25 flights
along with aircraft definition docwnent/SOP. After scrutiny by DGCA(R&D) Head
Quarters I 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:

I. 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 PTI VT XRM at Bangalore and demonstrated the flight to public upto low altitude of
300'AGL over Yelahanka airlield.(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 itsel[ NAL reported that the
infonnation 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 aircraft, participation in the public demonstrative
night 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 night clearance including engine shut down and relight night 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 ofCVR and FDR by NAL

5. No contingency plan for communication failure, accident, missing aircraft etc.

6. Non-participation and strong guidance in critical night tests procedure like engine
shut down and relight test programme.

1.18.4

Periodical monitoring of re\"iew 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 aircraft. There
shall be a dedicated experts to do these continuous monitoring for improving the
cockpit procedures and discipline apart from evaluating the design modification
requirements 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
night 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 night recorder as per VollO, DR36 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 Sec 2 ser I, Part V)
However it is understood that DFDR docs not ha\·e engine parameters like engine
oil pressure, ITT and fuel flow etc to monitor these in relight 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 I second. That means 128
parameters of 12 bit resolution can be recorded in one second. At present I 00 slots of
12-bit are full and 28 slots of 12-bits are vacant. It means that SSCVFDR still has

27

room for accommodating another 28 parameters of 12 -bit each. The above
mentioned critical engine parameters like IlT, Oil pressure, fuel flow etc arc hence
to be included in the FOR.
is therefore felt that NAL should hne prudently included the abon
mentioned parameters as the slots are still ,·acant. 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) .
It

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 Dangalore and At IIQ
control on the matter

also should not exercise the proper

1.18.5 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 PTI and
PT2 aircraft for higher altitude flight upto 15000'
vide AED letter
no.BLR/AED/SARAS/2008-08 dated 21.01.2008 to carryout
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 carrying out the flight test.
However it is not understood till 49th 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
I. I 8.6 Review of SSR -flight instrumentation system:
It is given to the knowledge that the aircraft is also fitted with Solid State
Recorder(SSR) for the purpose of assessing the complete flight performance of the
aircraft. It records quite large no. of parameters even better than FOR. It 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 housing unit from
the point of fire proof and crash proof till the Saras aircraft is released for production
flight.
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I. I 8. 7. Electrical system and role of Auxiliary battery
To understand role of auxiliary battery in relight operation electrical system
aircraft is necessary to be understood

of the

Electrical Svstem Architecture
Electrical System Architecture for SARAS Aircraft is as follows. Two starter I
Generators serve as main power supply sources. The same star fer/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 I 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 Warning Panel), Fuel flow meters. Also the auxiliary battery serves as
additional emergency power source during double generator failure.
Reason for introduction of auxiliarv batten•.
During starting phase of Saras aircraft development main I emergency bus voltage
dips below the operating voltage of Generator Control and protection unit (GCPU),
Central Warning 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 auxiliary 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.
,\uxiliarv Ratterv 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.

2.

3.

Position 'OFF'
The Auxiliary BATIER Y 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.
Position '0:-1' (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 connected to Auxiliary battery bus bar only i.e.
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).
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)
!\lain Battery Jlischarge Warning.
Main Battery Discharge warning v.ill 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.
I. 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. Audio warning comes 'ON' along with indication, in
CWP.
b)

Batterv Indications:

Main Battery:
I.
Battery disconnect (RED lamp in CWP).
This lamp comes 'ON' when battery is not connected to emergency bus
bar.
2.
Battery discharge (RED lamp in CWP with Audio warning)
3.
Battery 'HOT' (RED lamp in CWP).
This lamp comes 'ON' if the battery temperatures rises above 7 I 0 ±2°C.

Auxiliary Battery:
I.
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 above 71±2°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 v.ithin the reach of both
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pilots. The mechanical movement from cockpit is transmitted through nexible ball
bearing controls to corresponding 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 propel! er lever has a governing range between max. RPM
and minimum RPM positions and feather range.
The blade pitch is controlled automatically in llight to maintain the RPM constant to
pre-selected value. The chosen relationship of engine power to propeller pitch depends
on operating requirements. Based on propeller RPM selected, turbine governor section
of propeller governor 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).

Jl7•ereas in P./80 Amnii ll aircraft. n1ere exists two -le1•er concept.ie., power and
condition ln·ers 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 dmm 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 governor in the fuel control unit in
conjunction with the propeller cam linkages. Increasing NG results in an increased
engine power.
The condition lewrs (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 le,·er.) In llight, 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 IITs during periods of high generator
loads at high ambient temperatures or when increased bleed air now is necessary.
Moving the condition lever aft from the G.l. 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 Je,·er, single control box operation is easier compare to
the three lewr operation. NAL should explore the abo,·e concepts to adopt in
future Saras project for achie,·ing 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 lndi a engineering team had visited NAL,
Bangalore from 6th Jan to 9th Jan 2009 to review and study the avionics and electrical
systems of SARAS aircraft vr -XSD for the purpose of type certification, design,
implementation and system architecture. Certain observations 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 pi tot probe and AOA with fuselage, position of pilot probe water
drain hole, pilot probe heating, warning for emergency door opening. However these
were not contributed to the accident.
Propeller certification

1.18.10
I.

Se/ectio11 ofet~gille-prope/ler combi11atio11:

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 alternatives were
also explored and finally discussion held with MT propellers of Germany and a
propeller development programme was finalized. Broad details of the 1200 SliP,
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 propeller is 93 kg with Aluminum hub to be
qualified with Aluminum material and I 08 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 lEA SA 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 J.ff prope 1/er filled o111he accide111 aircraft was made as per
their specijicatio11. it is yet to be certified by competent authority due to other
/echllical/tesl requirement like actual vibration test in flight. These propellers when
receivedfrom J.ff 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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prm·isional 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 aircraft The
tests were carried out based on JAR-P-210 (B)(I)(ii) I CS-P 390(b)(2) I FAR
35.39(c)(2), applying JAR-E 740(c)(l), CS-E 740 (c) (I) and FAR 33.87 valid for
turbine engines with standard ratings (Maximum Take -ofT 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 -67 A engine parameters (both
installation and engine indicated parameters) were compared with the limits and found
to be satisfactory. Dynamic balancing was done for the 1\IT 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. Howe1-er the propeller
l'ibration check on the aircraft is kept pending and this also to simulate actual
condition of•·ibration.
Moreo1·er the engine test stand/rig used for this purpose is locan1'/abricated and does
not hal'e any approml 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 I 00 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 mo of a propeller is always divided into hours and calendar month, because
both may have effect to airworthiness. Because it is not yet fully tested ( vibration
flight test not completed ) only I 00 hours initially allowed , full 72 month is used for
mo. because a reduced calendar time limit was not necessary. This is a normal
procedure they use with all propellers.
JloH'e•·er it is to bear in mind that it is uncertified components going to be used in
prototype aircraft it can not be straight aH'IQ' used for 72 months. NA L Should ha•·e
consulted other a•·iation industries before following the TBO of 72 months.(Note:
first 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 wc11 as a
vibration test on ground (non-flying ) and a tear-dov.n inspection after the run. This
was enough for 1\HP, 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 inllight ,·ibration test, the J\ITV -27-2-N-C-FR(P)ILD265-417 was nenr fu11y certified by the EASA since J\ITP could not show
compliance of this part per CS-P.
(d). They have to certify the propeller according to CS -P first before they can gel
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 docs not show any negative r csults, the
TBO will be established for 1500 hours.
It must be noted that there are other tests like Fatigue Characteristics,centrifugalload
test, lightning strike tests etc., are yet to be completed for EASA certification purpose.
It is hence concluded that NAL used uncertified propeller either by country of
manufacture or by the country of test flying. On receipt 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 J\IT Propellers:
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:
I)

It was informed by MT propeller that the present feathering angle setting (low: II de g.
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 needed 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.

2)

Drop in Np during both relight attempts would occur only with propeller lever pulled
back from fully forward position.

3)

Flight clearances were gi\·en to NAL for 100 flight hrs based on endurance tests. The
factory setting was II 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.

4).

Propeller controlle\'er should be in "Feather" position for engine relighting and
only to mo\·e forward after attaining the stabilized Ng at flight idle (ie SO -SS%)as
per engine manufacturer

5).

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

6).

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).

There was no SOP issued by MT Prop toNAL 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 experienced in the accident except not moving the propeller to
feather for relighting procedure.

9).

The propeller was not tested for windmilling conditions during design as it is not
covered under requirement

I 0).

For the query of When an engine is cut off in night 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 mise 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 clarified that If a propeller is feathered, it usually should stand
still at Vy. The blade angle to get this must be adjusted during the night tests, which
was not completed, because our chief engineer or me was not present at the first
nights, because it was decided to come for the in -night vibration tests, once the full
night envelope was opened, which was not yet completed Therefore, we could not
adjust the feathering angle for a stopped propeller, in particular imponant for the
engme.

I I).

If the pilot(s) feather the propeller for a single engine test night, the propeller levers
must remain 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 I 00% Np (or close to).

12) For why Ng went never to zero %when the condition lever was pulled into fuel cut off
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 turning it at 7% in this condition. Essential for them as the propeller
people is, that the rpm lever should have been left in feathering position for the en!!ine
restart and only moved forward. once the Ng is stabilized at night 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
uses -67 engine ) some mistakes should have been avoided. Again, this is what I do
not know and therefore, it is hypothetical.
13). 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
governor 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 I 00 % 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) It was also confirmed that as the system beha1•es normal as seen from data (prop
control full forward), there was no malfunction ofthe propeller system.
15) 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 lubrication and
therefore, the pre-pressure dropped and consequently the servo pressure from the
governor, which will move the blades towards high pitch (counterweights and springs)
and a drop of Np will occur.

16)

For the query , Is it possible under the earlier condition mentioned above , the
propeller will not respond to feather command, it is clarified that 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.

17) 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 P180 aircraft but no detailed facts are available.
18) It was further clarified that, when the governor starts pumping the propeller out of
feathering, the process starts slowly and as the blade pitch decreased, the rpm
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 to 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.
19) It is also reported that Since Ng is already turning 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 feel 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 prennt such a situation would ha,·e het-n to keep the
propeller in feathering position. which means the propeller control must stav 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.

!.18.12 l\lismatch 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 pilot head
Suitable modifications on Saras aircraft Pilot system or Nose Landing Gear DDoor 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 SOl:
During the deliberations with engine OEM(P&\V), 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 kn0\\11 propeller industries.
As per OEl\1 engine, as far as propeller concerned , the recommended pre air
start check procedure for Normal Air Starts is: Propeller Control Lel'er- anyK"here

in operating range K"ith Note That: propeller feathering i.f 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 erne 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 "\\'hy 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 (SOl) has a Note under relight procedure which talks about
feathering function which is under pilot's control. There arc installations where start
is achieved with propeller out of feather. However, such evaluation is typically
done at the end of denlopment testing by design agency to establish the best re light procedure. It is opined that no relight should take place until aircraft bas
flown full enwlope and aircraft's aerodynamic characteristics fully understood.
It was ascertained by P& W that The present Installation Manual co••ers 14 engine
models which were certified using si mi/ar SO/. 1\'o 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 noid disk Drag and abnormal beha,·ior 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 t!teyfailed in this aspecL
For the likely cause(s) of failure of first relight attempt it has been commented
by P&W that From the telemetry there is fuel flow indicated before the engine relight 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 tbc first rc -light
attempt. However, this is not considered as likely as the second re-light attempt
was successful with no exceedance or rapid rise of liT during this relight It is opined
by P&W that a more likely scenario is that there -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- /'&IV for foot note of SOl "Relight normally
should be obtained within I 0 sees". It means that it should be obtained within 10 sees
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 SYSTEI\1 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 HfF Rff sets 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 -I 0 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 liT. Factors
which affect the telemetry range are the receiver chain on ground, telemetry
transmitter being used and the antenna configuration on the ale as well as on ground.
38

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 2nd floor
while tracking group is stationed in 3 nl floor (Rx room). When aircraft taxies out the
aircraft is trncked closely by the antenna by maximizing Rx signal strength. The
control unit has also that AZ I EL display on the panel. Whenever the tra eking
engineer loses the position of aircraft in flight, he seeks the help of Flight Director to
get the aircrnft 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 RIT calls from the crew towards the end, there was a total lack of
situational awareness among the telemetry group. Availability of a hot mike system 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 PIT 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 I upgraded
with an advanced system with adequate redundancies.

(b)

The telemetry transmitter in the ale should be replaced with a better transmitter,
which would be able to give better ranges.

(c)

The antenna configuration on the ale 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 continues
hands free transmission of all communication between the crew as well as with
the telemetry ground station.

(c)

Recording facility should be provided in the telemetry station for the Rff
communication between the aircraft and telemetry station.

(I)

Necessary modification may be carried out on the aircraft to isolate the
telemetry and FTI system from the main bus bar during an engine start up and
put it on a standby battery in order to avoid loss of critical data during engine
start up.

1.18.15 Emergency Locator Transmitter
ISRO Satellite Centre, Pccnya, Bangalore did not receive signal from the ELT fitted
on the accident aircraft on 06.03.2009 after the accident. Also during the examination
of the V.Teckage at site the ELT unit was not traceable. Only six batteries of the ELT
unit were recovered from the wreckage site in burnt out condition. ELT could have
been burnt in post impact fire as its housing is not fire proof. ELT antenna was also
found disconnected.
1.18.16 Statements, collection of e\·idences and in\·estigation:
DGCA, New Delhi vide order No. AV 1501311/2009 -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.

I.
2.
3.
4.
5.

Operations group
Engineering group
Wreckage investigation group
Recorder group
Medical group

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.maiUfax
etc. All their valid views and comments/clarifications arc also taken while final izing
the investigation report.
1.19

Useful or effecth·e in\'estigation techniques:
Nil

40

2.

ANALYSIS

2.1

Sen·iceability of the aircraft
The SARAS PT -2 aircraft VT-XRM is an experimental aircraft 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, Can ad a ,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 49th 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 Dl. No snag was
reported. Aircraft was certified airworthy for test flight 49 in the form "daily
inspection and clearance for Test tlight-Saras aircraft" by concerned DGCA approved
inspectors. Aircraft was also accepted by the pilots in the form IAFF(n 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 following 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 h igh 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 th 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.

2.2

In flight procedures, Role of the crew and Cockpit emergency exit pro\·ision
NAL clarified that
PI is the Captain of the aircraft. As per ASTE standard
operating procedure, FTE reads out the command/ test point/ check list and PI or P2
as pre-decided by PI 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 mluesl limits of engine oil pressure and 17T that are to be monitored during
engine relight exercise is not included in the detailed test points and NAL should
include in the future test schedule.
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Aircraft records revealed that aircraft was placed with 3 parachutes for emergency
e•·acuation purpose. During wreckage inspection this was also confimzed. However,
cockpit checklist procedure does no/ include checks for parachutes.

At about 5 mins prior to crash , when something abnormal behavior of the
aircraft was felt by the pilots Co-pilot was hilariously telling commander "road
is there for emergency" and also ad,·ised ITE for placing readiness of parachute
for emergency. These parachutes were not used by the pilots/FIE 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.
2.3

Procedural Lapse of project team and Management committee (l\IC) .

(a)

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 ale. The copy of SOl
Manual (Part No. 3037028 Revised I I July 2001) issued from P&WC is attached in
attachment folder. The relight document was only vetted and approved by ASTE on
6'h Mar 09 even though the trial planner was remarked by CRPO,IAF on 22 ttd Jan
2009. This document was not sml to the engine and propeller OElols i.e. lolls
P&IV,C and lolls lolT Propellers respecti••ely for gelling their comments and
guidance.

(b)

Prior to the conduct of the Relight Tests, NAL had sought certain clarifications from
PW&C on 30th Dec 08, on the exact procedure to be followed for a relight The reply
was received after a reminder on 26 tit Feb 09 and it stated that the procedure laid
down in the SOl should be followed. The SOl mentions that prop cont rot 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 OEl\1 considering the aircraft being experimental aircraft and NAL was
in constant touch with them. P&W should ha\·e gh·en clear cut instruction
whether to keep the propeller in "feather" or "Fine".
As per OEM of propeller-MTP during the meeting with DGCA investigation team,
the Prop Lewr should ideally heen 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 l\lanagcmcnt
Committee (l\IC) in fmalizing the correct procedure for engine relight procedure in
flight.
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The confusing instruction and guidance of Engine OE!\1-Pratt & Whitney,
Canada:

2.4.

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 certified P& WC
engine, and uncertified MT propeller, the Engine OEM cannot absolve themselves
of the responsibility of giving critical information which could adversely aiTect the
safety of aircraft during the relight. Also, there was no caution provided by the OEM
in the SOl in this regard. Considering the very definitive and clear instructions by
P&WC to follow the procedure as laid down in the SOl, 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 information and have not realized the
repercussions resulting from the placement of the prop lever in the "Fine"' position
As a well established A\·iation engine industry , This lacks the clarity from
Engine OEl\1 considering the aircraft being experimental aircraft and NAL was
in constant touch with them. P&W should have gi\·en 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 SOl.
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.

2.5

Engine Relight procedures-Re,·ision:
It has been observed from the records and statements that 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 oiT, propeller feathered and single engine landing
executed. No eiTort 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.

Jfowewr the abo,·e 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:
I.

2.

3.
4.
5.

There is no mentioning of role responsibility of the individual crew, of who
will check what and who will act and respond etc.,
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 Sw;tch" 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 2nd relight attempt and that too at low level.
No altitude restriction was also highlighted for relighting.
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It has been reported by NAL that adequate practice of re-light drill 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 ballery 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:

•

The cross start in air or on ground when the auxiliary ballery switch is ON
position is always successful.

•

On ground, Auxiliary ballery must be selected 'ON' as given in the existing
procedure (Vol. 28, TB-04, Quick Reference Handbook, page 4-11, dated March
2007).

•

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 it is inferred by N AL that
i)

Auxiliary battery is not required for relight in air.

ii)

Re-light in air will be successful without auxiliary battery.

iii)

Three internal/cross starts/ air starts arc possible with the main ballery.

iv)

A time gap of 3 minutes for ground start and 2 minutes for air start to be obse rvcd
between successive allempts to start (on account of limitations of starter
contactor unit).

Further Electrical, Ballcry capacitance records verified and found both Main & auxiliary
balleries were periodically Capacity tested and recharged and arc val id on the day of
accident.
However, it is not understood the abo•·e 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 sufficient for grou nd start. It is
hence felt that NAL should come out with clear cut procedure for AUX. battery for
engine start (internal) or increasing the capacity of 1\lain battery is to be explored
and hence removal of Aux.battery from the electrical architecture.
2. 7 Re>·icw Of Starting And Electrical System Of Saras Aircraft:
I.

After the accident a lot of Discussions were held between NAL design team and
DGCA im·estigation committee members regarding the function of aux. battery during
cross start on ground and in flight. The following points were discussed. The auxiliary
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battery selection S\\itch position and the bus arrangement were explained. With the
auxiliary battery switch in any one of the following positions: ON I OFF I CHARGE
position. The plausible reasons for engine not starting during the first relight attempt
could be;
(a)
(b)

(c)

2.

Aux battery not on line.
Start mode switch selected to motor position.
Fuel mixture rich during relight.

Functioning of the electrical and starting system, under I he above-mentioned cases is
explained as under;
(i). CasP (a) Aux. hattPry switrh 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 hatterv switrh the '0:-.1' position

The aux battery is connected to auxiliary busbar and it supplies current (discharge) to
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 I 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 hatterv switrh 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 alLx battery switch is 'ON' position is
always successful. Hence recommended for all air starts. But il 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.
(ii) 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 I 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 th Mar 09 during the course of the sortie. 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 second
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) It could be possible that the start mode selector switch was in the 'l\lotor' position
instead of 'Start'. This condition would result in dry motoring only (no ignition).
This would also increase generator current by about 200 A. This is also corroborated
by the 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 dive and unsettling of crew in the cockpit (due
to excessive yaw rate, sharp pitch dov.n and effect of negative 'g') caused due to spin
up of propeller RPM to :: 100%.. 1\loreover 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.

(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.
(iii) The cause of the unsuccessful relight could have been because of the rich mixture.
The fact is that the fuel condition lever was not moved during the two relight attempts
and there has been a constant fuel flow of 30 kg I 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
5.

Inference: The successful second relight confirms 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 pressing 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

remo\ing 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 FOR data that the Ng
had risen upto 26% RPM and then wound down. The FOR data did not have the liT
or fuel flow. However, by interpolating the telemetry data during the link break, it
appears that there was no rise in liT or fuel flow. The reason for the engine not
lighting up in the first attempt could be one of the following: (a) 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 ale suddenly yaws and dips viciously (from the pilot's
reaction at 00:3 I :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. :\1oreonr 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 ,·oltage. And also at last moment during second attempt crew was
calling for engine start. This indicates Lll engine was yet to be started.

(b) Aux Battery not changed o\·er to 0:-.1 from CHARGE 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 mandatory requirement during ground
start But not for on air start. The electrical system architecture however revealed that
Auxiliary battery is not required for relight in air. Re-light in air will be successful
without auxiliary battery. Three intemallc ross 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 irrespective 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 ale went out of
control. Subsequently, after stabilizing at about 7000 ft altitude, they attempted to start
the engine by selecting Start mode Switch to the START . but no conforrnity of that.
From the FOR 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 liT are not available in the FOR 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 liT 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 increase in fuel flow from 6 kg to 35
kg just before the unusual situation took place. On correlating this with the CVR
transcript, this point matches with the call of 'BOOSTER PUMP ON' given by the
pilot.. Thereafter, 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 risen 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 Lever 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
re,·iewed in detail by the designer.
2.9

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 meet these requirements are to be
continuously assessed and are planned to be fligh t 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 arc gi\'Cn in a tabulated form for con,·cntional wheel type controls
during the testing.
Forces in pounds applied to the control wheel
or the rudder pedals

pitch

roll

For short term application for pitch and roll
controJ-rn·o hands anilable for control

7S

so

For short term application for pitch and roll
control- one hand available for control

so

2S

ISO

For short term application for yaw control
10

For long term application

yaw

s

20

As it has emerged from the CVR transcript of the 49"' flight, the pilots have
commented on the excessive control forces experienced 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 night 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 night.

Investigation also established that
I.

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 night condition. This has been brought out by the crew time and again during the
flight as has emerged from the CVR transcript of the 49th night, 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.

2.

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.

3.

The control 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 phase, when the Np_L shot up to
I 00%, 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)

4.

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 :"JAL 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 night and prior to formulating the
engine relight procedures in air.

Design improwment on control surfaces is hence required to be done such that
e\·en for night testing purpose the magnitude of forces should be such that it is
possible by the night crew to manually fly the aircraft without getting into fatigue
level.
Similarly NAL should not look for the l\laximum limit pro\·ided 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.
Initially, it appeared that there was a malfunction of the pitch change mechanism of
the propeller, due to which the pitch of the propeller had changed from FEATHER to
FINE after the Propeller lever was moved forward to fully Fine position as a
preparatory step towards relighting the engine. It was assumed that 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 Propellers,
Germany it emerged that the behaviour of the propeller was absolutely normal and
as expected under the given conditions and selection of propeller control Ie,·er . 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 FEA TilER position
would release 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 rpm. As inferred from the
telemetry and FDR data, thi~ is exactly what had happened and had resulted in
excessil•e drag due to the flat disk effect oftire propeller wind milling atlOO% rpm.
Prop OEI\1 further reiterated that as a matter of normal practice, the relight
should be done with propeller in feathered condition and the pitch lever should
he moved to FINE onh• after successful relight and engine reaching the night idle
parameters

2.11

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 I 00 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 ie I I deg) and lead to the aircraft to behave the way it had in the accident
flight where the propeller RPM went to 100% with engine switched ofT condition.
It was clarified by NAL that till PBA, drag due 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
I 1.07.2001 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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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 sideslip 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.
2.12

CO!IIDITIO:"J

~DER

\\1IICII PROPELLER EXCEED 100%

RP~1

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

RP~1

from feathering:

Situation 1: Initial state taken is when aircraft was flying in controlled level flight
condition with LH engine shutdO\m, 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 being 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 oil with this
increased pressure is now going to propeller housing and not being dumped to oil
sump (which was happening in situation (I). 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 catching 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 I 00% RPM. But if RPM increases faster than response time of
propeller governor, over-speed governor (OSG) would come into play for
RPM>106%. In case ofSaras, OSG did function as expected and contained propeller
RPM to I 09% 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. Deta ilcd 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, Domier-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 starter assisted or wind milling
started, it is a recommended practice to 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.lfon 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 generator turbine are only aerodynamically 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 to go very easily to
high disking drag situation. To avoid this and also due 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 flight envelop where it is optional.
Propeller Feathering Operation
Following points may be noted before the operation is studied in detail:
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•
•
•
•
•

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 servo 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 spring; 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
c) The spring mechanism in the SARAS propeller servo system comprises of two coaxial springs. This feature has been incorporated to ensure 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
servtce.
To summaries, it is stated that engine innight 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.
2.13

:\lonitoring of Telemetry facilities and FTD role:
Telemetry is an effective tool for online monitoring of prototype test flying wherein
test crew could be warned 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 telemetry station.
The tracking antenna of ASTE works in azimuthal direction 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 totally 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 flight. 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 telemetry 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 denloped to resoh·e 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 trial team (test crew) and the monitoring team is essential
for the optimal conduct of prototype test flying. The aircraft OEM (NAL) needs to set
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 I "
flight of PTI 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 perso nne/ are
required to be brought under DGCA appro••a/ system so that the efficiency of the
system is under monitoring.
A formal training S)'llabus should be formulated for training of new incumbent
under supenrision for a minimum set criteria before deari ng them for
independent operations. Similarly some sort ofrefresher training is also required to
be imparted to these personnel.
Probably frequent breaks and disturbances in the telemetry data has resulted in aU 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 mcrease m Np L" which was not monitored by
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concerned. Therefore, necessary up gradation or renmping 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 unexplainable increase in Np-L reaching 100%
when Ng was around I0% and oil pressure was 6 -7 psi.
However from telemetry data it is understood apart from frequent telemetry link
failure there were following abnonnal situations under his close monitoring when
telemetry link was available immediately after starting of relight procedure, for which
FTD could have called ofT the flight test:

I. The Torque required on right engine to maintain the aircraft in stabilised level flight
condition with left engine switched ofT 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 sees telemetry time, Altitude: 3016'.
2. Telemetry time: 3234 sees to 3246: aircraft went into dive and loss the height from
9200' to 7300',speed gone from 125 to 181 kts, ROD: IO,OOOFPM(emergency ROD
3000FPM) -about I 00 sees prior to crash.
3.TELE time:3273 to 3302 sees, 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 k1s. Pedal force above 60 kg reached 90. The
aileron forces were 30-40 kg.- about 60 sees prior to crash
4. Tete time 3321-3329: telemetry link restored after 17 sees from 3302. Aircraft
speed 120 kts, height 4600' and continuously reducing.
FTD has the authority to ad\ise the a ircrew to abandon any particular test. if he
considers it necessary to do so in the interests of safety. As per Annexure -I to
appendix- C of joint Directive between NAL and ASTE,IAF , based on NO GO
Items, he could have called ofT or aborted the flight for the above said situations
involving telemetry link problems, abnonnal 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 relight 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 ofT
the flight. Crew were also not responding to the doubts raised by FTD on three
occasions even at one stage after the initiation of first relighting at about 37 sees
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 supenisor also failed in his responsibilities for flight safety in co ordination with FfD as the situation warranted.
It is also informed that alongwith FfD Wg Cdr Jaiswai,Test pilot -Saras,Wg Cdr
G.D.singh, FfE_Saras were also monitoring the flight at Telemetry. They also
failed to advise FfD 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 needs to be re\·iewed .

CVR, DFDR and TELEMETRY Data analysis:

2.14

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 retrieved. 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
data/cockpit voice /CVFDR analysis:

the above

I.

There were mainly the crew concern about control surfaces in -effectiveness and
the felt excessive drag and hence the requirement of more power.

2.

Till I :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 5 sees
before, But after that there is no call for "ENGINE START SWlTCH to START."
At I :22min prior to crash there was an excited voice of FTE " Start.. Start.Start
Engine .." At this stage aircraft lost height from 9113' to7166' ie almost 2000' ;,
10secs. Subsequmtly there "'as a momelllary· control of the aircraft that was
indicated by the pilot Jaughi11g. But the height lost continued thereafter.

3.

Alarm 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.

4.

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 sees later. Battery
discharge call has been designed to rise along with starter motor engaging and large
current drawn.
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5.

There has been a steep raise in Np-L, producing excessive drag. The blades cannot
be expected to go to un-fcathered 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.

6.

The presence of high drag effect on the left side due to disc effect, probably
caused an upward force and consequent nose down attitude. As the right side
not hning similar upward force, a case of asymmetric tail ,·ertical load could
hne caused the recorded excess roll also.

7.

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 sees ,
after the first sign of emergency at the time of I :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

8.

9.

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.

I 0.

With Np -L continuing in range of above 90%, during a large part of remaining
flight time, there has been, a repetitive attempt I wrong handling by crew, \\ith
control inputs and throttle of both the engine. There has been continuous drop of
altitude and speed.

II. The possible second relight attempt seems to have taken place at the time of 26sccs prior to crash. And the growth in ;o.ig -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.
12. llowewr the fast induced .-ariation in power on lh·e engine, and not ha,·ing
enough height, to recO\·er, the aircraft, has de parted from the controls and
balance.
13. 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 sees prior to crash when aircraft was loosing speed . Similarly at
critical stage of last moment at about 20 sees prior to crash again P2 was
cautioning the PI " do not cut liH engine" as the aircraft was loosing height
rapidly and ,-iciously.
14. For each and e,·ery 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. ;\foreo,·er cockpit sterility is not
satisfactory.
15.

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 sees after this doubting
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performance of the aircraft, when ITE suggested for going back to base, it is
blindly rejected by the copiloL 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 ad\·ised ITE for the placing readiness of
parachute for emergency, without assessing the risk of the situation.
16. 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 inoperath·e landing which they han
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 sees prior to crash by the time aircraft
almost ncar the ground. Relight procedure was not done at safe altitude as
prefixed at 10000'AJ\1SL

17. Crew were not responding to the doubts raised by FTD on three occasions
eHn at one stage after the initiation of first relighting at about 37 sees prior to
crash _ ITO also failed to call for the aborting off flight test 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.

18.. Crew were not using tire internatioiWII)' accepted a••1at10n language and
termino/og;• lllost of tire time using Hindi and tlrat too broken and unaccepted
le\'e/ creating lot ofmisunderstanding ofthe jliglrt deck em·ironmenL
19. Crew never attained the flight le\·eJ of 100 as cleared by radar. Maximum
reached by the aircraft was 9528'AMSL at 3min 40 sees prior to crash.
Similarly at time 09:48( about 15:25 mins prior to crash) UTC when radar
asked for the lent confirmation crew ga\·e wrong le\·el 90 e\·en though they
were on le\·e170. ATC instruction at 0942 UTC for le\·el clearance to 100 from
5000' was not adhered. They reached about 9236' and then descend to 7200'
at 0948 UTC.
20. DFDR recording also renaled 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
flighL
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 Mls. 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 C9Ia, 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 carried 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 inves ligation 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 Gat impact. With these G I evels the ELT would have
transmitted signal at 121.5 !\1Hz.
All ELTs installed on the aircraft are required to comply with current DGCA, CAR.
SEC 2, SER I, PART II. Details of capability are mentioned in CAR SEC2 , SER '0',
Part II,III,IV,V with regard to type of operations. ICAO 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 Mllz AND 406 Mllz. However this fact has been
overlooked by NAL and ELT fitted on accident Saras PT-2 aircraft was capable of
operating only on frequency I 2 I .5 Mllz.
On enquiring at the ISRO Satellite Centre, Peenya, 13angalore it is learnt that, from
01.01.2009 the distress frequency for reception by both SARSA -T and INSAT has
been shifted from I 21.5 Mllz to 406 Mllz and thus no signal has been recorded by
ISRO on 06.03.2009.
Also during the examination of the \\Teckage at site the ELT unit was not traceable.
It could have been burnt in post impact fire as its housing is not fire proof. Ho wever,
only six batteries of the ELT unit were recovered from the \\Teckage 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 I 21.5 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 1\lllz compatible with satellite tracking system is the cause
for ISRO satellite not picking up the ELT signal.

2.16

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 ncar the main
wreckage of the aircraft. Following this, a comm iucc was constituted by Head, CCADD 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
fuselage 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 e\·ident 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 imprO\'e upon the locking mechanism of these doors
including emergency doors.
2.17.

Structural

int~gritv

ofSaras 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 Jed 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
areas 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, II 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.

2.18

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 a maximum of
25,000 ft. and max. speed of 200 1.-ts. Also as the fuselage was not yet pressure tested
for PT2, DGCA has cleared operation only up to I 5000ft. 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 shutdO\m 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 l:ts, 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 ft 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 flight test crew
(vide test programme of 49'h 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 trial
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 trials is
13000'indicated(IOOOO' AGL) as the max. limit is 15000' indicated
However after the deliberation on the Trial Planner CRPO,ASTE,IAF has made
remarks on 22 Jan 2009 that capability of engine on both positions for relight in air at
different altitudes above IOOOO'AGL(I3000'Al\1SL) may be progressed/established.
Most of the test documents simply mention I 0000' only but never mentioned whether
AMSL or AGL. Flight test schedule on 6.3.2009 of 49 !h test flight also mentioned
under "objective" only I 0000' altitude for the in flight engine shutd0'-'11 and relight
procedure. It might be possible that Saras test team presumed wrongly this as
I OOOO'AMSL and fixed finally as such for the 49 !h 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 dov.n 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' without 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 AI\ISL altitude
for the relight test profile was appeared to be inadequate for the flight crew to
take suitable reco\·ery actions.

From the abo1·e it L~ inferred that the selection of /OOOO'AMSI. for engine shut
down and relight procedure is not prudenL It requires immediate attention and is to
be rl!l'ised prior to the nextflighL
2.19.

Circumstances leading to the Accident:
At about 0956 lJTC aircraft 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 100 I UTC left engine relight procedure was initiated at about
9200'Al\1SL. During the relighting of left engine, FTD desk also lost contact
with aircraft for about 37 sees. prior to crash.
CVR rcnalcd that after shutdown of LII engine securing of engine was called
for. As per the procedure, propeller control lenr 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: orr, propeller control le\·er: Fine, Power control lenr : Idle,
fuel condition le\·er: OFF, Fuel shut off nh·e: Open, Booster pump: ON, ECS;
Already kept orr, fuel low pressure warning on CWP : Off. This was carried at
about 9200'AI\ISL 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 heard in the CVR. At I :41 mins prior to crash ie., 5 sees after the above Start
mode switch call by FE, P2 shouting in alarming tone, " ......... ," . 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' to7266' ie almost 2000 'in
20secs. Subsequently there was a momentary control of the aircraft , which K'as
indicall!d 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
I :22mins prior to crash (ie 24 sees after mode switch selection call)there was an
excited voice of FTE •• Starl. Start..Start Engine .." to start 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 ftrst relight attempt.
There has been a steep raise in Np-L, producing excessive drag. The blades cannot be
expected to go to on-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 effect 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 c ase of
asymmetric tail vertical load could ha,·e caused the recorded excess roll also. To
counter the largely building up sideslip and course change, the crew took to the action
of throttle dO\m the right live engine. This happened, after one or two sees , after the
ftrst sign of emergency at the time of I :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 sees 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. Pl
Expressing anguish on reducing power of the Ji\·e engine by PI .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/ wTong
handling by crew, ,,;th control inputs and throttle of both the engine. There ha s been
continuous drop of altitude and speed. Aircraft lost to 5200' and speed I!Okts. 33 sees
prior to crash, Speed reduced to 112 Kts, Height reduced to 5400 feet, El 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 PI raising alarm voice of drastic reduction of
speed " speed ........... speed ....... speed ...... speed ...." and P2 asking PI " Oye ..
yaar.. do light up ... , relight..." to relight immediately. This indicates that earlier ftrst
relight attempt was not done successfully. 27 sees prior to crash, aircraft losing to
Height 5000 feet, excess rate of descend ,panics the crew with sayings " going
down" in exhausted voice ofP2 seen here.
15 to 22 sees prior to crash P2 instructing PI to do the action which ever is, which
has brought the aircraft to some stable attitude when it was done earlier. Again
anguish is expressed by P2 to PI on 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 sees prior to crash which was indicated
by Minus Lc 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 PI-" aircraft has departed ... aircraft going to ground".
During last I 0 sees of the crash PI 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 Warning coming in the background also stopped, indicating
engine relighted successfully. But the aircraft almost on ground, PI calling •• Going to
ground". Last 5 sees 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,
liT 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, liT 773, fuel flow 78(came down from 336
which was
increased in the 5 sees prior to crash), torque came down to II 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 initiation 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 risk.
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 done by the pilots by sclcctin g 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 engine was also handled injudiciously
by the pilots. Aircraft viciously came dov.n to about 5000'. As
soon as the first
relight attempt at appr. 7100' AI\ISL failed and aircraft started loosing the
height viciously pilot should ha\'e shut down the involved engine and aborted the
flight to make single engine inoperath·e landing, which they have successfully
simulated in the starting of the test flight. Aircraft was continuously loosing height.
But crew went ahead with 2nd relight attempt just 8 sees prior to crash at about
5000' which was successful just 2 sees prior to crash. Speed was almost washed
off Just 2 sees Prior to the crash and then started rising. This was again done
outside the relight en\·elope(speed and altitude). Ewn though the second relight
attempt was successful aircraft almost reached near the ground and crashed.
Absellce of ally emergellcy call from the aircrqft was possibly due to pilot remaillillg
occupied ill colltrollillg the aircraft til/last momellt of the critical situatioll.

3.

C 0 N C L US I 0 NS :

3.1

FINDINGS:

I.

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 tb flight on 6tb march
2009 is the first test flight, which covered the test point of engine, relight
procedure.

64

2.

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 Saras PT2
accident aircraft. There is no other known major maintenance defects or
structural defects.

3.

Accident took place in a broad day light and Weather is not a contributory
factor to the accident.

4.

Crew were appropriately licensed and qualified to undertake the flight. They
were also medically fit and taken adequate rest prior to operate the flight.

5.

Test crew did not undergo approved human factors/CRM training and the
NAUASTE also did not ensure CRM training of the pilots/test crew before
using them.

6.

There was no pre impact fire. All extreme ends of the aircraft were within
the main \\Tcckage 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 fonvard moment of the aircraft after main plane
impacted the hard ground.

7.

The cable run (burnt) 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 burnt but retained its
solidity.

8.

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.

9.

Aircraft was used for flying demonstration in Aero India 2009 show from
I 1.2.2009 to 15.2.2009 at Bangalorc. But no DGC\ permission was taken
byNAL.

10.

There is no effecth·e and continuous monitoring of test programme by
:-.'AL-ASTE(IAF) l\lanagement Committee and no records of monitoring
available.

II.

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 gh·en to the contractor that of only
giving design and engineering support to the parts and appliances.

12.

As per agreement between .:-.'AL and ADES-subcontractors, Ewn 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.,.
13.

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.,

14.

There is no meaningful and dfecth·e supcn·ision and control on the Saras
project by DGCA-AED.

15.

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 Elentor
position indication is also to be rectified.

16.

Se\'Cral obserntions made in the inspection report of Air India
engineering team in 2009 arc pending action by NAL

17.

Aircraft was fitted with certified P&W engine. However the MT propeller
fitted is under the process of certification and is yet to be certified. On receipt
of the propeller and prior to usc on the aircraft it was not declared FIT
byNAL.

18.

Propeller manufacturer confirmed that Propeller control lever should be
ideally kept in "Feather" position for engine relighting and only to mo\·e
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.

19.

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

20.

II ,..as also confirmed thai as the propeller system beha•·ed normal as seen
from data (prop control full for,..ard}, there ,..as no malfunction of the
propeller system.

21.

There was no malfunctioning of the engine system.

22.

Facilities, functioning and tratrung of monitoring personnel o f telemetry
system requires immediate review as there is no proper documentation of
monitoring, frequent link interruption etc.,
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23.

There is no proper recording system of RF between the FTD and the crew as
well telemetry monitoring personnel on ground. Moreover there is no proper
logbooks/records maintained for each desk of monitoring. Hence there is no
accountability of the desk person.

24.

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. lie was not consulted on the requirement to
call off the flight.

25.

Crew were not responding to the doubts raised by ITO on three occasions
e\·en at one stage after the initiation of first relighting at about 37 sees
prior to crash. ITO 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.

26.

Similarly ASTE supervisor also failed in his responsibilities for flight
safety in co-ordination with ITO as the situation warranted.

27.

Some Test pilot-Saras,ITE_Saras were also monitoring the flight at
Telemetry. They also failed to ad,·ise ITD for calling off the flight seeing
the abnormal situation during monitoring.

28.

There is no ~challenge and response" method formulated by NAL and
adopted by the crew for car11ing out checklist procedures.

29.

The relight document was only vetted and approved by ASTE on 06 Mar 09
and H'as not sent to the engine and propeller OEMs i.e..His P& JJ~C and
Mls MT Propellers respectil•elyfor getting their comments and guidance.

30.

As a well established A \'iation engine industry , There is a lack of clarity
from Engine OE:\1 considering the aircraft being experimental aircraft
and NAL was in constant touch with them. P&W should have gh·en clear
cut instruction whether to keep the propeller in ~feather" or "Fine" for
relight procedures.

31.

There is a Lapse of project team and :\lanagement committee(:\IC) in
finalizing the correct procedure for engine relight in flight.

32.

Test documents available with NAL did not mention about aborting of flight in
case of failure of engine relight at first attempt.

33.

''Saras specific intentional engine shut down and relight procedure" was not
well planned and prepared and did not include the following:

a)

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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b)

c)
d)
e)

Relight procedure checklist or its note at the bottom 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 00 relight attempt and that too at low flight level.
No altitude restriction was also highlighted for relighting.

34.

It has been reported by NAL that adequate practice of re-light drill 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.

35.

NAL should increase the capacity of main Battery and to remo\·e the
auxiliary battery and review then the electrical system of the aircraft to
avoid unwanted confusion in the operational procedures.

36.

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 49th 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 only look at the 1\laximum limit of FAR 25.
Rather it should consult other aircraft manufacturing industries to
explore the com·enient limit of control forces. This needs to be looked in
by NAL on all prototypes.

37.

After mo\·ing propeller to "Fine" The propeller RPM has reached more than
90% before an attempt was made at relight. This wind milling condition 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 acessive
drag due to the flat disk effect ofthe propeller wind milling at /00% rpm .
NAL should study this abnormal beha\·ior of propeller leading to the
situation of disk drag effect when it is wind milling.

38.

Technical evaluation study by NAL concluded that engine in flight re-start
is the safest when it is starter assisted and the propel! er is in 'feathering'
mode. This must be a mandatory procedure for all engine re-starts in
future.

39.

The procedure gi\·en by P& W lackrd clarity and did not give any Advice I
caution particularly with respect to free turbine configuration. This was not
clearly spell out by Engine OEM(P&W) in their SOl 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 te., NAL before undertaking such critical
exercise.
40.

During the first relight attempt, it could be possible that the start mode
selector switch was in the 'l\fotor' position instead of 'Start'. This
condition would result in dry motoring only (no ignition). 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 night crew member during the ensuing dive and
unsettling of crew in the cockpit (due to excessive yaw rate, sharp pitch dO\m
and effect of negative 'g') caused due to spin up of propeller RPM to
100%.. :\foreoHr 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 ,·oltage.

=

4I

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.

42

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
relight attempt is the most probable cause for engine not relighting in the
first attempt.

43

Till I :4 I min 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 5 sees before, But after that there is no call for "ENGINE START
SWITCH to START." At I :22 mins prior to crash there was an exci ted voice
of FTE " Start.. Start.. Start Engine .." At this stage aircraft lost height from
9223' to7266' ie almost 2000' in 20secs. Subsequently there ..-as a
momentary control of the aircraft ..-hich was indicated by the pilot
/aug/zing. But the aircraft lost heiglzt continued thereafter.

44

The presence of high drag effect on the left side due to disc effect
probably caused an upward force and consequent nose down attitude. As
the right side not ha\ing similar upward force, a case of asymmetric tail
nrticalload could hne caused the recorded excess roll also.

45.

The status of battery current, EOP-L, Ng-L, and LC-L, together indicates
that the relight probably has not been succeeded at first attempt.,

46.

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/ \\Tong handling by
crew, with control inputs and throttle of both the engine. There has been
continuous drop of altitude and speed.

47.

The possible second relight attempt seems to hne taken place at the time
of 26secs prior to crash. And the growth in 1'\g-L, the drop in 1'\p-L, the
growth in EOP-L and the drop in side slip, all together indicates the
probable success in this attempt. llowenr the fast induced variatio n in
power on lh·e engine, and not ha\·ing enough height, to reco\·er, the
aircraft, has. departed from the controls and balance.

48.

There is no planned and proper crew co-ordination between the pilots and as
well ITE. 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 sees prior to crash when aircraft was I nosing speed .
Similarly at critical stage of last moment at about 20 sees prior to crash again
p2 was cautioning the PI " do not cut Jh·e engine" as the aircraft was
loosing height rapidly and viciously.

49.

For each and e\·ery 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
satisfactory.

50.

Crew were not using tile internationally accepted a•·iation language and
terminolOCJ'· 11/ost of tile time using 1/indi and that too broken and
unaccepted level creating lot of misunderstanding of tile flight deck
environmenL

51.

At about 6 mins prior to crash commander was commenting "something
getting drastically wrong-something is not OK". Pilots bad not given
seriousness to higher drag than expected at that situation. AboutJO sees after
this doubting 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
ad\·ised FTE for the placing readiness of parachute for emergency,
without assessing the risk of the situation.

52.

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 hne crossed the predetermined limits and limitations. As soon
as the first relight attempt at appr. 7100' failed and aircraft started
loosing the height \'iciously pilot should have shut down the invoh·ed
engine and aborted the flight to come for single engine inoperative landing
which they ha\·e successfully simulated in the starting of the test flight.
Aircraft was continuously loosing height. But crew went ahead w·ith 2 •d
relight attempt at about 5000' which was successful just 2 sees prior to
crash by the time aircraft almost ncar the ground. Relight procedure was
not done at safe altitude as prefixed at IOOOO'Al\ISL
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53.

Crew newr attained the flight lew I of 100 as cleared by radar. !\laximum
reached by the aircraft was 9528' A!\ISL at Jmin 40 sees prior to crash.
Similarly at time 09:48 UTC( about 15:25 mins prior to crash) \\hen radar
asked for the lewl confirmation crew ga\·e wrong lewl 90 ewn though
they were at len I 70. ATC instruction at 0942 UTC for leHI clearance to
I 00 from 5000' was not adhered. They reached about 9236' and then
descend to 7200' at 0948 UTC.

54.

DFDR recording re\·ealed 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.

55.

ELT was not installed on the load bearing primary structure as per
standard aeronautical practice but installed separately on a suspended
platform attached with fuselage.

56.

An inappropriate selection of ELT, which is not capable of operating on
406 1\lllz compatible with satellite tracking system, is the cause for ISRO
satellite not picking up the ELT signal after the accident.

57.

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 e\·ident that flight crew did not open the doors in
emergency and came out due impact.

58.

There is no inllight structural failure of the aircraft involved in the accident

59.

Taking all the factors into account, selecting 9400 ft A.\ISL altitude for
the relight test profile is inadequate for the flight crew to take suitable
recoHry actions. The selection of 10000~4.11SI.for engine shut doH"n and
relight procedure is not prudent. It requires immediate attention and is to be
re•·ised prior to the next flight.

60.

It is certain that engine was not relighted at first attempt at an appropriate

altitude of 10000' A!\ISL instead done at 7100' Ai\ISL and correct
procedure of completing electrical start cycle and engine start cycle was
not done by the pilots by selecting Start !\lode 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.
61.

As soon as the first relight attempt at appr. 7100' Al\ISL failed and
aircraft started loosing the height \·iciously pilot should haw shut down
the in\'OIHd engine and aborted the flight to make single engine
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inoperath·e landing, which they haw successfully simulated in the starting
of tbc test flight. Aircraft was continuously loosing height. But crew went
ahead with z•d relight attempt just 8 sees prior to crash at about 5000'
AI\ISL which was successful just 2 sees prior to crash. Speed was almost
washed off Just 2 sees Prior to the crash and then started rising. This was
again done outside the relight envelope (speed and altitude). Ev·en though
the second relight attempt was successful aircraft reached almost near the
ground and crashed.
3.2.

PROBABLE CAUSE (S):
Incorrect relight procedure dev·ised by the designer and adopted by the
crew at insufficient height leading to rapid loss of altitude and abnormal
behnior of aircraft resulted into accident.
Contributory factors:
a)
b)
c)
d)

4.0

Lack of crew coordination and cockpit procedures
Handling of the controls
Non-aborting of flight by the crew in coordination with the flight test
Director after failure of first relight attempt.
Devising engine relight procedures by NAL without consulting the
propeller manufacturer.

S A F E T Y R E C 0 1\ll\1 EN D AT I 0 N S :

I.

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.

5.

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 Pilot system or Nose Landing
Gear D-Door mechanism are to be incorporated by NAL so that there 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.

II.

Engine shutdo\\n and relight procedures shall be revised taking into
consideration of all the relevant factors.

l\lumbai
6.12.2009

C. P. l\1. P. Raj u
Inspector of Accident
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GLOSSARY
t :Time

: above mean sea

:sees

AMSL

CAS L

:Speed kcas

AGL

: above ground level

ALI L

:Altitude

ft

FL

: flight level

ft

Kts

:Knots

level

Rad Alt

:Radio Altitude

VG_L

:Nz

HDG L

:Heading

deg

BIAL : Bangaluru International airport

HOG R

:!leading

deg

FTD

: Flight test director

VS

:vertical speed ft/min

NM

: nautical mile

Stick

:control column

St_Ail

:Wheeldcg

In tenn of g

UTC

: Universally coordinated time

Ltd

RudPed

dcg

L
R

:mm

: left

:right
FF

:fuel flow

Elev

:surface

deg

EOP

: engine oil pressure

Ail L

:surface

deg

CAS

: calibrated airspeed

Ail_R

:surface

deg

OEI

: one engine inoperative

Rud_Pos

:surface

deg

s,sccs :seconds

Rud Tm

:rudder trim

deg

AIL TM

:Aileron trim deg

P_Tm

:pitch trim

deg

bank

:bank angle

deg

PR

:Pitch rate

deg!s

and development

YR

:Yaw rate

dcg!s

DGCA: Director General of Civil

RR

:Roll rate

dcg!s

AZ

:azimuth

PA

:pitch attitude dcg

EL

:elevation

PBA

: primary blade angle

ASTE : aircraft and system testing
establishment
C-CADD: centre for civil aircraft design

Aviation

Boom_AOA :Angle of attack
Boom_SS

:Side slip

deg

OPS

dcg

LAT

Boom_Speed: kcas
FQty_L

: operations

: latitude

LONG : Longitude
PFPR : post flight pilot report

:Fuel quantity kg
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FQty_R

:Fuel quantity kg

CVR : cockpit voice recorder

Gen_L

:generator, left volt

Gen R

:generator, right

volt

LH

: Left hand

llydPr

:Hydraulic pressure

bar

RH

: right hand

FF!ow L

:Fuel flow, leftkglhr

A TC

: Air traffic control

FFLOW R

:Fuel flow, Right

kglhr

minis : minutels

NG L

:gas generator, left

%

ELT

:emergency locator transmitter

NG R

:gas generator, right

%

ATR

: action taken report

NP L

:propeller rpm, left

%

KIAS : knots indicated air speed

NP R

:propeller rpm, right %

OEM : original equipment manufacturer

OILTL

:oil temperature, left deg

PIT

: press to talk

OIL T R

:oil temperature, right deg

prop

: propeller

PLA L

D/FDR: digitaVflight data recorder

:power lever angle, left

deg

SOl

: standard

:power lever angle, left

deg

SOP

: standard

operating instruction
PLA R
operating instruction
EngOiiP_L

:Engine oil pressure, left, psi

ft

:feet

EngOiiP_ R

:Engine oil pressure,right, psi

RPM

: revolution per minute

Torq__L

:torque, left

Torq__R

:Torque, right %

%

ITT L

:inter turbine temperature

degC

ITT R

:inter turbine temperature

degC
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2011 Antonov An-148 crash
From Wikipedia, the free encyclopedia
Jump to: navil.!ation, search
20 II An to nov An-148 crash

An Antonov An-148, similar to the accident
aircraft.

IAccidentfptql' •H !)

I

Date

5 March 2011

Type

Structural failure of wing in flight

Site

Garhuzovo, :\lxeevskv Rel.!ion,
nel!.!orod Ohlast, Russia
0
500~lr30"N 3S .t.t'.tO"E I
50..t750cN 3X. 7-t.t.t' [Coordinates:
50°2S'30"N 3S 0 .t.t'.tO"E I
50A7500N 3S.7.t.t.t'E

Crew

6

Fatalities

6

Sun·ivors

0

Aircraft type

Antonov An-148-1 OOE

Operator

Antonov I Voronezh Aircraft Joint
Stock Companv

Tail numher

61708

Flight origin

Pridacha Airport, Voronezh, Russia

Destination

Pridacha Airport, Voronezh, Russia

On 5 March 2011, an Antonov An-148 crashed at (larhu7o\·o. Alxecvskv R<:!.!ion.
ndl.!orod Ohlast. Russia. killing all six crew. The aircraft was operating a test flight prior

·'

-· .

to delivery to the !\1\'anmar Air Fnrce. Witnesses reported that a wing detached from the
aircraft in flight.
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Aircraft
The accident aircraft was Antono\' An-148-1 OOE,w c/n 41-03P1 carrying test
registration 61708. The aircraft was operating its 32nd flight. ill

Accident
The aircraft was operating a test flight from Pridacha Airport, Voronoh, Russia,ill when
it crashed at Garhu70\0, Akxcevskv Re!!ion, Bel!!omd Ohlast,l'J some 560 kilometres
(350 mi) south of!\loscow,l'l and 160 kilometres (100 mi) east ofBel!!nrnd.w The
accident occurred at II :05 local time (08:05 lJTC) and the aircraft was destroyed in the
subsequent fire. Witnesses stated that a wing had separated in flight. Russia's !\linistrv nf
Emcr!!encv Situations (Russian: MnHIICTepcTBO no '1pe3BLI'IaHIILI~t CIIT)"ai!IIll~t)
confirmed that there was \\Teckage in two separate locations, 3 kilometres (I. 9 mi) apart.
Further \\Teckage was found between the two sites. This included material identified as
coming from the cabin of the aircraft. A photograph of the \\TCckage away from the main
crash site apparently shows a horizontal stabiliser.w The Antonov An-148 had only just
been granted extended certification. The accident has been compared to the December
2002 crash of an Antonov An-I-tO in lran.l'"J The six people killed were four Russian and
two Burmese citizens.FJ

Investigation
Ministry of Industry and Trade of the Russian Federation (Ministry of Industry of Russia)
(Russian: MmmcrepcTBo npo~thiW-leHIIOCTII 11 Toproa111 PoccnikKoil <l>e;~epau1111
(Mmmpmnopr Poccnn)) have opened an investigation into the accident. l'l A criminal
investigation was launched by Russia's lnvesticativc C"nmmittce (Russian:
C.lC.lCTHeHIILiil KO~IIITeT PoccuilcKoil <l>c,1epmum) to decide whether violation of flight
regulations occurred, leading to charges of negligent homicide.l'1 The first meeting took
place on 6 l\Iarch.l''1 The flight recorders were recovered from the \\Teckage.L'"1 The

\\Teckage of the aircraft is to be transported to VACO (Russian: BACO) in Voronezh for
examination. Information from the recorders should be available to the investigation by
12 March.LW
Preliminary examination of data from the Flight Data Recorder shows that the airspeed
indicator failed, showing too low an airspeed. In response to this, the eilots increased the
speed of the aircraft past V~l and the aircraft then broke up in flight.LGI 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.Wl
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Antonov An-148 Crashes In Russia.
Air Transport Intelligence (3/5, Kaminski-Merrow) reported that despite "sketchy" information. an Antonov I
crashed in Russia, "the first involving the newly-developed regional twin jet, deliveries of which only started
for lhe plane. Another Air Transport Intelligence (3/5, Kaminski-Merrow) 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 "prepanng thelf solarfl<ghts will be made from Switzerland to Belgium and France. A

fmonth." The

first cross-border flights depends on the team receivin

Adam Rawnsley at the Wired (4

ued a call for help making a miniature drone that

the request "random" but noted it is hkely has "

owing them to be tracked from a distance." Rawnsley
o with painting a target on the backs of tomorrow's terrorists."

commented that this request "may be a signal that the smart-dust technology is at least feasible enough to plan a vehiclE
ar

Prototype Hindustan Aeronautics Trainer Crashes.
Flight lnternat<onal (4/28. Rao) reported, "A prototype of the H<ndustan Aeronautics HJT-36 Sllara intermediate jet tra~ner has crashed
during a routme test flight over a sparsely populated area in the south lnd<an state ofT amilnadu." Reports say the pilots eJected
successfully. The art1cle noted "the development schedule of the HJT-36 has already been delayed because of the need to replace the
design's ong1nal Snecma Larzac 04H20 eng<ne w<lh an NPO Saturn 551 powerplant."

ejects Napping During Shi .
(4/28. Shannon) reports. "FAA Adm<ni

alar Randy Babbitt is d<sm<ssing calls to allow controllers to sleep during sh<fts I<

1s currently rev<ewing 12 recommenda
Nal<onal

ir Traffic Controllers Associat<on that· elude breaks of up to 2.5 hours, reduc
disorders." But Babbitt, appearing at

Wa

ns to offset fatigue proposed by the

work hours on certain rotations and Increase<

e US Chamber of Commerce Aviat1on Summit in

ington, DC sa1d, "We are not going

s <ItS, instead proposing recuperative

Moon Express Testi
The UK's The Reg<ster (4/29,

eaks."

Radar On Zeppelin

age) reports Moon Express "has nnounced that it is flight testing new NASA-funded robot moon lander

technology aboard a rente airship with the a<d of an <Phone pp intended to exploit social networking.• The "Mini-Radar" system will be
flown on the Zeppel<n E eka based out of the Ames Re
trustees of 'Smgulan
ago .... The tno ar
Arch<lect of B<

Umvers<ty', the brainstorm<ng t
ob Richards of the lnternallo

Local Search."

/

'
SPACE AND ASTRONAUTICS

arch Center. Accord<ng to the article, Moon Express "is headed up by three
-v<sionary jabbershop and seminar-fest set up at NASA Ames a couple of yean

Space University, philanthropist entrepreneur Naveen Jain, and Barney Pel!- Chi<
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By Jay Menonjaymenon68@gmail.com
NEW DELHI
A Hindustan Aeronautics Ltd. (HAL) trainer jet crashed Thursday in
, southern India during a routine sortie barely a week after an advanced I
helicopter, also developed by the state-owned company, went dO\m ne;
he Indo-China border.
'The intermediate jet trainer [IJT], prototypeaircraft S-3466, was carry
out routine flight testing when it met with a mishap in the afternoon. Bt
of 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 IJT is the Stage 2 trainer for tht
Indian air force and is fitted with the Russian AL-55 I engine.
The air force trains pilots in three stages using different aircraft. In the first stage, primary training is on a simt
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 ru
personnel. The aircraft was flying at 15,000 fl. Bad weather was given as the reason for the crash.
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