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Dutch Transport Safety Board
¢/o Raad v.d. Transportveiligheid
2509 CK The Hague

The Netherlands

After Greetings,

SUBJECT: KISH AIRLINES ACCIDENT — UNITED ARAB EMIRATES

Please find enclosed three copies of the Final Report of the investigation into the accident
involving Kish Air Fokker F27 Mk50, EP-LCA, ncar Sharjah Intemational Airport on 10

February, 2004. You are kindly requested to pass on a copy to the Civil Aviation Authority of
the Netherlands and to Stork (Fokker Services B.V.)

It 3

The Dutch Transport Safety Board is recommended to note the circumstances of this
accident.

The Civil Aviation Authority of The Netherlands is reccommended to ascertain the
modification status of the Skid Control Unit of all Fokker F27 Mk.050 aircraft and to strongly
urge non-compliant operators to modify the Skid Contro! Units. As the Kish Air accident was
the second fatal accident within 15 months, whereby the unmodified Skid Control Unit was a
contributory factor, this recommendation is presented as a means of achieving the sole
objective of prevention of accidents and incidents.

The assistance given to the GCAA by your organisation during the investigation is most
appreciated.

Please accept the assurances of my highest consideration,

MOHAMED GH
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AIRCRAFT ACCIDENT 01/04

FINAL REPORT
ON THE ACCIDENT INVOLVING
KISH AIRLINES FOKKER F27 MK.050,
IRANIAN REGISTERED AS EP-LCA ON
APPROACH TO
SHARJAH INTERNATIONAL AIRPORT
UNITED ARAB EMIRATES
ON 10 FEBRUARY, 2004
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OBJECTIVE

In accordance with Annex 13 to the Convention on
International Civil Aviation, it is not the purpose
of aircraft accident investigation (o apportion
blame or liability. The sole objective of the
investigation and the [Final Report is the
prevention of accidents and incidents.

Final Report dated 21 April, 2003 2
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INTRODUCTION
SYNOPSIS

The aircraft involved was a Fokker F27 Mk.050, owned by the Kish Airlines, based at
Ekbatan in the Islamic Republic of Iran. The Islamic Republic of Iran was the State of
Registry and the State of the Operator. The Netherlands was the State of Design and the State
of Manufacture. On this particular flight, IRK 7170, EP-LCA, was operating a scheduled
passenger flight from Kish Island to Sharjah, UAE, and was approaching to land on runway
12 at Sharjah International Airport in good daylight visibility. The aircraft was observed to
pitch down and suddenly turn to the left. The aircraft continued to descend and turn at high
pitch and roll angles and impacted a sandy area within a residential area 2.6 nm from the
runway threshold. Immediately a large explosion was seen. The aircraft was destroyed and
there were 43 fatalities.

The cause of the accident was atiributed to the movement of the propellers from the Flight
Control Range to the Ground Control Range.

Four safety recommendations have been made. Unless otherwise indicated, recommmendations
in this report are addressed to the regulatory authorities of the State having responsibility for
the matters with which the recommendation is concerned. It is for those Authorities to decide
what action is taken,

ACCIDENT DETAILS

The accident details are as follows;

Registered Owner : Kish Airlines
Registered Operator : Kish Airlines
Alrcraft type & model : Fokker F27 Mk.050
Nationality : [slamic Republic of {ran
Registration : EP-LCA
Place of Accident : 2.6 nm final to Sharjah International Airport,
United Arab Emirates Runway 12
Latitude 2522135 N
Longitude : 055°28.63’ E
Date & Time : 10 February 2004 1138 hours local UAE time
10 February, 2004 0738 hours UTC
Note: Except where discussing DFDR, CVR and ATC times, all times in this
report are local UAFE time, which is Coordinated Universal Time
(UTC) plus 4 hours.

Final Report dated 21 April, 2005 3
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Persons on board : 2 Flight crew
2 Cabin crew
2 Security personnel
: 40 Passengers
Fatalities : 43
Injuries : 3 Serious

ORGANIZATION OF THE INVESTIGATION

The GCAA was notified within minutes of the accident and an Aircraft Accident
Investigation Committee was established under a Ministerial Decree identifying the GCAA as
the authority responsible for the conduct of the investigation. Notification to ICAQO and
applicable States was completed on the day of the accident. Officials from the following State
of Operator/Registry, State of Design and individual States of Manufacturer of the aircraft,
engine and propellers were granted Accredited Represcntation in accordance with ICAO
Anmnex 13 and corresponding UAE Civil Aviation Regulations. Officials representing the
Type Certificate holder of the aircraft manufacturer of engines and propellers also assisted in
the investigation and were granted observer status,

State of Operator/Registry - Iranian Civil Aviation Organization (CAQ)
State of Design/Manufacture (aircraft) Dutch Transport Safety Board &

Civil Aviation Authority
State of Manufacture (engine) - Canadian Transportation Safety Board
State of Manufacture (propeller) UK Air Accidents Investigation Branch
State of Manufacture (skid control unit) US National Transportation Safety Board

GCAA Investigators, assisted by experts from the Dutch Type Certificate holder [Fokker
Services B.V. and by technical and operational experts from the CAO, Kish Airlines and the
engine manufacturer, Pratt & Whitney Canada, examined the site of the accident to secure
material evidence. The wreckage was later removed to a secure site within Sharjah
International Airport. The French Bureau Enquétes-Accidents was requested to provide
assistance with the flight recorder read-outs and analysis and this was conducted within a
week of the accident. Representatives from the propeller manufacturer Dowty joined the
investigators and work continued on the first findings of the recorders and on the aircraft
components. The technical investigation was closely coordinated and controlled by the
GCAA during the initial onsite investigation and the collection of technical information,
DFDR/CVR readouts, as well as the examination of the components removed from the
wreckage.

The first factual findings of the investigation were published in an ADREP Preliminary
Report issued on 01 March, 2004,

FINAL REPORT

This Final Report was released on 21 April, 2005 by the GCAA under the authority of the
GCAA Director General.
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ABBREVIATIONS USED IN THIS REPORT

agl Above Ground Level
amsl Above Mean Sea Level
ALT Altitude

AOM Aircraft Operating Manual (Kish Airlines)
ATC Air Traffie Control
BEA Bureau Enquétes Accidents

CAA-NL Civil Aviation Authority — The Nethertands

CAO Civil Aviation Organization (Islamic Republic of Iran)
cm centimetre(s)

CRM Crew Resource Management

CVR Cockpit Voice Recorder

DFDR Digital Flight Data Recorder

DME Distance Measuring Equipment
EEC Electronic Engine Controller
EMI Electromagnetic Interference
I'F Fuel Flow

fi Feet

GCAA General Civil Aviation Authority (UAE)

h hour(s)

HDG Heading (Magnetic)

nPa Hectopascals

IAS Indicated Air Speed

ICAO International Civil Aviation Organization
kg Kilogram(s)
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km
kt

Ibs
LH
m

M
MDA
MHz
min
MLG
Imin
mph
Nh (NH)
nm
NP
PCU
PEC
PF
PLA
PLP
PNF

QNH

QRH

Kilometre(s)
Knots
pounds

Left Hand
Metre(s)

Magnetic (heading)

Q1= T d &g n el il f“__l-:_\?’
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Minimum Descent Altitude (for non precision approach)

Megahertz

Minute(s)

Main Landing Gear
Millimetre(s)

Miles per hour

High pressure rotor speed
Nautical Mile(s)
Propeller Speed

Propeller Control Unit
Propeller Electronic Control
Pilot flying

Power lever angle
Propeller Low Pitch

Pilot not flying

Setting on altimeter sub scale to indicate altitude above mean sea

level

Quick Reference Handbook (Kish Airlines)

Right Hand



TR e L R A H S S | L |

SCU Skid Control Unit

sec Second(s)

SHI Sharjah Aeronautical Designator
SOpP Standard Operating Procedure(s) (operator)
TAT Total Air Temperature

e Torque

UAE United Arab Emirates

UTcC Coordinated Universal Time

VMC Visual Meteorological Conditions
VOR VHF Omni-directional Radio Range
VREF Threshold Speed

Final Report dated 21 April, 2005 9
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FACTUAL INFORMATION
History of the flight

The aircraft was operating as a scheduled flight from Kish Island, Iran to Sharjah,
UAE with the Captain initially as the pilot flying (PF). The crew reported nothing
unusual to ATC for the take-oft at Kish Island and the aircraft operated to Sharjah
on the 35 min flight without event. The accident occurred on approach to Sharjah
runway 12. The aircraft was operated in a dedicated passenger configuration as
flight IRK 7170 and the radio call-sign was “Kish Air 7170”.

At 1124 hours local time, the aircraft contacted Dubai Arrivals and was cleared
from 9000 ft to 5000 ft and instructed to expect a VOR/DME approach to runway
12 at Sharjah International Airport. At 1129 hours the aircraft was further cleared
to 2500 ft and cleared for the approach. The aircraft was under its own navigation
and the daylight conditions were fine with excellent visibility, At 1135 hours the
aircraft was instructed to contact Sharjah Tower and the pilot reported that the
aircraft was cstablished on the VOR final approach for runway 12. The Tower
cleared IRK 7170 to land and advised that the wind was calm. This was
acknowledged and there were no further radio transmissions from IRK 7170,

Another aircraft was positioned at the holding point of Sharjah runway 12 and the
pilot was observing the progress of the Fokker F27 Mk.050 as he had been given
a clearance to line up after this aircraft. The pilot stated that he saw the aircraft on
what appeared to be a normal approach when it suddenly pitched down. It then
commenced a steep left-hand spiral dive, which continued until impact with
terrain. As far as he could recall, the aircraft impacted the ground approximately
10-15 seconds after the initial nose down movement in what he estimated to be a
60° nose down attitude. Impact was followed by a large volume of flame and
smoke. Prior to impact, he stated that the aircraft appeared to be totally intact
without any signs of fire. This was collaborated by the First Officer, who also
witnessed the accident.

The crash alarm was activated immediately and rescue and fire trucks dispatched
to the scene. The runway was closed and all inbound tratfic diverted to regional
aerodromes.

The aircraft impacted in a vacant sandy area within a residential area. The aircraft
missed houses by about 60 m and crossed a bitumen road before coming to rest
50 m from the initial impact point. Local residents were able to assist with the
rescue of those surviving passengers.

Place of Accident: 2.6 nm final to Sharjah Intemational Airport,
United Arab Emirates Runway 12
Latitude 25°21.35° N
Longitude 055°28.63" E
Elevation 110 ft amsl

Final Report dated 21 Aprif, 2005 10



UAE Coneral Sl Aviatizr Autaceity

Date & Time

1.2 Injuries to persons
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10 February 2004 - 1138 hours local UAE time
10 February, 2004 - 0738 hours UTC

There were a total of 43 fatalities and 3 survivors. Initially there were four
survivors although one later died in hospital. Due to the severity of the injuries
and subsequent fire, only a third of the fatalities were able to be recognized
without the need of DNA sampling. The crew consisted of a Captain, First
Officer, Purser, Cabin Crew member and two security personnel

Injuries Nationality Crew Passengers Total in Others
- Aircraft

Fatal Iranian 6 11 17 0
[ndian 0 i3 13 0
Egyptian 0 3 3 0
Algerian 0 2 2 0
Filipino 0. 1 1 0
Bangladeshi 0 | ! 0
Cameroonian 0 1 ] 0
Emirati (UAE) 0 1 ] 0
Nepalese 0 | 1 0
Nigerian 0 I 1 0
Sudanese 0 l l 0
Syrian 0 i 1 0
Total 6 37 43 0 |

Serious Iranian 0 l 1 0
Egyptian 0 [ I 0
Filipino 0 ] | 0
Total 0 3 3 0

Minor 0 0 0 0|

None 0 0 0 0

Total 6 40 46 0

1.3 Damage to aireraft

Most of the aircraft was completely destroyed on impact and the ensuing fire and

only the tail section was relatively intact.

1.4 Other damage

Apart from a deep scrape in a bitumen road next to theé wreckage there was no
third party damage, nor any environmental damage.
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1.5 Personnel information
1.5.1 General.

The required flight crew complement for the 'okker F27 Mk.050 was a Captain
and First Officer. It was established that the Captain was occupying the left seat
and was at the controls at the start of the events leading up to the accident. All
crew members held the required licences, experience and training specific to their

appointment.
[.5.2 Captain : [ranian National

Male 48 years

Licence : Valid ATP Licence
Fokker 27 Mk.050 command type rating

Medical Centificate : Class ! valid until 21 February, 2004

Flying experience : Total all types - 6440 hours
Other Types flown - Fokker F27-500

- Fokker F28
- Military aircraft

Total on I'okker 27 Mk.050 - 1516 hours
Last 90 days on F27 Mk.050 - 207.27 hours
Last 7 days on ¥27 Mk.050 - 28.40 hours
Last 24 hours on F27 Mk.0S0 - 5.13 hours

Duty Times : Last 7 days - 47.54 hours
Last 48 hours - 13.48 hours

Training : Fokker F27 Mk.050 initial - 07 April 02
Last Line Check - 04 August 02
Last Pilot Proficiency Check - 04 Qctober 03

1.5.3 First Officer : Iranian National

Male aged 50 years

Licence : Valid ATP Licence
Fokker F27 Mk.050 co-pilot type rating

Medical Certificate : Valid until 26 March, 2004

Flying experience : Total all types - 3978 hours

Other Types flown - Fokker F27-500

- Military aircraft
Total on Fokker F27 Mk.050 - 517 hours
Last 90 days on F27 Mk.050 - 132.29 hours
[Last 7 days on F27 Mk.0O50 - [8.00 hours
Last 24 hours on F27 Mk.050 - 3.36 hours

Final Report dated 21 Aprif, 2005 12
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Duty Times : Last 7 days - 30.00 hours
Last 48 hours - [4.30 hours

Training : Fokker 27 Mk.050 initial - 19 March 03
Last Line Check - 10 April 03

03 October 03

Last Pilot Proficiency Check
Cabin Crew.

Documents were presented that indicated that the cabin crew member had
conducted a formal cabin crew training course.

Aircraft information

General Information

Certification of Registration : Registered in Iran as EP-LCA
Certificate of Airworthiness Issued 03 March, 2003 and valid
Registered Owner : Kish Airlines

Registered Operator : Kish Aitlines

Aircraft Manufacturer : Fokker Aircraft BV (Netherlands)
Type X Fokker F27 Mk,050

Serial No. : 20273 manufactured in 1993
Total airframe hours : 20466 hours

Total cycles : 19845 cycles

Maintenance Details.

Maintenance performed in accordance with the manufacturer’s Maintenance
Schedule for Fokker F27 Mk.050.

Date of last inspection : “A” Check conducted 24 December, 2003
Next maintenance review 20600 hours or 31 April, 2004

Technical Considerations.

The aircraft maintenance documents indicated that the aircraft had no deferred
defects since the last daily inspection on 10 February, 2004. The Aircraft
Technical Flight Log indicated that the aircraft was serviceable at the initial
departure aerodrome of Kish Island. There was full compliance with
Airworthiness Directives and Service Bulletins.

Engine Details ‘
Left Right

Manufacturer Pratt & Whitney Pratt & Whitney
Type PW-125B PW-125B

Serial No. 124197 125068
Operating hours 11,196 24790

Cycles 8383 21437
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There were no recorded defects for the flight or unscheduled maintenance since
installation on 22 January, 2004.

Propeller details

Lefi Right
Manufacturer Dowty Propellers Dowty Propellers
Date of manufacturc 13 January, 1988 12 August, 1992
Type R352/6-123-F/1 R352/6-123-F/2
Serial No. DRG/9401/87 DAP/0044
Operating hours 25868 hours 17161 hours
Time Since Last Overhaul 5730 hours 2380 hours

There were no recorded defects or unscheduled maintenance since overhaul and
the aircraft technical logbooks indicated that there had been no scheduled or
unscheduled maintenance conducted on the aircraft propeller components since
the cornmencement of operations with Kish Airlines in March, 2002.

Skid Control Unit

The operation of an unmodified Skid Control Unit was determined to have a
bearing on this accident. There was a known undesirable condition during the
landing gear lowering sequence, whereby the sccondary stop protection solenoid
was energized through the Skid Control Unit and the subsequent loss of
protection could allow the power lever movement into a ground control range in
flight if the power levers were moved through the mechanical stop. This
component is fully described at paragraph 1.16. There were no entries in any of
the aircraft log books regarding the servicing or replacement of this component.

Operational details

A review of operational documentation indicated that the crew had all
information for flight planning available prior to departure and there were no
abnormalities found. The Kish Airline’s Weight and Balance Manifest was a
combined load sheet and weight and balance sheet and reflected the actual load of
the aircraft. The details for this flight from Kish Island to Sharjah were;

Dry Operating Weight - 13515 kg

Traffic Load - 2980 kg

Zero Fuel Weight - 16495 kg

Fuel - 2000 kg (Jet Al)
Take-off Weight - 18495 kg (Max 20820 kg)
Calculated % TO MAC - 349

Estimated trip fuel - 500 kg

Estimated Landing Weight - 17995 kg (Max 19730 kg)
Estimated % LDG MAC - 34.7

Average Passenger Weights - 71.5

Cabin baggage - 120

Cargo - 0

Final Report dated 21 April, 2005 14
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Meteorological information
Genceral.

There was a general forecast of a weakening high pressure gradient covering the
area with no low level instability expected. The actual weather at the time of the
accident was fine with bright sunlight, slightly hazy with light and variable winds.
[nvestigators at the scene reported clear skies and light variable winds with
conditions as stated in the meteorological reports. Photographs taken from 2 km
away and shortly after the accident occurred show the smoke rising almost
vertically without wind efTect.

Weather Conditions.

Sharjah Weather Report (Forecast). The forecast issued for the period 0000
to 2400 hours on 10 February, 2004 was 140/04 kt; CAVOK; BECMG 320/13 kt.

Sharjah Weather Report (Actual). The weather conditions recorded at 0730
UTC (8 minutes before the accident) and at 0746 hours UTC (8 minutes after the
accident), were the same as recorded on the Airfield Terminal Intformation
Service (ATIS). There were no reports of turbulence prior to the accident and
helicopter crews operating into the accident site reporting smooth flying
conditions.

0730 hours UTC 0746 hours UTC
Wind : Variable 3 kt : 360/05 kt
{(variable 300-100°)
Visibility : > 10000 m : >10000 m
Cloud : nil : nil
Temperature : 23° C; Dewpoint 09° C: 24° C; Dewpoint 07° C
QNH : 1022 hPa : 1022 hPa
Warnings : Nil : Nil

Aids to navigation
Navigation Aids.

The navigation aids at Sharjah are VOR/DME for runway 12 as well as an ILS for
runway 30. They conform to, and are in compliance with, Annex 10, Volume 1,
Radio Navigation Aids. The runway 12 VOR/DME was operating on 112.30
MHz and there was no kmown unserviceability or abnormality prior to the
accident. A functional check was conducted shortly after the accident, which
confirmed normal operation.

Approach Chart

From the CVR, the Captain was heard to instruct the First officer to set 410 ft for
the MDA, (published as 500 ft) and a final approach track of 118°M (published
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as 117° M). No approach charts were found in the wreckage. All Sharjah
approach charts were reviewed and apart from a reference of 410 (ft/min) in the
Descent Gradient column, there were no references to these incorrect figures in
the Jeppesen chart or the UAE AIP for VOR/DME runway 12. (Refer to
Appendix I).

Radar Plot.

The radar returns from Kish Air 7170 plot were recorded from the radar head at
Dubai every 5 seconds from 10 nm. As a normal procedure to verify the aircraft’s
altitude corresponds to that observed on radar, an altitude check was requested by
Dubai Approach when IRK 7170 was indicated as cruising at 9000 fi, just prior to
descent. This altitude was confirmed by the aircraft. The radar plot, together with
superimposed same time ATC communications, was available to the Investigation
Team. The returns from the aircraft indicated that the aircraft intercepted the
VOR/DME approach for runway 12 near position SAMAK (13 DME on the final
approach track) at 2500 ft and when cleared for the approach at 8 nm DME
descended to 900 ft at approximately 1500 ft/min remaining above the approach
chart profile at a ground speed of 200 % 2kt. Approaching 1000 ft and after 4
DME the rate of descent reduced, the ground speed reduced sharply by 30 kt in 20
seconds and shortly after the returns became erratic with a “NMC” (No Mode
Charlic on the altitude encoding) followed by an indication of 100 ft altitude. The
indications from the last three plot returns were:

Time (UTC) Lat/Long Bearing/distance | Meode | Groundspeed Radar
from SHJ VOR C (kt) track
(alt) (° M)
07 h38 min | N 25921° 2497 298/3.23 nm 900 fit 187 118
155 S (055°28 09.57
07h38min | N25°21"11.77 295/3.06 nn NMC 177 No record
20s S 055°28 13.37
07 h38 min | N 25°21°19.2" 300/2.87 nm 100 ft 168 No record
25s S 055°28 32.6”
1.9 Communications

All transmissions to the aircrafi, as well as inter-agency telephone conversations,
made by UAE ATC were clear, in the English language, and recorded. Transcripts
were made of all communications involving IRK 7170 and the initial emergency
response. There were no transmissions made by IRK 7170 indicating a problem
and all conversation was given in a clear and unhurried manner. It was
determined that the First officer made the communications to ATC from IRK
7170, except for all transmissions to Sharjah Tower. During all transmissions, no
aircraft waming noises were heard. There was no transmission made on the
recorded distress frequency of 121.5 MHz.

Final Renort dated 21 April 2005 16
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For arrivals into Sharjah, the Emirates Area Control Centre control and vector the
aircraft until the aircraft approaches the Dubai airspace and the responsibility for
arrival is transferred to Dubai Approach Control. For VOR/DME operations at
Sharjah, Dubai Approach Control vector the aircraft towards the inbound VOR
radial in accordance with Local Air Traffic Scrvices Instructions and then transfer
control to Sharjah Tower,

The UTC timing on the tapes was determined to be correct UTC time. (Refer to
Appendix 2 for transcript). As all instructions issued by ATC were corrcctly
acknowledged, radio communications between ATC and IRK 7170 were not
considered a factor in this accident.

Aerodrome information
Acrodrome

Sharjah International Airport is a UAE international airport with full facilities.
Runway 12 is aligned at 121° M and dimensions are 4060 m x 45 m with a
Landing Distance Available of 3850 m. The approach to runway 12 is over a
sparsely populated residential area with sandy vacate areas approximately 100 ft
amsl.

Air Traffic Control

At the time of thc accident the control tower was manned by correctly licensed
and validated personnel.

Fire Services

Sharjah Atrport Fire Services are categorised as Rescue and Fire Fighting (RFF)
Category 9. The RFF facility was determined to be operating to RFt Category 9
at the time of the accident.

Flight recorders
Recovery

The Cockpit Voice Recorder, a Fairchild Model A100A, S/N 62252, and the
Digital Flight Data Recorder (DFDR), a Fairchild Model F800, S/N 05023 were
retrieved from the relatively undamaged tail section of the aircraft in very good
condition. They remained under GCAA control and were presented to the Bureau
Enquetes Accidents (BEA) in Le Bourget, France on 16 February, 2004 for
extraction of the DFDR data and CVR transcription. The opening of the recorders
and downloading of the data were witnessed by members of the GCAA
Investigation Team. Both the DFDR and CVR timings were adjusted to UTC
time.
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Cockpit Voice Recorder

General. A satisfactory replay was obtained, which covered the conversations
between crewmembers in Farsi and English, communications with Tehran, Dubai
and Sharjah ATC in English and general cockpit sounds. The 32 minute duration
recording was a good quality recording on 4 separate tracks (arca microphone;
Captain radio; First Officer radio and timing track). The replay commenced as the
aircraft was climbing to 9000 ft after departure from Kish Island and ended within
seconds of impact. Throughout the recording the crew is heard to conduct the
approach briefing and pre-descent checklist in accordance with SOPs. The
calculated threshold speed (Vrer) was stated as 100 kt, the company final
approach speed (VRer +i0) was stated as 110 kt and the final figure for the
company approach speed corrected for headwind was stated as 115 kt. At no time
does the crew make any reference to an unserviceability or abnormality. A full
transcript was made commencing from the time the aircraft intercepted the final
approach track until after the recording stopped at impact. (Refer to Appendix 3
for full transcript).

Approach Anomalics

The Captain instructs the First officer to set 410 fi for the MDA, and not 500 feet
as published on the Jeppesen chart and UAE AIP for VOR/DME runway 12. The
Captain also instructed the First ofticer to set a final approach track of 118° M,
and not the published track of 117° M.

Human Factors

From the CVR, the Captain is heard to hand over control of the aircraft to the
First Officer during the descen( to 2500 ft and to tell the First Officer that this will
be the First Officer’s flight. The First Officer is not expecting this and he does not
accept this willingly as he is not confident of his ability to conduct the VOR/DME
approach into Sharjah. The First Officer is heard to say that he doesn’t have the
same experience as the Captain to conduct this approach and the Captain insists.
The Captain, in an attempt to boost the First Officer’s confidence, is heard to
encourage him and continued to assist him during the conduct of the approach.
This generates some discussion and the First Officer continues to fly with the
Captain giving advice on inbound track capture and approach profile. There is an
inconsistency with this exchange as the First Officer had over 4000 flight hours,
of which 600 hours were on the F27 Mk.050 aircraft and he had another 2400
hours as pilot in command on large turbo-prop aircraft (C-130). It was difficuit
for the Investigation Committee to understand why this pilot believed he didn’t
have the necessary cxperience to conduct a simple straight-in non precision
approach in day VMC conditions. However, from the DFDR and radar plot, the
First Officer positioned the aircraft above the normal approach profile, at a high
airspeed and not configured for landing. At the time the Captain takes over
control, the aircraft is at Jeast 50 kt over the normal final approach speed, above a
normal approach profile of 3° glide slope, and less than 3 nm from the threshold.
This may be indicative that the First Officer did not know the SOP approach
speed and configuration.
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The CVR indicated that the Captain took over control of the aircraft and intended
to hand over control again to the First Officer once the aircraft was on the correct
protile for landing. The flap lever and landing gear selector are heard on the CVR
to be moved when above their respective Aircraft Flight Manual limiting speeds.
When compared with the DFDR data, the landing gear was determined to be
selected down at approximately 185 kt (limiting speed of 170 kt). This was
calculated to be 14 sec before there was an audible increase in propeller noise.

Final Approach and Landing.

The First Officer discusses the limiting altitudes and DME distances to be
observed. On reaching the 4 nm point from the DME the First Officer is heard to
disconnect the autopilot and shortly atterwards call for “Flap 10" then “landing
gear down”. The Captain then states that he has control, A few seconds later the
propeller(s) RPM noise is heard increasing,

Spectrum Analysis

A spectrum analysis was conducted on the CVR area mike from 07 hr 38 min 10-
12 s to determine if any sound on the CVR could be identified as the power levers
moving into the ground control range. The spectrum analysis was based on the
work carried out by the BEA during the investigation into the accident involving
Luxair as well as further trials nsing the same aireraft type.(refer to Appendix 4).
The target sounds heard were compared with a reference noise, and when
analysed, presented several similarities in their shape, cadence and frequencies.
The conclusion was the identification on the target noise as the movement of the
ground range selector and then movement of the power levers. A further sound
was heard similar to the movement of the power levers to a forward position

Combined CVR Comments and Spectrum Analysis

The following relevant comments and sounds are heard shortly after the autopiltot
is disconnected approaching 900 ft amsl (approximately 800 ft agl), 4 DME, at
185 kt in a clean configuration. The results of the additional spectrum analysis are
included in italics

UTC Time Comment
07 h 37 min 54 sec - Flap 10 command from First Officer (PF)
57 sec - click similar to flap lever hitting detent
58 sec - Landing gear down command from First Officer

- Click similar to landing gear lever hitting stop
- Wind noise similar to landing gear and door

movement
38 min 01 sec - Click similar to flap lever hitting detent
03 sec - “With Me” as Captain takes over (PF)
05 sec - “I will make it” response from First Officer
06 sec - Triple chime commences (flap to 25° without

landing gear)



07 sec - *[ will give it back to you” from Captain

08 sec - “Okay” from First Officer

10 sec - Triple chinre stops (when landing gear down)

[1.3sec - sound consistent with lifting of ground range
selectors

12 sec - Increase in propeller noise

12 sec - “Why! (or woe betide us)” from Captain

12.6 sec - sound consistent with release of ground range
selectors

14.1 sec - sound consistent with movement of power levers
(forward)

15 scc - “Push it forward” (possibly power levers)

16 sec - *Can’t raise it” (possibly nose attitude)

1.11.3 Digital Flight Data Recorder

1.TIL.3.1  General. A satisfactory extraction of the data was obtained but it was
determined that there were no parameters for the landing gear, flying controls
(aiferon, elevator, rudder), power levers and lateral acceleration,

[.11.3.2  Approach & Event. The DFDR indicated that the aircraft had intercepted the
final approach track for the VOR/DML runway [2 and descended from 2500 ft to
900 ft at an average airspced of 195 kt, an average rate of descent of
approximately 1000 ft/min and in a clean configuration, For the purposes of this
report, event is defined as the movement of propellers into the ground control

range,
UTC Time Comment
07 h 37 min 48 sec - Autopitot disconnected
51 sec - Torque reduction (LH 5%; RH 0%)
57 sec - Flap angle moves from 02 at 186 kt at 960 ft amsl
38 min 06 sec - Then from Flap 10° at 183 kt at 950 ft amsl
10 sec - Reaches Flap 25° at 162 kt at 1000 ft amsl
38 min 11 sec - Commencement of event
[1-13sec - Low pitch lights on indicating both propellers

move below a nominal 10° blade angle

- Both propeller RPM increase,

- commencement of gradual pitch down to 27°

- commencement of gradual bank to left of 35°
Both engines reduce slightly below 74.01% NH
(which is the flight idle setting)
Reduction in fuel flow

15 sec - Sudden increase in

. ILH fuel flow

o LH Engine torque

e LH Inter-turbine temperature (ITT)
21 sec - reduction in pitch and roll angles
26 sec - Roll angle 12° to lett
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- Pitch 17° nose down

- commencement of increase in pitch and roll angles
29.5sec - Recording stops

- Heading 062° M

- Speed 113 kt

- Roll angle 47°

- Pitch 17° nose down

Low Pitch (LO PITCH) indications

The DFDR parameter for the low propeller pitch lights indicate that the left
propeller entered the ground control range about 1 sec prior to the right propeller,
yet the propeller RPM parameters indicated that both propellers moved
simultaneously into the ground control range. This discrepancy of the low pitch
lights could be explained by the parameter sampling rate, which is 1 per sec. It is
conceivable that the time difference was only a fraction of a second but the low
pitch light of the right propeller was recorded in the next sample, (Refer also to
paragraph 1.16.2.7)

Engine/propeller relationship. The  engine, aircraft and  propeller
manufacturers were in agreement that propeller behaviour in a ground control
range during flight was unpredictable. However, from analysis of the DFDR data,
there was a general consensus as to the propeller behaviour. The analysis
estimations arc summarized in the following table and reference should be made
to paragraph 1.16 for further explanation and description.

Initial Power Lever Position. There is no DFDR paramecter to indicate the
position of the power levers. At time 07 h 37 min 51 sec, there is a power
reduction, which equates to the power levers being at the flight idle detent even
though there is a slight residual torque on the left engine. At the time of the event
at 07 h 38 min [ sec the DFDR indicated a reduction in fuel flow for both
engines. At 07 h 38 min 12 sec the DFDR indicated a reduction in both engine
high pressure rotor speed (Nh) below that calculated for flight idle. The command
for a reduction in fuel flow can only be made by a power lever thus confirming
both power levers were moved to a position below flight idie.

DFDR Summary. The following table indicates the DFDR engine and
propeller data with the propeller pitch change event commencing at 07 h 38 min
1 sec.
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TIME | TAT .| IAS | ALT | HDG | TQLH |- TQRH | NPLH | NPRH | PLPLH | PLPRH | NHLH | NHRH | FFLH | FFRA |
hh:mm:ss| deg:C:| kts - |- ft deg | "% - % % % disc disc % % Ibs/hr Ibs/hr
7:38:01 | 238 | 183 | 951 | 116 3,6 0.0 85,3 85,2 0 0 76,1 77.0 275 245
7:38:02 | 238 | 179 | 954 | 116 | 36 0,0 853 85,1 0 0 75,8 76.8 268 245
7:38:03 | 23,8 | 178 | 954 [ 116 3.6 0,0 85,3 85,1 0 0 75,9 76,8 275 550
7:38.04 | 238 173 960 115 36 0.0 85,3 851 0 0 758 76,8 268 250
7:38:05 | 238 | 169 | 973 | 116 | 36 0,0 85,1 85,0 0 0 75,9 76.8 274 245
| 7:3806 | 233 | 168 | 990 | 116 45 0,0 85,3 85,1 0 0 76,5 76,6 281 239
| 7:38:07 | 233 164 | 990 116 3.9 0,0 85,2 85,1 0 0 77.2 76.3 303 239
| 7:38:08 | 233 | 161 | 995 | 116 | 35 0.0 85.2 85,1 0 0 77.0 76.2 291 240
| 7:38:00 | 232 | 156 | 1004 | 116 2.1 0,0 85,2 85,1 0 0 75,8 76,2 262 245
| 7:38:10 | 238 | 153 |1004 | 115 2,9 0,0 85,2 85.1 0 0 752 76,5 256 227 |
7:38:11 | 23,8 | 153 | 1008 | 115 0,0 0,0 86,1 85,3 1 0 74,5 75.2 250 187
7:3812 | 233 | 146 | 1006 | 115 1,3 0.0 94,5 94,2 1 1 72,9 73.4 209 187
7:38:13 | 238 | 139 | 974 | 113 4,5 0,0 89,7 99,0 1 1 723 73,6 202 338
73814 | 233 | 135 | 950 | 113 6.8 0.0 86, 1 101,3 1 1 78,6 78.0 401 245
73815 | 233 135 | 923 114 13,6 0,0 85,9 102,0 1 1 81,2 77,7 375 397
7:38.16 | 232 | 132 | 884 | 112 | 445 0.2 889 | 1055 1 1 875 | 826 583 413
7:3817 | 22,7 | 127 | 824 | 107 | 826 0,0 88,4 108.5 1 1 93,4 81,8 914 338
7:3818 | 227 | 127 | 764 | 103 | 988 0,0 86,1 1065 1 1 96,0 81,1 1141 374
7:38.19 | 227 124 | 692 100 35,0 0,0 751 104,5 1 1 90,6 80,5 1071 251
7:3820 | 227 | 123 | 621 | 94 237 0,0 67,3 100,8 1 1 83,1 76.8 338 233
7:38:21 | 22,7 | 130 | 543 | 87 6,8 0.0 76.4 98,3 1 1 82,7 755 410 239
7:38:22 | 22,7 | 129 | 454 | 82 4,0 0,0 87,8 97.3 1 1 79,8 75,2 287 250
7:38:23 | 22,7 | 131 | 356 | 78 5,5 00 87,5 97,2 1 1 77.9 75.4 250 550
7:3824 | 233 [ 130 | 264 | 74 34 0,0 85,2 97,0 1 1 76,4 75,9 234 68
7:38:25 | 238 | 128 | 182 | 71 | 128 1.9 874 | 1018 1 1 79,2 82,0 293 560
7:38:26 | 238 | 124 | 108 | 67 39,0 0.0 88,9 10,1 1 1 87,2 85,1 573 354
73827 | 233 | 122 | 38 | 61 | 568 0.0 87.1 106,8 1 1 90,4 83,1 750 362
7:38:28 | 233 | 116 | 4975 | 53 69,0 2.8 85,9 106,8 1 1 92 1 831 867 391
Flight Data Recorder information for propeller/engine (Commencement of event in red)
Final Report dated 21 April, 2005 22 ,ﬂ
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Human ["actors, From the DFDR data, the flap and landing gear is selected

above their respective limiting speed. Flap 10 is selected at 186 kt (limiting speed
of 180 kt); Flap 25 is selected at 183 kt (iimiting speed of 160 kt), and the landing
gear Is selected at approximately 185 kt (limiting speed of 170 kt). The approach
is non standard as the specd is 60 ki fast and the aircraft is not configured with
flap 10, landing gear down as required in the Kish Airlines AOM Volume 2.

Previous Flight. A check was conducted on the DI'DR data from the previous
tanding conducted by this aircraft to ensure that there was no abnormality with the
propelter ground/flight mode for the take-off and landing., The data indicated
normal opcrations and discounted any power lever/engine control rigging
possibilities.

Wreckage and impact information

There was a single crater found in a flat sandy area on the opposite side of the
road to where the majority of the wreckage was found. The scorched sand crater
indicated an impact explosion but no tmpact information such as aircraft attitude
or heading could be determined. As the wreckage of the cockpit, fuselage and tail
section was located within 30m of the nitial impact crater, it could be determined
that the aircraft had a low horizontal velocity at the time of impact. There was
cvidence of scraping across the road in the direction of where the burnt out cabin
was located indicating that the momentum of the aircraft on impact was towards
050° M. The severed tail section was aligned 330° M. whilst the burnt out
fuselage wreckage indicated that the aircraft came to rest on a heading of 340° M.
No aircraft components were found outside this small debris field.
RH engine

Impact point
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Landing Gear.

The landing gear was recovered from the main fuselage area and it could be
determined that it was down and locked at the time of impact.

Flaps.
The flap jacks were all recovered and it was established that Flap 25° was set.
Cockpit.

Parts of the instrument panel were found but all cockpit instruments were totally
destroyed. From one section of the centre console, it was clearly established that
the landing gear lever was in the down position. Part of the power lever quadrant
was recovered with the left power lever almost full forward and the right power
lever about mid travel. The ground idle stop mechanism was burnt out and the
position could not be established.

Engines.

The left engine was severely burnt as it was in the main wreckage whilst the right
engine was thrown 50m clear on impact. Both of the power turbines were
observed to be undamaged. Both the left and right hand engines displayed
circumferential deformation to the compressor low pressure impellers
characteristic of the gas gencrators being powered at the time of impact. There
was no evidence of any release of internal engine components, nor evidence of
bird ingestion, on any engine.

Propellers.

All propeller blades had sheared at the hubs on impact and were recovered from
various sections of the debris ficld. Being of composite construction no impact
information could be determined. The hubs were recovered as well as the

applicable beta tubes, Propellier Control Units, Propeller Electronic Controllers,
overspeed governors, but only one feathering pump could be found.

Skid Control Unit
The Skid Control Unit was found in a severcly burnt condition.
Cabin Bagpage and Freight

The recovered cabin baggage reflected that stated on the weight and balance
manifest.

Weapon

A loaded 0.38 inch pistol, of Spanish make, serial number 13707 was found in the
wreckage. Kish Airlines advised that a Sky Marshall was authorized to carry this
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weapon with 36 bullets. Forensic testing confirmed that the weapon was one
issued to the Sky Marshall and had not been fired.

Medical and pathological information

Investigation of the flight crewmembers’ medical history confirmed that they met
the CAO and ICAO Annex 1 medical standards for the licences held. Both pilots
had a limitation for the wearing of glasses whilst exercising the licence privileges.
There were no indications of any disorder that could have had a bearing on this
accident.

The results of the pathological and toxicological examinations detccted no carbon
monoxide, drugs or alcohol in either pilot’s system.

There was no evidence that physiological factors or incapacitation affected the
performance of flight crew members,

Fire

From the scorching of the impact crater, adjacent power line and road, and further
substantiation by witnesses, there was a large explosion on impact. The fire
tmmediately engulfed the remains of the cockpit section. The fire spread to the
main cabin arca, totally destroyed it.

The rescue and fire fighting vehicles were not at the scene for almost 25 min after
the accident. The access to the site by the rescue and police services was
hampered by the number of private vehicles and people crowded into the
restricted residential area. The fire was extinguished about 30 minutes after the
accident but the wreckage continued to smoulder for a further hour.

Survival aspects

There were four survivors initially found in the fuselage section however one died
on the way to hospital. A witness, who was on the scene very quickly, stated that
the main fuselage was still intact when he arrived and he could hear people inside
requesting help. Attempts were made to gain access to these passengers through
the front door but it would not move as it appeared to be crushed and fire
prevented access to the cabin through open sections of the fuselage. The fire
intensified very quickly forcing rescuers away and it quickly engulfed that section
of the fuselage. A photograph taken approximately {0 minutes after the accident
showed the cabin totally enguifed. There may have been more survivors if
immediate access to the cabin had been achievable. The survivors could not
remember any details of their seating position although it was most likely that
they were seated in the middle section of the main cabin behind the wing.
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Tests and research
General.

The DFDR determined that both propeliers entered a ground control mode as the
propeller low pitch light illuminated. The Investigation Commitiee conducted the
following research into the propeller(s) system and associated components.

Propeiler

Description. The engine drives a variable-pitch, constant speed propeller.
The pitch ranges from feathered, through zero pitch to full reverse. The propeller
pitch angle varies in flight from +15° to approximately +45°. Propeller pitch is
controlled by balancing oil pressure provided by a high pressure pump driven by
the propeller gear box, against the coarse pitch seeking force provided by
counterweights attached to the blade roots. Should the oil pressure fail, such as
after an engine failure, the counterweights assist the propeller blade angle to auto-
coarsen to +55°, which is a low drag windmilling condition. Automatic or manual
feathering would achieve a blade angle of +82.5°. The propeller pitch angle in the
ground control range varies on the ground from +15° to -17°. Please refer to the
Dowty Propelier report at Appendix 6 for a more detailed explanation of the
propeller system, norinal operation and analysis. Illustration | below indicates the
power lever angle (PLA) and propeller pitch angle relationship.

POWER LEVER ANGLE

Take off 80° -
FLIGHT CONTROL
RANGE
Flight ldle 35°  ~ [
GROUND CONTROL
RANGE
Reverse 0 ¢ é"*‘ Pi-l?.OPELLER BLLADE ANGLE
| | | >
T i Z ey
17 @ oe° -;, i5° 45° 55¢
Ground idle 7% Flight idfe Auto-coarsen
- g25¢
L.ow Pitch Light Auta or manual feather

(nominal 10 °)

ILLUSTRATION 1
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ILLUSTRATION 2

Control Ranges. There are¢ two control ranges.

(a)

(b)

Flight Control Range. When the power levers are positioned at, or
above, the flight idle detent, constant speed control is regulated
automatically. This range is used for take-off and all phases of flight until
landing. The Propeller Electronic Controller unit (PEC) controls propeller
speed by varying the blade angle and propeller synchronizing is automatic.

Ground Control Range. On the ground, when the power levers are
positioned at the ground idle detent, propeller pitch is directly controlled by
the power lever position. The transition from constant speed control as
described in paragraph (a) and direct propeller pitch control occurs when
the power lever is positioned about half way the range between the ground
idle detent and the flight wdle detent. Below the ground idle detent position
propeller pitch moves to reverse. The ground control range is also referred
to the beta range as propeller pitch is controlled directly by varying high oil
pressure through a beta tube to achieve the desired blade angle according to
the power lever position, The ground control range is used for propeller
braking effect such as for varying taxi speed and deceleration after landing.

Flight Protection. For a Fokker F27 Mk.050 in flight, should both propellers
move into a ground control range, the resultant drag would affect the lift over the
wings and tail plane and the acrodynamic lift/weight and thrust/drag moments
would be altcred. There may be an asymmetric condition to further affect the

.0
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controllability of the aircraft and the responsiveness of the engine may be affected
by the propeller behaviour. The use of the ground control range in light is
considered by the Certification Authority (CAA-NL) to be a catastrophic event
and as such, the effects on the aircraft controllability, propeller behaviour, and
engine responsiveness have not been explored by the manufacturers. However, it
is accepted that this condition would be extremely dangerous. Therefore, for the
Fokker F27 Mk.050, the power levers are prevented from moving into the ground
control range in flight by;

(a)

TRAVEL LIMIT STQP

(b)

Mechanical flight idle stop (primary stop). To select ground control
range after landing, the power levers must be in the flight idle position. The
Ground Range Selector, which is fixed to the power levers, must bc then
physically lifted by a pilot to remove the mechanical stop so that the power
lever can be moved backwards. This mechanism is designed to require a
positive action by a pilot and cannot be accidentally moved. Refer to
[tlustration 3,

REMOVABLE STQP

MIN. TRAVEL LIMIT STOP

ILLUSTRATION 3

Electrical flight idle solenoid (secondary stop). Although not a
requirement at the time the Fokker F27 Mk.050 was type certificated, there
1s an electrical flight idle solenoid (secondary stop) for each propeller
located on each engine. Once energized the solenoid removes a flight idle
lock lever. Each solenoid is powered through one Skid Control Unit and/or
the Ground/Flight switches (refer paragraph 1.16.5 and Illustration 5). The
solenoid prevents the corresponding power lever from moving from the
flight idle position into a ground control range. Refer to Hlustration 4.
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Loss of Protection in Flight

The electrical flight idle solenoid is designed as a back up safety feature to
provide protection in case the primary protection fails or is removed by the pilot.
Other than the reasons listed below, the aircraft manufacturer determined that
there could be no system failure, or a combination of system failures, which could
simultaneously overcome both clectrical stops and place both propellers into the
ground control range whilst airborne. The only known reasons for this secondary
stop being deactivated in flight are as follows and except for (e) below, the loss of
protection is limited to a period of 16 scc.

(a)

(b

{©)

(d)

(©)

Lowering of the undercarriage when both up-lock switches are de-energized
within approximately 40 micro sec of each other and only with a Skid
Control Unit Part Number (6004125); or

EMI disturbance signals to either Skid Control Unit Part Numbers 6004125
or 6004125-1, or an unmoditied aircraft (SBF50-32-035)

Use of the anti-skid test {unction to either Skid Control Unit Part Numbers
6004125 or 6004125-1; or

Cycling of the TOW switch {enables towing of the aircratt) to Skid Control
Unit Part Numbers 6004125; or

Failure of one of the Ground/Flight switches to the Ground mode.
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For this accident, the aircraft manufacturer indicated that (b) above; the likelihood
of EMI on both whecl speed signals exactly at the same time was most unlikely
and that (¢} and (d) above could be discounted as the data provided by the flight
recorders indicated that these switches were not activated and there was no
evidence of an associated system failure. The reference to “aircraft manufacturer”
means Fokker Aircraft B.V or Fokker Services B.V (refer also to paragraph
1.17.4).

Propeller Precaution

To ensure that pilots are awarc of the danger of attempting to move a propeller
into the ground control range in flight, the Fokker ['27 Mk.050 Aircraft Operating
Manual, Chapter 2, page 2.06.01 states:

PROPELLER OPERATING LIMITS

WARNING: DO NOT ATTEMPT TO SELECT GROUND iDLE IN FLIGHT. IN CASE OF
FAILURE OF THE FLIGHT IDLE STOP, THIS WOULD LEAD TO LOSS OF
CONTROL FROM WHICH RECOVERY MAY NOT BE POSSIBLE.

Ground Idie Stop Knob. A selectable Ground Idle Stop knob is installed at
the pedestal to prevent selection of the power levers to the reverse position during
a rejected take-off. This knob moves a mechanical lock so that the power levers
cannot be moved from the ground idle detent towards reverse. Kish Airlines had
issued a written instruction that the Ground ldle Stop knob was to be left in the
“ON” position at all times for all flights. There was no reference heard on the
CVR during the approach checklist indicating the position of the Ground ldle
Stop knob. The positioning of this knob was not considered relevant as it had no
elfect on the resultant propeller behaviour.

Low Propeller Pitch Light. Should the power lever be brought into a ground
control range, a blue light (LO PITCH) illuminates at a nominal figure of +10°
propeller pitch angle and this is a recorded parameter on the DFDR. I'rom the
DFDR, both propellers low pitch lights illuminated and remained on until impact.
As the right propeller was just in a flight control range on impact, further research
was conducted on the tolerances of a low pitch light switch to determine how this
could occur. The propeller manufacturer indicated the setting of the light switch
could be within the range of 10° - 13.5° and that once the switch was set, there
would be virtually no change to this range. The conclusion therefore was that the
right propeller blade angle was moving within the ground control range towards
the flight control range at impact and the next recording of the DFDR low pitch
light parameter, which is every second, most likely would have indicated a change
to the light off position.

Propeller Technical Analysis

General. The propeller components such as the propellers, hubs, beta tubes,
pitch control units, feathering pumps and propeller electronic controllers were
sent to the manufacturer Dowty Propellers of Gloucester, United Kingdom for
further analysis under the direct supervision of the GCAA Investigation Team.

e T TF s T4 1T A1 AANS 10
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The research involved the propeller pitch seitings on impact and any obvious
malfunctions. Although the two propeller electronic controllers included a
memory chip, it was established that any faults recorded, which could have
indicated a propeller system fault, would activate a warning light on the pilot
master panel in the cockpit. No single warning chime was heard on the CVR and
there was no discussion by cither pilot regarding any system faults. In addition,
the propeller electronic controllers are only effective when the power levers are in
the flight control range (above flight idle).

Relationship between Power Lever and Beta Tube Movement

Propelier pitch is linked mechanically to the position of the beta tubes in the PCU.
When a power lever is moved to flight idle on approach for landing, the PCU
hydro-electrical control system normally pressurises the fine pitch oil way to drive
the beta tubes forward towards finer pitch. This is in order to maintain propeller
RPM when the airspeed is low, The propeller is then being operated in beta
control. The beta tubes and propeller stop moving toward fine when the propeller
pitch reaches 15° because, below this point, the porting in the beta slecve in the
PCU cuts off fine pitch oil from the propeller and allows the coarse pitch-seeking
counterweight forces to hold pitch at 15°. This is a key feature of the propeller
system design and specifically addresses safety aspects as required by the
certifying authorities.

In order for propeller pitch to fall below 15° and into the ground control range,
only the power lever can determine the beta sleeve position through the PCU.
Therefore the Ground Range Selector, which is fixed to the power levers, must be
physically lifted by a pilot to remove the mechanical stop so that the PCU could
position the beta tubes accordingly. Should there be a disconnect in the linkage
between the beta sleeve and the power lever, a spring in the PCU would move the
beta sleeve back to a 19.4° position, so preventing access to the ground control
range.

Findings. The propeller manufacturer concluded that the propeller system was
capable of correct operation up to the point of impact. Only a power lever
movement could have caused the propeller pitch to move into the ground control
range. The left hand propeller was determined to have impacted the ground at a
blade angle of approximately -18°, which equates to the full reverse position and
the right hand propeller was found to have impacted the ground at a blade angle
of approximately +15°, which is just in the flight control range. The accuracy of
these positions was considered as £2°. Refer to Appendix 6 for the report from
Dowty Propellers.

Propeller Behaviour
DFDR Analysis. The following propeller behaviour and power lever positions are

based on the DFDR data and is summarised in the following table and
accompanying notes.
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Time reference | Engine related crew Left hand powerplant Right hand powerplant ]
actions Propeller pitch Engine power Propeller pitch | Engine power |
7:38:10 +23 degrees Idle +23 degrees [ Idle ‘
7:38:11 Power levers pulled Between +3 and -2 Idle Between +7 and +3 Idle
back into the degrees [2] degrees [3] ,
ground range [1]
7:38:12 Moving to reverse ldle No change Idle
7:38:13 Power levers Moving to reverse 98 SHP No change Idle
slammed to the
take-off position [4
7:38:14 Moving to reverse 144 SHP No change Idle
7:38:15 Moving to reverse 287 SHP No change idle
7:38:16 Moving to reverse 973 SHP No change Siight increase in Nh, fuel flow
limited by propeller overspeed |
governor.
7:38.17 Moving to reverse 1793 SHP No change Fuel flow limited by propeller
overspeed governar.
7:38:18 -17 degrees 2090 SHP (max CRZ is No change Fuel flow limited by propeller |
2030) overspeed governor.
7:38:19 Power levers pulled No change 646 SHP No change Idle
back to flight idle |
7:38:20 Moving out of reverse [5] 391 SHP Nec change ldle -1
7:38:21 Moving out of reverse 128 SHP No change Idle |
7:38:22 No change 88 SHP No change Idie T
7:38:23 No change 118 SHP No change Idle B
7:38:24 Power levers Moving to reverse 71 SHP No change Idle '
pushed forward. |
7:38:25 Moving to reverse 274 SHP No change Slight increase in Nh
7:38:26 Moving to reverse 853 SHP Ne change Slight increase in Nh, fuel flow
fimited by propeller overspeed
governor.
7:38:27 Moving to reverse 1215 SHP No change Fuel flow limited by propeiier
cverspeed governor.
7:38:28 Moving to reverse 1456 SHP Increasing [6] Fuel! flow limited by propeller |
overspeed governar. I
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The propeller low pitch signals on the DFDR data indicates that both power
levers were moved into the ground range. The exact position to where they were
moved cannot be determined, but it can be narrowed down as follows:

- The highest position is the point where {ull beta control is established. Beta
control should start when the power levers are retarded to a position
approximately halfway between flight and ground idle.

- The lowest position is ground idle because the SOP of Kish Air requires the
ground idle stop to be ON during all phases of flight and no comments or
noises were identified on the CVR tape that could suggest that the stop was
selected to the OFF position.

The propeller blade angles associated with the power lever positions specified in
[1] are +7 degrees (nominal) for the beta entry point and -2 degrees (nominal) for
ground idle. Since the left hand propeller subsequently moved to the reverse
position when the power lever was returned to the flight range, it can be
concluded that the initial propeller pitch was at or below the self pitch change
neutral point (where the sum of the aerodynamic, centrifugal and counterweight
blade twisting moments is zero) when coarse pitch oil pressure was lost, which is
estimated to be approximately +3 degrees for a propeller speed of 90 percent and
an indicated airspeed of 140 knots, but not lower than -2 degrees.

The right hand propeller moved eventually to the minimum flight idle position
and must therefore have been at or above the self pitch change neutral point,
which is estimated to be approximately +3 degrees for a propeller speed of 100
percent and an indicated airspeed of 140 knots, but not higher than +7 degrees.

The variations in high pressure rotor speed (Nh) on both engines show that the
crew continued to operate both power levers synchronously afler beta entry (see
figure 1). The excursions on the right hand engine are however much smaller due
to interference from the propeller overspeed governor. The power increase on the
left hand engine between 7:38:13 and 7:38:18 indicates that the power levers were
placed in the take-off position. '

The increase in propeller speed at 7:38:20 and 7:38:21, while engine power is still
declining, indicates that the propeller is partly coming out of the full reverse
position. This only happens during the period that the left hand propeller speed is
below the selected constant speed setting (1.e. 85 percent).

The pitch angle of the right hand propeller may have increased during the final
second(s) because the (coarse) self pitch changing moment became higher due to
the reduction in forward speed.



1.16.4.2  Research-Movement Into Ground Control Range.  Should a power lever be
moved into the ground control range whilst airborne and the secondary stop did not function,
it was possible for the propeller to quickly achicve a blade angle corresponding to the power
lever position. The DFDR data and CVR spectrum analysis determined that the power levers
were positioned into the ground control range. All manufacturers agreed that propeller
behaviour within the ground control range in flight was unpredictable.

1.16.43  Research-Movement Back Into Flight Control Range.

All manufacturers agreed that propeller behaviour from the ground control range
to the flight control range was unpredictable due to many variable factors. The
following additional information is provided (o explain those factors.

(a) Control modes.

The Fokker F27 Mk.050 propeller control system has two basic control
modes:

(1) Beta control for ground handling with a fixed relationship between
power lever position and propeller blade angle. This control mode is
active in the range from full reverse up to halfway between ground
and flight idle. Propeller pitch is controlled in both directions (i.e.
coarse and fine) by means of oil pressure.

(2) Constant speed control for in-flight operation. This control mode is
active above the beta range. Propeller pitch is changed in coarse
direction by means of counterweights on the propeller blades and
controlled in fine direction by means of modulated oil pressure. Fine
pitch selections are limited in the constant speed range by a minimum
blade angle set by the power lever position. This minimum blade
angle will be reached in-flight only with a flight idle selection at very
low forward speeds.

Fither control mode can be selected by placing the power lever above or
below the halfway position between ground and flight idle.

(b) Counterweight forces.

The blade twisting moments created by the propeller counterweights are not
constant but diminish with a reduction in blade angle, to become zero at flat
pitch, In reverse pitch the counterweights provide a blade twisting moment
in the opposite direction, i.e. fine/reverse seeking. Forward speed of the
aircraft will introduce an additional (aerodynamic) blade twisting moment
that drives the blades to fine/reverse pitch. At the normal in-flight blade
angles, these aerodynamic blade twisting moments are insignificant.

Final Report dated 21 April, 2005 34
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(¢) Loss of propeller pitch control

A rapid power lever movement from beta range into the constant speed
range may result in a propelier hang-up due to the fact that coarse pitch oil
pressure 1s lost before the blades had attained a pitch angle where the
counterweights provide sufficient blade twisling moment to coarsen the
blades. The probability that the propeller blades will not coarsen into the
normal flight range will increase with forward speed due to the additional
aerodynamic blade twisting moments,

(d) Rate of Power Lever Movement

Both the CVR and DFDR evidence suggest that the power levers were
moved back into the flight control range shortly after the event occurred.
Whilst it is not known just how far and how fast the levers were positioned,
it is considered most likely the First Officer moved them fully forward
quickly 2 sec after the initiation of the event under the instruction of the
Captain and existing situation. Both the aircraft and propeller manufacturers
indicated that the chances for the propeller to regain the flight control range
are improved, but not guaranteed, if the power levers are slowly moved
torward and the initial power lever position was not below the ground idie
position.

(e} Summary

Due to the unpredictable propeller behaviour, movement of the power lever
from within the ground control range to the flight control range would have
little initial effect on the movement of the propeller pitch towards the flight
control range.

Skid Control Uit (SCU)

General. The SCU was designed to give optimum brake operation for all
runway conditions by using whee! speed sensors in each main landing gear axie,
However in addition the SCU consists of components, which energize the flight
idle stop solenoids, and when energized, remove the secondary stop protection.
(refer to paragraph 1.16.5.2 below for the SCU/solenoid relationship). As it was
ascertained that the electrical flight idle solenoids did not prevent the power
levers from moving into the ground control range, further research was conducted
on the SCU. An analysis of the SCU was carried out by the manufacturer, Aircraft
Braking System Corporation (ABSC) of Ohio, USA. It was ascertained from their
investigation that this unit was the original unmodified version (part number
6004125) but no analysis of its operating performance could be determined due to
the severe fire damage.

SCU/Solenoid Relationship. The flight idle stop solenoids are energized by
the Ground Control Relay, which in turn is activated by either the;

{a) RH GND/FLT switch; OR
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(b) LH GND/FLT switch; OR
(¢)  Wheel speed > 20 mph from RH inboard AND outboard wheel; OR
(d}  Wheel speed > 20 mph from LH inboard AND outboard wheel.

The latter two whecl speed signals are obtained from the Skid Control Unit. The
Skid Control Unit is basically designed to provide optimum brake operation for
all runway conditions. One of the basic inputs for this is the wheel speed of the
different MLG whecls, sensed by the wheel speed sensors in each wheel axle.
Hence, by using the wheel speed discretes from the Skid Control Unit, the Skid
Control Unit forms a part of the system to control the Flight Idte Stop solenoids.
The following Illustration 5 shows the relationship between the SCU and an
clectrical flight idle solenoid.

Skid Contrel Unit

Irbeoard. Ciroail cand

RH whasl speed
i wihesl Flght e
-+ - - sop
LH whaal spaed Folarnid
Inbovwrd wheal RH engiee
! RH bl sped —_—
e & Ditasand wihesl Grouns TD 16 sec
4 e T ——] Cottm o
B LH whesl spae / Relay Aalasss
mulboard vehiel - =
Cuateivard curvaal cad
AR |
Flight ifia
r—— sy
RH GHONTLT skanoed
dlch ;—-——: LM Enging
l LH L-P\DfFL {_

ILLUSTRATION 5

Undesired System Behaviour, The Skid Contro!l Unit contains two channels
which are electrically powered separately. The inboard card is powered when the
RH MLG comes out of the up lock position and the outboard card when the LH
MLG comes out of the up lock position,

In 1992 it became apparent that during power up the wheel speed discrete >20
MPH was activated for about 20 milliseconds. When the inboard and outboard
wheel speed discretes overlap each other for a short duration the Ground Control
Relay is activated (ref diagram) and subsequently the Flight Idle Stop solenoids
are energized for 16 seconds (the 16 second delay has been introduced to prevent
on/off switching in case of bouncing during the landing). In view of the short
duration of the power up pulses it can be concluded that this only occurs when
both MLG-up lock switches are activated at almost the same moment. To solve
this phenomenon ABSC issued ABSC SB Fo50-32-04.

o Iy




UAE Coneral Crvil Aviariar Sutncrity 02 2 teda o fledloldlgy

1.16.54

1.16.6

1.16.7

it g d e - Balpias. el

Subsequent to loss of braking reports it also appeared that EMI on the wheel
speed wiring or on the Skid Control Unit test switch wiring could cause wheel
speed signals as well. Subsequently Fokker Services issued SBF50-32-035 which
improves the Skid Control Unit grounding and thus the EMI susceptibility.
Furthermore, activating the anti skid test button in the cockpit, recommended by
the Aircraft Operating Manual to check the anti-skid system in flight after a
lightening strike with landing gear down, would also cause temporary activation
of the >20MPH wheel speed discretes. To rectify all known abnormalities, ABSC
1ssted SB 6004125-32-01(includes ABSC SB Fo050-32-04 modification) which
was covered by Fokker Services SBF50-32-038 (which asks also for
accomplishment of SBF50-32-035).

Provided there was an inboard and outboard wheel speed discretes overlap, a
possibility therefore existed on Fokker F27 Mk.050 aircraft with a Skid Control
Unit Part Number 6004125 for the propeller(s) to be placed in a ground control
mode should the power levers be deliberately or inadvertently brought over the
mechanical primary stop whilst the Flight idle Stop solenoids are energised.

Skid Control Unit Modification. To initially resolve this undesired system
behaviour, ABSC SB Fo50-32-04 was issued. Once this first modification (Part
Number 6004125-1), as notified by ABSC SB Fo50-32-04, was incorporated the
aireraft manufacturer stated that there was no possibility of inadvertent energizing
of the solenoid (unless EMI or use of the anti-skid test switch). ABSC then issued
SB 6004125-32-01, which resolved the EMI and test switch anomalies.

Previous Accidents/Incidents Involving Fokker F27 Mk.050.

A similar accident had occurred to a Luxair Fokker F27 Mk.050, LX-LGB on 06
November, 2002. In that accident the Final Report from the Ministry of Transport
of the Grand-Duchy of Luxembourg stated that the pilot brought the power levers
over the mechanical stop and that the electrical solenoid stop did not prevent the
propellers from entering the ground control range. This resulted in a drag situation
from which recovery was not achieved. It was determined during that
investigation that the event occurred within 16 sec of the landing gear being
lowered and an unmodified SCU (Part Number 6004125) was fitied. From
comparison of the engine/propeller plots of the DFDR data, the similarities
between the recorded propeller and engine parameters are evident.

Performance,

From the aircraft load sheet, fuel documents and existing meteorological data, it
was calculated that the threshold speed (Vrir) at a Flap 25 setting should have
been 99 knots giving a company recommended final approach speed (Vrer +10
kt) of 109 kt.
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Standard Operating Procedures {(SOPs).

The Kish Airlines AOM, Volume 2, on non precision approach procedures
indicated an initial approach speed of 160 ki, reducing to 130 kt before the final
approach fix. The aircraft was 190 kt at less than 3 nm from the threshold, and the
DIDR had determined that the flap and landing gear limits had been cxceeded
contrary to the Aircraft Flight Manual and SOPs. The use of incorrect MDA and
final approach ftrack figurcs indicate that the crew briefing may have not been
made using the current Jeppesen approach charts and contrary to the SOPs.

Other Technical Tests.

Enhanced CVR Testing. During the accident investigation of the Luxair
Fokker F27 Mk.050, LX-LGB, noise spectrum analysis testing was conducted by
the BEA and a comparison madc with another Fokker F27 Mk.050 aircraft. The
BEA was requested by the Accident Investigation Committee to conduct a similar
enhancement test of the area mike sounds using data already gathered from this
previous accident, The testing involved the area mike sounds recorded on the
CVR at the time corresponding to when the propellers changed from the flight
control mode to the ground control mode on the DFDR. During these tests, it was
positively determined that a sound similar to the lifting of the Ground Range
Selector was identified confirming that a pilot had brought the power levers over
the mechanical stop into a ground control range position. A second test
determined that it was unlikely that the ground idle stop knob was used.

Simulator Trals.

Trials were conducted in a Fokker [F27 Mk.050 simulator, certified to JAR STD
1A level C standards. The use of the simulator was not intended to verify data,
but merely to obtain a greater understanding of the aircraft systems and its
operation. The simulator session was conducted using the same aircraft weight
and meteorological conditions as IRK 7170, The following trials were conducted
by a pilot member of the Committee;

(a) Familiarization of the Fokker F27 Mk.050 instruments and systems. This
permitted the team members to relate technical issues and system
components with handling characteristics.

(b) Effect of flap and landing gear extension. There were considerable elevator
control forces experienced when lowering flap initially to 10° and then to
25° at a speed slightly above the limiting speeds. In addition it was noted
that a triple chime sounded when 25° was selected and finished when the
landing gear was down and locked.

{cy Effects of propeller drag. This exercise was uot able to be accomplished
as there was no malfunction available to simulate a ground control mode in
the air.
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(d)  Whilst in flight, the powcr levers could not be physically moved into the
ground control range. In addition, the Ground Range Selector could not be
accidentally lifted.

(e) There were no obvious ergonomic design abnormalities notcd regarding
power lever movement, detents and indicators.

Airflow Disruption

On the CVR the Captain was heard to infer that he couldn’t raise the aircraft nose
(“can’t raise it”). In addition the DFDR indicated a 28° nose down pitch atlitude
shortly after the event. Whilst no trials had been conducted during the
certification process, it was reasonable to assume that if both propellers went into
a ground control mode in flight, there would be a decrease of lift of unknown
magnitude over the wing directly behind the propellers and a large part of the tail
plane and elevator would be in turbulent low speed airflow. [n addition there
would be aerodynamic moments associated with lift/drag and thrust/weight
coupling so that the end result would be that the aircraft pitched down and pitch
control could not be regained.

Previous Use of Ground Contro! Range In Flight.

Intenttonal. The propeller manufacturer stated that a slight movement
between the mechanical lock and the electrical lock was provided by design.
Provided that the solenoid operated correctly, this movement could result in
additional propeller drag and could vary from aircraft to aircraft. The aircraft
manufacturer investigated this further and determined that, at a high approach
speed, the additional drag would be neglgible. From discussions with technical
personnel during the investigation, there were hearsay reports that pilots had
deliberately raised the Ground Range Selector in flight on non specific turbo-
propeller types and moved the power levers from the mechanical flight idle stop
to the electrical flight idle stop to take advantage of the additional propeller drag.
The use of this prohibited technique was to slow the aircraft down during a high
speed approach. The accuracy of these hearsay reports could not be established
and remains as hearsay. The reason for the use of the ground control range in the
previous Fokker F27 MKk.050 accident involving Luxair was not determined.
(refer to paragraph 1.16.6)

Unintentional.  In a Fokker F27 Mk.050 Service Letter 137 to operators, the
manufacturer stated that it had been reported that unintentional movement of the
power levers by the handling pilot from the mechanical flight idle stop to the
clectrical flight idle stop had occurred in flight during turbulent weather
conditions. :
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Organizational and managemen{ information

Operator

The Kish Airline organization was adequate in all audited areas and all
management personnel were experienced and well qualified. There were adequate
management policies and demonstrated financial viability.

Crew Resource Management Training (CRM). The operator had a formal
and documented CRM course, which was approved by the CAO. Whilst the crew
had conducted the operator’s CRM course, the comments heard on the CVR from
the crew indicated that during the approach phase of this flight, co-ordination and
co-operation between crewmembers was not indicative of CRM principles.

Training. The Captain was a line Captain and not a Training Captain and there
was no evidence that he had any instructional experience or training
qualifications. Both pilot’s initial training was conducted in accordance with
CAO requirements. The initial ground school was conducted by Kish Airlines
using an approved syllabus and the flight training was conducted in Stockholm,
Sweden using a Fokker 27 Mk.050 simulator, which was certified to JAR STD
LA standards. The instruction given was by a CAO approved instructor and all
recurrent checks were given every six months by CAO designated check airmen,
The recurrent training included approved Line Operational Flight Training in the
simulator and there were no adverse findings in either pilot’s training reports.
From the documentation it was noticed that both flight crew members had
conducted flights from Kish Island to Sharjah on a regular basis. For a pilot to
deliberately move the power levers back into the ground control range
presupposes that the pilot had used this technique before or had been told about
this technique from another pilot who had possibly used it. Kish Airline’s
management pilots were interviewed on this subject and none knew of any
previous instances or general discussion having taken place on this subject. There
was no restriction on landings by First Officers.

Operational Documentation. A review was conducted of the documentation
and communication aspects. All manuals and documentation sighted by the
investigation team were in good order and met the CAQ requirements. All
correspondence relating to the SCU from the State of Manufacture and the
manufacturer was received by the operator. In respect to the All Operators
Message AOF 50.022 warning from the manufacturer, it was received in the first
instance by the Engineering Director of Kish Airlines. It was then copied to the
Flight Operations Director, who created a Crew Information File (CIF No. 8),
which required all crew members to be aware of primary profection and
emphasized the importance of ensuring that the ground range selector levers are
never lifted in flight, It was ascertained that the Captain of this aircraft had signed
this CIF, having indicated that he had read it. The operator had received the
Airworthiness Directive BLA Nr 2003-091 from the State of Manufacture. The
operator stated that they fully intended to comply with this Airworthiness
Directive before the time limit of 01 May, 2004 but the SCU was unmodified on
the Fokker 27 Mk.050 f{leet at the time of the accident.

Pl T I & D S B T T ST B S we Ny Ay
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Maintenance Documents.  All maintenance documents indicated that the
maintenance had been conducted in accordance with the CAQ approved
maintenance schedule. There had been no maintenance on the propellers or the
SCU since the purchase of the aircraft in 2002. All documents were found to be in
order.

Regulatory Authority

In respect to regulatory oversight all documentation was in order and there was a
demonstrated and adequate regulatory oversight in continuing airworthiness and
flight operations by the CAO.

Skid Control Unit Manufacturer

Aircraft Braking Systems Corporation (ABSC) issued the following relevant
publications regarding the SCU.

. 01 August, 1992 - Service Bulletin Fo50-32-4 advising of a possible
Skid Control Unit abnormality

° 29 June, 1994 - Service Bulletin Fo50-32-4, Revision | advising of
modification of the SCU to part number 6004125-1 status to overcome
abnormality identified above.

. (07 May, 2003 - Service Bulletin ['050-6004125-32-01 advising of
modification of the SCU to part number 6004125-2 status due to recognized
electromagnetic interference.

Aarcraft Manufacturer

Fokker Aircraft B.V was the original certificate holder of this aircraft and the
aircraft was certificated to JAR 25. When this company went into bankruptcy in
1996, Fokker Services B.V took over the administration of the certificate and
administration of airworthiness matters. The reference to “aircraft manufacturer”
means Fokker Aircraft B.V before bankruptcy and Fokker Services B.V since that
time. Prior to the Luxair accident, the aircraft manufacturer, issued the following
publications regarding the solenoid secondary stop issue.

o 20 December, 1994 - Service Letter 137 informing all operators of
the SCU abnormalities and the availability of a modification.

As a result of the Luxair accident, the aircraft manufacturer issued the following
publications regarding the solenoid secondary stop issue;

. 14 November 2002 - All Operators Message AOF 50.022 for all
operators of Fokker 27 Mk.050 aircraft, to recall the characteristics of the
security systems of the propellers.
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08 May 2003 - All Operators Message AOI' 50.028 announcing the
publication of;

1. ABSC 5B Fo50-6004125-32-01 notifying operators of the availability
of the modification 2 to the SCU (part number 6004125-2 status),
which was issued on 07 May, 2003,

2. Fokker SBF50-32-038, which recommended incorporation = of
modification 2 to the SCU (part number 6004125-2 status).

and stipulated that, with these modifications incorporated, abnormal
braking, loss of braking at low speeds as well as unintended energizing of
the flight idle stop solenoids were considered to be adequately covered.

08 May 2003 - Manual Change Notification/Maintenance
Documentation MCNM-F50-045) incorporating the modifications to
perform on the SCU.

[nvestigation Commission of Luxair Accident

Prior to the release of the Final Report into the Luxair accident, which occurred
on 06 November, 2002, the Luxembourg Investigation Commission issued the
fotlowing recommendations:

(a)

(b)

Safety recommendation N°|, dated 15 November 2002:

“In order to avoid the failure of the Flight Idle Stop security, the
Investigation Commission recommends that the opportunity should be
evaluated to render the modification of the Antiskid Control Box (SCU)
stated in the Service Bulletin be mandatory for all Fokker 50 aircraft.

Furthermore and without waiting for this modification, the Investigation
Commission recommends that the crewmembers should be informed about
the potential functioning of the system as mentioned above and about the
content of Fokker message to all operators AOF50.022 dated 14 November
20027

Safety recommendation N°2 dated 28 November 2002, recommended the
publication of an airworthiness directive stipulating that:

(i)  Service Bulletin N° Fo50-32-4-revision 1 from ABSC; and
(ii} Service Bulletin N® SBF50-32-035 from Fokker Services B.V.

be made mandatory for all Luxembourg registered Fokker F27 Mk.050
aircraft.
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(¢)  Safety recommendation N°3, dated 23 January 2003, stipulated that:

“In order to improve the functioning of the secondary safety Flight Idle
Stop, the investigation commission recommends, that the announced
publication of Service Builetin Fo50-32-7 be spceded up and that its
application be made mandatory for all Fokker F27 Mk.050 type aircraft.”

{d) Safety recommendation N°4 dated 09 May, 2003 was made, recommending
the publication of an airworthiness directive stipulating that:

(i) Service bulletin N° Fo50-6004125-32-01 from ABSC; and
(i1 Service bulletin N° F50-32-038 from Fokker Services B.V.,

be made mandatory for all Luxembourg registered Fokker 27 Mk.050
aircrafl.

State of Design/Manufacturer

The Civil Aviation Authority of The Netherlands is the State of
Design/Manufacturer and the aircrafi was certified to JAR 25. Aircraft
certification requirements stipulated that the selection of the ground control range
may only be possible by a positive, distinct and separate action by the pilot. The
provided mechantcal stop to be removed by the pilot using the Ground Range
Selector satisfied this requirement. The primary and the secondary stop system of
the Fokker 27 Mk.050 was certified against JAR 25.1155 (change 9), which at
that time, did not require additional protection such as a secondary stop.
However, the aircraft manufacturer included a secondary stop on the Fokker 27
Mk.050 aircraft as an additional safety measure. JAR 25.1155 has since
imtroduced an additional “means to prevent both inadvertent or intentional
selection or activation of propeller pitch setting below the flight regime” for new
aircraft certification.

On 31 July 2003, the CAA-NL issued an Airworthiness Directive BLA Nr 2003-
091, rendering service bulletin N® F50-32-038 from Fokker Services B.V to be
mandatory. (refer to Appendix 8) The compliance date for unmodified SCUs (part
number 6004125) was 01 May, 2004 and 0! November, 2004 for the modified
version (part number 6004125-1). Even though the Airworthiness Directive was
issued as a direct result of the findings from the Luxair accident, the Investigation
Committee noted that the emphasis of the Airworthiness Directive was directed
toward a possibility of a brake failure problem and not to the propeller control
problem as found to have caused the Luxair accident.

Additional information

Kish Airline’s personnel, who had met the pilots involved in this accident after
their first flight on the day of the accident, had indicated that they were in good
spirits. There were no known or noticeable problems with either crew member
and they had flown together on numerous occasions including flights to Sharjah.
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The CAO Medical Examiner interviewed family and friends and there were no
known social or medical problems affecting either crew member.

Useful or cffective investigation techniques
BEA

The use of the BEA facilities for the extraction of the data from the Flight
Recorders was most effective. In addition, the use of the noise spectrum analysis
equipment and comparison with another Fokker F27 Mk.050 aircraft positively
determined that the ground range sclectors were lifted and the power levers were
moved from the flight idle position into the ground control range,

Dowty Propellers
The use of the Dowty Propeller laboratory facilities and metallurgic expertise was

most effective in determining the blade angles on impact and an understanding of
the propeller behaviour during the event.

ABRSC

The laboratory analysis of the SCU was considered most useful as it confirmed
the unmodified status of the component,

Pratt & Whitney Canada

The analysis confirmed the engines were functioning normally before the event
and assisted the Committee in understanding the engine/propelier relationship
once the power levers had entered the ground control range.

Simulator.

CAE Flight Training of Maastricht provided the investigation team with a full
flight Fokker F27 Mk.050 simulator, The simulator provided effective techniques
for determining indicative control forces, wamning sounds and instrument
indications as well as an understanding of the normal propeller behaviour.

Evidence and information regarding this flight would have been enhanced had a
crash-protected image recorder been installed
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ANALYSIS
General
Methodology

The following analysis was compiled from the factual information of Part 1. For
the purposes of this analysis, the GCAA Aircraft Accident Investigation
Commiitee used the methodology researched and developed by Professor James
Reason of the University of Manchester. The Reason accident causation model is
an industry standard, and has been rccommended by ICAO for use in
investigating the role of management policies and procedures in aircraft accidents
and incidents. The methodology is amplified by italics.

Non Cause-related Factors

There were no weather, Air Traffic Control, communication or navigation aid
considerations, which contributed to this accident.

The aircraft was correctly certified and maintained in accordance with the
manufacturer’s requirements. From the aircraft documentation and interviews
with maintenance personnel the aircraft was considered fully serviceable for the
second flight of that day.

Klight Operations
Departure

The crew were experienced and qualified to conduct the flight. The aircraft was
observed to taxi, take-off and depart Kish Island normally.

Enroute

During the cruise and just prior to descent, the Captain was heard on the CVR to
unexpectedly hand over control of the aircraft to the First Officer prior to the
approach to Sharjah. The First Officer did not accept this willingly and stated that
he was not confident of his ability to conduct a VOR/DME approach into Sharjah.
This statement was not consistent with his previous experience and could indicate
either a cultural or professional issue. The Captain insisted the First Officer fly
the aircraft and was heard to encourage and instruct him during the approach.

This was identified as a local factor, which can affect the occurrence of active
failures, Local factors are task, situational or environmental factors which affect
task performance and the occurrence of errors or violations. This local factor
was considered to have had a direct influence on the performance of both of the
flight crew during the conduct of the flight.
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Approach

The Tirst Officer positioned the aircraft to be established on the final approach
with the auto-pilot on and descended whilst remaining slightly above the
approach protile. The visibility was good, there was no known turbulence, and the
crew should have had the runway in sight throughout the approach. The initial
speed for the approach was at least 50 kt high at approximately 190 kt with no
flap and no landing gear. T'rom the SOPs, the aircraft should have been
configured with landing gear down and flap 10° during the approach and
stabilized at 130 kt prior to the MDA. Approaching the MDA at flight idle
setling, the auto-pilot was disengaged and the First Officer called for Flap 10 at
[86 kt (limiting speed of 180 kt) and Flap 25 was selected by the Captain
(uncalled for) at 183 kt (limiting speed of 160 kt), and the landing gear was called
for and selected at approximately 185 kt (limiting speed of 170 kt). The Caplain
then took control of the aircraft and shortly afterwards the ground range selectors
were heard by CVR spectrum analysis to be lifted and the power levers moved
from the flight idle stop into the ground control range.

These were identified as active failures, which are errors and violations and have
an immediate adverse effect. Active failures are or may result in unsafe acts,
which maost generally involve the actions of operational personnel. Such failures
can be divided into two distinct groups; errors and violations. Frrors involve
attentional slips or memory lapses. and mistakes. Violations involve deliberate
deviations from a regulated practice or prescribed procedure.

Event
Commencement of Event (07 h 38 min 11 sec)

During the course of the investigation, it was determined that the possibility of a
system failure, or a combination of system failures, which could occur in flight
simultaneously and place both propellers into the pround control range was
extremely improbable. From the analysis of the technical factual information, it
was determined that propeller pitch was linked mechanically to the position of the
beta tubes in the PCU and had a fail safe mechanism within the PCU. Therefore,
the propellers can only move into the ground control range if the power levers are
physically moved rearward beyond the flight idle detent. This movement was also
confirmed at the time of the event by;

(a) the high pressure rotor speed (Nh)} momentarily reducing below the
flight idle setting of 74.01%; and

(b) a corresponding decrease in fuel flow below that already indicated for
flight idle. This decrease could only have been commanded by the

rearward movement of the power levers; and

(c) the CVR spectrum analysis
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Aircraft Pitch Down.

On selection of the power levers into the ground contro! range, the propeller pitch
changes resulted in decrease of lift over the wing and wrbulent low specd airflow
over the tail plane and elevator. Coupled with other aerodynamic moments
associated with lift/drag and thrust/weight coupling, the aircraft pitched down and
remained in a nose low attitude. The aircraft then commenced a roll to the left
most likely due to the asymmetric drag cffects of the different propeller pitch
angles.

Propeller Behaviour,

‘The left propeller then went to {ull reverse whilst the right propeller remained in
positive pitch within the ground control range. The propeller behaviour could not
be accurately ascertained and the relevant manufacturers agreed that propeller
behaviour would be unpredictable once the ground control range was cntered in
(Tlight.

[nitial Power Lever Position. At time 07 h 38 min 11-12 sec both power
levers moved into the ground control range for less than 2 sec. The propeller
system was designed to move very quickly to the corresponding position of the
power levers on the ground and this is most likely what happened on this occasion
in-flight. It could not be accurately determined where the power levers were
initially placed but it can be concluded that the corresponding initial propeller
pitch of the left propeller was at or below the self pitch change neutral point
which is estimated to be approximately +3 degrees and that the right propeller
was at or above the neutral point of +3 dcgrees. The corresponding power lever
position is much closer to the ground idle stop than the flight idle stop.

[ffect of Moving Power Levers Forward. At 07 h 38 min [3 scc, both the
CVR and analysis eslimations verified that the power levers were moved to the
take-off position. Whilst in flight, should a power lever be quickly positioned
tully forward from the ground control range, the movement of the propeller pitch
angle back into the (light control range would depend upon the oil pressurc
available to the propeller pitch control, the aerodynamic blade twisting moment,
counterweight forces as well as inherent seal and systemn frictions. It can only be
assumed that differences in these factors allowed the right propeller to gradually
move towards the flight control range and for the left propeller to move to full
reverse.

Technical
Maintenance Status

The aircraft documentation indicated that all required maintenance had been
conducted in accordance with the CAO approved maintenance schedule. There
were no deferred defects and there had been no maintenance on the propellers or
the Skid Control Unit since the operator purchased the aircraft in 2002.
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Serviccability

From the DFDR, all engine parameters indicated that they were continuing to
operate at normal power without unusual vibrations or power fluctuations. The
parameters of the DFDR were sufficient to determine from the data that all
recorded aircraft systems were working normally without any technical fault or
malfunction being evident during the approach. There were no wamings
associated with instruments or systems and the CVR made no reference to any
problem.,

Lack of Propeller Secondary Stop Protection

Lack of propeller secondary stop protection was found to be caused by inadvertent
energizing of the {light idle stop solenoids. Whilst no evidence of clectromagnetic
interference was researched, the flight idle stop solenoid protection was not
available for both propellers at the time of the event and it was determined that
the energizing of the flight idle stop solenoids occurred 14 sec into the known 16
sec window after lowering the landing gear. The likelihood of EMI affecting both
solenoid stops simultancously was considered remote by the aircraft
manufacturer. It was therefore concluded that the source of the inadvertent
energizing of the flight idle stop solenoids was a known anomaly within the SCU
which was initiated by the lowering of the landing gear.

Skid Control Unit

The original unmedified version of the SCU was known as early as 1992 of there
being a remote possibility that the solenoid secondary stop may be unavailable for
a period of 16 sec after the landing gear was lowered. A modified version became
available in 1994. After receiving subsequent reports about loss of braking,
investigation by the aircraft manufacturer determined that the SCU was
susceptible to EMI therefore a second modification was made available in 2003.
The EMI related problem only resulted in temporary loss of braking and there
were no known reports about EMI affecting the flight idle solenoids. Therefore
the rectification of this problem had a fower priority. The investigation team
inquired about the perceived lack of priority given by the aircraft manufacturer
and certifying authorities to the rectification of the solenoid secondary stop
problem prior to the Luxair accident. The response was that the risk potential was
considered extremely remote as it firstly required a pilot to conduct a prohibited
action and for the main landing gear up-lock switches to be activated at almost the
same moment. There were also additional adequate and satisfactory
modifications, safeguards and warnings in place. In addition, the aircraft
certification basis did not require this additional protection.

This was identified as a latent failure, the implications of which were not
immediately apparent and lay dormant for a considerable time.
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Human factors

Movement of Power [ evers into Ground Contro} Range. The propellers can
only move into the ground control range if the power levers are physically moved
past the primary stop by a pilot. The reason for the movement of the power levers
into the ground control range could not be determined but there was nothing in
the CVR comments or other evidence to suggest that this action was deliberate.
The following factors were considered;

(a) Previous Occurrences. One reported occurrence involving an action
by a pilot was the previously discussed Luxair accident. Another reported
occurrence involved turbulent weather conditions. From the CVR and
actual weather conditions observed at the time of the accident, turbulence
was determined not to be a factor.

{b) Inadvertent Movement. There were two hypotheses considered.

(1) It was possible that a pilot was aware of the possibility to move the
power levers over the mechanical stop to the electrical stop on the
Fokker 127 Mk.050 aircraft. The pilot, in an attemipt to slow the
aircraft quickly, may have reverted to a conditioned response from
previous experience(s) on this atrcraft or another previously flown
turbo-propeller aircraft type. This hypothesis was not supported by the
evidence but in the opinion of the Accident Investigation Committee
could not be discounted.

(2) From the comments on the CVR at 07 h 38 min 03 sec, it could be
assumed that the Captain took over control of the aircraft and was the
pilot flying at the time of the event. However, as the First Officer was
questioning the Captain’s take over, a possibility existed for the First
Officer to still have his left hand on the power levers. Should the
Captain attempt to place his hand on the power levers whilst the First
Officer still had his hand on them, it could be a possibility for the
Captain’s fingers to actually grasp the ground control selectors in the
mistaken belief that he held the power levers. Any attempt by the
Captain to move the power levers rearwards to a perceived flight idle
position may have resulted in the inadvertent lifting of the ground
control selectors and rearward movement. This hypothesis was also
not supported by the evidence as the CVR indicated the First Officer
appeared to relinquish control at 07 h 38 min 08 sec, which was
approximately 3 sec before the event. However, in the opinion of the
Accident Investigation Commiftee, it could not be discounted.

The defences against this risk included notification by the aircraft manufacturer to
all operators and regulatory authorities of the problem, and the introduction of an
Airworthiness Directive. In addition, Kish Airlines notified all pilots in writing of
the danger associated with the use of the ground control range in flight and each
pilot, including the crew of EP-LCA, signed as having read the content,



2.6 Summary

The certification of the Fokker F27 Mk.050 aircraft provided adequate and
appropriate defences under normal operating procedures. However, once Standard
Operating Procedures were not complied with, the level of defences in place
proved to be inadequate and did not protect against human failures arising from
the combination of active, latent and local factors.
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CONCLUSIONS

3.1 Findings

(@)

(b)

(c)

(d)

(e)

()

(2)

(h)

(B

1)

(k)

0

The operator was correctly authorised by the ranian CAO to operate Fokker
127 Mk.050 aircraft on scheduled international commercial operations.

The aircrafi was correctly registered, insured, and held a valid Certificate of
Airworthiness.

The aircraft was serviceable on departure from Kish Island with no known
mechanical defects for the flight to Sharjah.

The aircraft was within the centre of gravity limitations and carried
sufficient flight fuel, plus reserves. The load-sheet was determined to be
correct for the manifested passengers, cabin baggage and fuel.

The crew were correctly licensed, rated, and met the recent experience and
proficiency requirements for the Fokker 27 Mk.050.

Each crewmember held a valid and appropriate medical certificate and
neither suffered from a known medical condition or injury.

All required information for the safe conduct of flights and the maintenance
of Fokker F27 Mk.050 aircraft was current and available.

The crew approach briefing for a non precision approach to Sharjah
Runway 12 VOR/DME stated non-published approach chart figures for
final approach track and minima.

Just prior to intercepting the final approach in day VFR conditions the
Captain advised the First Officer to fly the approach. The First Officer
either for cultural or professional reasons, stated that he did not consider
himself capable or prepared for this approach.

The First Officer flew the approach adequately in azimuth but high on the
descent profile; at least 60 kt fast initially and not configured correctly in
accordance with the SOPs.

The flap 10, flap 25 and landing gear were lowered above their respective
limiting speeds, as described in the AOM and SOPs to decelerate the
aircraft,

The selection of the landing gear down deactivated the second safety device
(solenoid secondary stops) for a period of 16 sec. This was a known
abnormality associated with an unmodified Skid Control Unit as fitted to
this aircraft.



(m) Therc was no legal requirement for the Skid Control Unit to be modified
however an Airworthiness Directive was in effect for modification of the
Skid Control Unit with a future compliance date of 31 May, 2004

(n)  The Captain took over during the final approach and shortly afterwards, the
ground range selectors were lifted and the power levers momentarily moved
from the flight idle position through the mechanical stop to the ground
conirol range at a time the secondary (automatic) stop was not available.
This action was not in compliance with the Standard Operating Procedurcs
and Aircraft Flight Manual warning.

(0}  The pitch on both propellers moved rapidly into a ground control range to
an undetermined blade angle but considered to be approximately +3
degrees.

(p) The aircraft pitched down most likely due to a combination of disrupted
airflow created by the propeltlers over the wing and tailplane and altered
aerodynamic moment effects. The asymmetric propeller drag effects
induced and maintained a roll to the left.

(q) Within 2 sec of the commencement of the event, the power lcvers were
moved back into the flight control range to the take off setting. Due to the
unpredictable propeller behaviour within the ground control range in flight,
movement of the power lever to the flight control range would have little
initial effect on the movement of the propeller pitch towards the flight
control range.

(ry  The lefi propeller pitch continued to move to a full reverse position due to
resultant negative blade twisting moments, localized forces and a lack of oil
pressure hydraulic effect. It remained in a full reverse position until impact.
The right hand propeller pitch gradually moved from the ground control
range towards the flight control range as permitied by the resultant positive
blade twisting moments, localized forces and hydraulic effect.

(s) The aircraft descended in an extreme nose low left bank attitude until
impact.

(ty  The aircraft crashed 2.6 nm from the runway onto an unprepared sandy area
adjacent to a road and residential buildings. The aircraft broke apart on

impact and a fire started immediately.

(u) The Crew Resource Management training provided by the operator did not
promote good flight deck communication and actions on this occasion.

(v) The training and awareness programmes and other defences provided by the
operator did not protect against human failures.

(w) The Civil Aviation Organization’s safety oversight of the operator’s
procedures and operations was adequate.
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(x) Evidence and information regarding this flight would have been enhanced
had a crash-protected image recorder been installed

Cause

During the final approach, the power levers were moved by a pilot from the flight
idle position into the ground control range, which led to an irreversible loss of
flight control.

Contributory Causes

By suddenly insisting the First Officer fly the final approach, the pilot in
command created an environment, which led to a breakdown of crew resource
management processes, the non observance of the operator’s standard operating
procedures and a resultant excessive high approach speed.

An attempt to rectify this excessive high approach speed most likely resulted in
the non compliance with the Standard Operating Procedures and the movement of
the power levers below flight idle into a prohibited regime.

The unmodified version of the Skid Control Unit failed to provide adequate
protection at the time of the event.



4.1

4.2

4.3

4.4

RECOMMENDATIONS

The Dutch Transport Safety Board and Civil Aviation Authority is recommended
to note the circumstances of the accident.

The Civil Aviation Authority of The Netherlands is recommended to ascertain the
modification status of the Skid Control Unit of all Fokker £27 Mk.050 aircraft
and to strongly urge non-compliant operators to modify the Skid Control Units.

The Iranian CAO is recommended to ensure Kish Airline ptlots are made aware
of the pertinent contents of this report and to ensure initial and recurrent training
stresses the prohibition on the use, or attempted use, of the ground control range
in flight.

[ICAQ is recommended to consider the installation of crash-protected 1mage
recorders on aircraft used in commercial air {ransport operations.
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APPENDICES

SHARJA}H APPROACH PLOTS

ATC TRANSCRIPT

CVR TRANSCRIPT

REPORT ON CVR SPECTRUM ANALYSIS

DFDR GRAPHS

DOWTY PROPELLER REPORTS AND ANALYSIS

ACCIDENT PHOTOGRAPHS

DOCUMENTATION (Not included - GCAA use only)
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The following transcript was made from the ATC tapes at Sharjah International Airport for Sharjah Tower (TWR) on 118.6 MHz. The
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ATC TRANSCRIPT APPENDIX 2

only aircraft are IRK 7170 (Kish Air) and MPH 555 (Martinair).

|

. o . . . R SR )
. ...and Martinair Five Five Five, your squawk is...ah...Zero Five Two One and there's -
'| 7:35:59 TWR 1186 traffic landing One Two. You can expect departure behind him.
B 7:36:07 MPH 555 118.6 Roger, Zero Five Two One on the squawk.
: . : . )
23613 IRK 7170 118.6 ?Cvirjah Tower, Kishair Seven Cne Seven Zero good morning , established VOR One
36:90 TWR 118.6 Kishair Seven One Seven Zero Sharjah good morning. QNH One Zero Two Two, j
7:36. ) surface wind is calm. You are cleared to land Runway One Two.
7:36:27 IRK 7170 118.6 One Zero Two Two, cleared to land Runway One Two, Kishair Seven One Seven Zero.
T
7:38:16 TWR 118.6 And Martinair Five Five Five, the landing traffic in sight, F Fifty, line up and wait behind.
7:38:24 MPH 555 118.6 After traffic, line up and wait behind, Martinair Five Five Five.
. Martinair Five Five Five, the aircraft is going down...ah...a few miles before the runway.
7:38:30 MPH 555 1186 There's some big flames .
e Martinair Triple Five, he's...ah...he's crashed Sir...two or three miles short of the
7:38:38 MPH 555 118.6 runway...the Falcon Fifty.
7:38:44 TWR 118.6 OK, I've got it.
7:32.09 MPH 555 118.6 Martinair Five Five Five is holding short.
7:39:16 TWR 118.6 Martinair Five Five Five, you can line up and wait...ah...Runway One Two.




UAE Coooral Civil Aviatior Autiority

a2 o 1o dia g go ol sild
il allght i Bdololldar,

07h32min16s

07 h32min25s

07h32min33s

Dubai Arrivals good morning
Emirates eight six three Airbus
A three three two passing one
nine four for ten thousand feet
BUBIN two victor arrival

Emirates eight six three Dubai
arrivals good day descend to
altitude eight thousand feet no
ATC speed restrictions..
information Yankee QNH one
zero two two confirmed

Descend to altitude eight
thousand feet QNH one zero
two two Emirates eight six
three

APPEND]
UTC time Captain First Officer ATC Sounds Observations

07h08min35s Start of recording
07h32min00s Start of transcript
07h32min03s We are commencing Translated from Farsi

approach.... we do

not need fo increase

power
07h32min09s This power setting is Translated from Farsi

enough
07h3Z2min12s You're flying Translated from Farsi
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07h32min16s

07h32min25s

07h32min33s

Dubai Arrivals good morning
Emirates eight six three Airbus
A three three two passing one
nine four for ten thousand feet
BUBIN two victor arrival

Emirates eight six three Dubai
arrivals good day descend to
altitude eight thousand feet no
ATC speed restrictions..
information Yankee QNH one
zero two two confirmed

Descend to altitude eight
thousand feet QNH one zero
two two Emirates eight six

three

APPET
UTC time Captain First Officer ATC Sounds Observations
07h08min35s Start of recording
07h32min 00 s Stant of transcript
§ 07h32min03s We are commencing Translated from Far
approach.... we do
not need fto increase
power
07h32min09s This power setting is Translated from Far
enough
07h32min12s You're flying Translated from Far
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APPENDIX 3
UTC time Captain First Officer ATC Sounds Observations
07h33min43s Dubai Arrivals good morning
Gulf Air six zero two overhead
MIADA nine thousand feet
07h33min47 s Gulf Air six zero two Dubai
Arrivals good day descend to
altitude two thousand five
hundred feet speed two fifty
knots or greater on the MIADA
one victor arrival information
Yankee QNH one zero two two
07h33minb0s Because ! haven't Translated from Farsi
done this type of
approach a lot
07h34 min01s You've had Translated from Farsi

07 h34 min03s

07 h34 min09s
07 h34 min18s

enough training.
you'll learn how
to do ft.. don't
worry

We have Yankee two
thousand five hundred feet
QNH one zero two two speed
two fifty Guif Air six zero two

Gulf Air six zero two just
confirm MIADA one victor
arrival

Sounded friendly




" UAE Goneral Civil Aviation Autnority

g a1 ta,y oo il e—
tninglighiblasinl

07h34min03s

07h34min08s
07 h 34 min 18 s

enough training.

you'll fearn how
fo do it. don't

worry

We have Yankee two
thousand five hundred feet
QNH one zero two two speed
two fifty Gulf Air six zero two

Gulf Air six zero two just
confirm MIADA one victor
arrival

A3

APPE
UTC time Captain First Officer ATC Sounds Observations—
07h33min43s Dubai Arrivals good morning
Gulf Air six zero two overhead
MIADA nine thousand feet
07 h33min47 s Guif Air six zero two Dubai
Arrivals good day descend to
altitude two thousand five
hundred feet speed two fifty
knots or greater on the MIADA
one victor arrival information
Yankee QNH one zero two two
07h33mins0s Because [ haven't Translated from Far——
done this type of
approach a lot
07h34min01s You've had Translated from Far

Sounded friendly
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AT UTC time Captain First Officer ATC Sounds Observations

07 h 34 min 18 s

07h34 min20s

07 h34 min27s

07 h34 min30s

07 h 34 min40 s

07 h34min41s

07h34mind3s

07 h 34 min 55 s
07h34 min59s

07h35min07 s
07 h35min09s

Tell him
established

Anyhow we are
not yet
established

Why did you
select NAV?

Come lo the left

Turn left during
approach...we
have fo select
MAP

Yes we are

We have been
cleared for approach
S0 we could descend
fo two thousand feet

Doesn’t follow if you
use heading

Why does it go out of
selected position?

We are closing final

OK MIADA one victor arrival
Gulf Air six zero two

A3

Translated from Farsi

Translaied from Farsi

Translated from Farsi

Translated from Farsi

Translated from Farsi

Translated from Farsi

Translated from Farsi

Translated from Farsi

Translated from Farsj

Translated from Farsi
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Condd ol b |l
UTC time Captain First Officer ATC Sounds Obser
going to
intercept.. stay
there to
intercept.. lets
intercept and
finish
07 h 35 min 35s Kish Air seven one seven zero,
contact Sharjah Tower one
one eight six, good day
07h35min38s =>0One one eight six
Kish Air seven one
seven zero good day
07 h35min49s Should | contact Translated fi
Sharjah Tower
myself?
07h35min52s OK I will contact Translated fr
07h35min59s Don't go further Translated fi
left... wait until
further capture

07h35min59s

07 h36min07s.

Martinair five five five your
squawk is ..ah .... Zero five
two one and there’s landing
traffic one two...you can
expect departure behind him

Roger zero five two one on the

sguawk

A3
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APPE]

UTC time

Captain

First Officer

ATC

Sounds

Observations

07h36mMin13s

07h38min20s

07 h36mn27s

07 h36min35s

07 h36 min 36 s

07 h 36 min 36 s

=>Sharjah
Tower, Kish Air
seven one
seven zero
good morning,
established
VOR one two

=>0ne zero two
two cleared to
fand runway
one two, Kish
Air seven one
seven Zero

Cleared to land
one two

After eight DME
according fo the
chart we have
fo maintain two
thousand feet...

Kish Air seven one seven zero
Sharjah good morning QNH
one zero two two surface wind
is calm.. you are cleared to
land runway one two

A3

(@)

Sound similar to alti
alert

Translated from Fai
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UTC time Captain First Officer ATC Sounds Observations—
then descend to
nine hundred
feet up to four
DME
07 h36 min40s Four DME Translated from Far=
07 h36 min42s Four DME Translated from Far—
cleared to nine
hundred feef
07 h36min45s Set nine Translated from Far—
hundred
07h 36 min 46 s ! set nine Translated from Far—
hundred...OK
07 h 36 min 54 s Nine hundred
07h 37 min29s (@) Sound similar to aiti==
alert
07 h37min30s One thousand Translated from Far—
07 h37min31s (@) Chime sound of aute=s
pilot disconnect
07 h37 min44 s Four DME Translated from Fars
07 h37min 54 s OK, flap 10
07 h37min57s (@) Sound similar to flag
lever
07 h 37 min 58 s Landing gear down (@) Sound similar to initi.

landing gear lever
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UTC time

Captain

First Officer

ATC

e e e

Sounds Observations

07h38min01s

07h38min03 s
07h38min05s
07 h38 min 06 s
07 h38min07s

07 h38min08s
07h38min10s

07h38min12s

07h38min12s

07 h38min14s
07h38min15s
07 h38 min 16 s
07h38min16 s

With me

! will give it back
to you

Why! (or woe
betide us)

Fush it forward!

Can't raise it

| will make it

okay

movement

(@) Sound similar to wind
noise when landing gear |
doors open

(@) Sound similar to flap
lever

Translated from Farsi
Translated from Farsi
(@) Triple chime sound

Translated from Farsi

Translated from Farsi

(@) Triple chime sound ‘
ceases ‘

Sound of increasing ‘
propeller noise

Translated from Farsi

Unidentified click
Translated from Farsi
(@) Unidentified click
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07 h38min33s

A3

APPE]
UTC time Captain First Officer ATC Sounds Observations

07h38min16s Religiots Translated from Far
exclamation

07h38min17s @) Unidentified click

07 h38min18s Mayday, mayday, Not transmitted

mayday

07 h38min18s Religious Translated from Far
exclamation

07 h38min 19 s (")

07h38min21s (@) Continuous sound s

to GPWS

07 h38min 21s Religious Translated from Far
exclamation

07 h38min24s Religious Translated from Far
exclamation

07 h37min26 s Mayday, mayday, Not transmitted

mayday

07 h 38 min 28 s Religious Translated from Far
exclamation

07h38min29s Religious Translated from Far:
exclamation

End of recording
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B CVR Analysis Final Report

Accident
on February 10",2004
near Sharjah Airport
fo the Fokker 27 Mk 50
registered EP-L.CA
operated by Kish Airlines

_F

NISTERE DE L'EQUIPEMENT, DES TRANSPORTS, DU LOGEMENT, DU TOURISME ET DE LA MER - BUREAU D'ENQUETES ET D'ANALYSES POUR LA SECURITE DE L'AVIATION CIVILE
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INTRODUCTION

On February 10th, a Fokker 27 Mk 50 registered EP-LCA operated by Kish Airlines
crashed during approach to Sharjah airport, UAE. Both flight recorders were brought
to the BEA for read-out and analysis of their contents.

Given the circumstances of the accident, a CVR analysis was performed in order to
identify the noises recorded on the CVR during the last minute.

A first set of reports was published. Nevertheless, in the light of new filtering that set
is replaced by the present document.

2 COCKPIT VOICE RECORDER

The Fokker 50 was equipped with an A100-A type Cockpit Voice Recorder,
manufactured by Fairchild. It contains 4 recording tracks that record the last thirty
minutes of flight.

'E RECOK
DEL A100.
e

e e R A T —
e :

Figure 1: Read-out of PN (93-A100-80) & S/N (62252)

2.1 A-100 CVR description

In order to offer a better understanding of the analyses presented in this report, the
following provides a description of the architecture of the CVR as well as the way it
works.

Figure 2(a) (b): CVYR A100-A with magnetic tape. On the right, an open recorder

A4-3
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Note: The CVR shown in the pictures in this section is not the one that was involved
in the accident at Sharjah airport on February 10" 2004

Protected module (

Figure 3: Internal architecture of the recorder

The protected module:

Recording tape mechanism

i

Steel protection

Figure 4(a) (b). Overview of the protected module with the tape inside

The next picture represents and explains the recording proCéss and the path the
tape is driven through.



IAFmsing solenoid J

A Motor

Capstan

H00¥an

? Recording head

Monitoring head

J Erasing head

Figure 5: View of the Recording tape mechanism

As shown on the above picture, the tape first goes through an erasing head, then a
recording head. The reading head is used to monitor the quality of the previously
recorded signal.

The continuous recording system uses a loop tape. The latter is passes through the
reel hub of where the oldest information is stored, goes through the three previously
described heads, and is then re-wound on the reel rim of.

On this model of CVR, the tape speed is about 4.25 cm/s. The erasing head and the
recording head are about 1.5 cm from each other. (i.e. about 1/3 sec). The recording
head and the erasing head are about 2 cm from each other.

CVR read-out and copy

This magnetic tape recorder has a 30-minute recording ability on four simultaneous
tracks. The tape was extracted, cleaned and transferred onto a new reel before read
out. During the read out, the reading speed was adjusted using the 400 Hz electrical
noise interference produced by the 115V/400 Hz power of the aircraft. The speed
was then improved using the FSK signal used to code UTC time on one of the tracks
of the CVR. It was not possible to read this UTC time correctly but it was possible to
display the time between two beeps, which should be equal to 4 s.

Ad-5
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A digit_al copy was made during the first read out. A display of the four tracks of the
recording in the last minute using the Samplitude software is shown in Figure 6.

—_—

Fgure 6: Display of the four tracks of the CVR

3. BACKGROUND

Introduction

The aim of the requested analysis was to determine the origin of different sounds
recorded on the CVR in the last minute inciuding whether or not a sound could be
identified as the throttle levers being set to the Ground Idle position.

in order to perform this analysis, the recorded sounds and noises were compared to
an archive database of sounds recorded by BEA. This database was constituted
during a previous Fokker 27 Mk 50 accident investigation in which tests were made
and two Fokker 27 Mk 50’'s were used to record sound samples in the cockpit.
During these tests, a similar CVR was used: an A100 manufactured by L3-
Communications. Tests were carried out on the ground.

Fog further details on this database, please refer to BEA document CVR-2002-BVD-
03

' This document can be found as an appendix to the final report concerning the accident to the Fokker 50 registered LX-LGB in
Luxemburg on Novermnber 6™ 2002 This repart is available for download at weew. lal T RInews.
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3.2 Protocol

The analysis was carried out in three separate steps. First of all, since two recorders
were compared on two separate aircrafts in different conditions, a comparison was
made in order to characterize background noises on each recording.

Second, the target sound is compared to a reference sound recorded in the BEA's
database.

Finally, factual results were analysed with FDR data and compared with the
circumstances of the accident.

3.3 Beckground noise

Whereas the target sounds were recorded in flight, the database is based on ground
tests. As a result, a first comparison is made with background noises.

The nexi figures represent the background noises in both aircrafts in the time-
frequency domain.

gur . -requecyrepentafonfthecroud noise
aircraft, CAM channel

Bl o —

?b}.‘ Time—Frequcy representation of the background noise on EP-LCA
aircraft hot-mike channel

A4-7
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Frgure 7(c). Tfme Frequy representafron of the backgrund noise on the
reference aircraft

Figures 7(a), 7(b) and 7(c} illustrate the significant background noises between EP-
LCA and the reference aircraft. Because of differences in the environments existing
during the two recordings, we can see that the EP-LCA recording is much noisier
than for the reference aircraft. This is due to the fact that reference recording was
made on the ground. Moreover, on each aircraft, the interference produced by the
115 V / 400 Hz power supply can be more or less present on the CVR, depending
on nhow good the electrical cabie insulation is. As a result, on some aircraft,
interferences are produced at 400, 800 and 1200 Hz. The amplitude of those spikes
IS much higher in the case of EP-LCA as shown in the frequency domain with figures
8(a) and 8(b).

:gureB(a) Frequeny representanon of a‘ne backrod noise for EP LCA a:rcraft
CAM channel

FlgureB(b} Frequency represenz‘aﬁon of the background noise for reference aircraft

As explained previously, amplitudes are significantly different between the two
recordings as EP-LCA was flying.
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3.4 Quality of recording

On an aircraft equipped with interphone and hot-mike functions, the mouth
microphone acts as a cockpit area microphone and records the surrounding noises
allowing spectrum analysis. On tracks one and four, with this mouth microphone
recording, it is possible to hear the sounds of selectors.

The quality of this track is better than on the Cockpit Area Microphone track, polluted
by the 400 Hz and harmonics. This pollution prevents the use of the CAM for
spectrum analysis. Nevertheless, all the BEA’s database was created through CAM
recordings well protected from 400 Hz interferences.

This cockpit area microphone records sounds from the air and through the structure.
In the case of the hot-mike recording, only sounds from the air are present. The
difference is shown on the analysis of a sound recorded on both cam and hot-mike
channels.

fu b).' oo ieFequ reentation of a noise: Hot-mike channel

A4d-9



APPENDIX 4

F.-'re 9(e)(h): Freqcy repres
and hot-mike channel (right)

————d ———— e

ntations of the sae noise:; CA channel !eft}

The above two figures show the limits of the analysis due to the recording
differences between the hot-mike channel and the CAM channel. The same noise
recorded on both fracks gave different spectra.

Track 1 will then mainly be used for the analysis of sounds, even if the recording
source is different from the data base recording source. Thus, analyses were carried
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out on the target noises, though one must remember to take into account those
recording differences.

Though the target noises have been compared with several possible noises from the
database, only the most relevant and consistent one is reported here. Consequently,
all the comparisons (such as flaps noise, taxi light noise, etc.) carried out to identify
the target noises do not appear in this report.

3.5 CVR/FDR synchronization

The table below lists all the events (VHF communications and Auto Pilot disconnect)
used to perform the CVR/FDR synchronization. Moreover, lengths of VHF
communication have been used to improve this synchronization. We can consider
that synchronization is accurate when the CVR time of an event is within the second
before the time of the equivalent activated parameter. Synchronization with ATC
communications and the FDR was performed based on ATC time. The last
communication from the aircraft to Sharjah tower was used as a reference time for
both recorders.

Some events, such as sounds of selectors, to analyse and some parameters like
propeller jow pitch, are added to the list. The synchronization is displayed as a graph
on figure 10 where some engine parameters and selector sound are indicated.

Event FDR time CVR Time
B VHF communication | 07n23min3155 | 07h23min31.05
VHF communication 07h24min145s | 07 h24min 13.9s
L:_. VHF communication 07h24min275s | 07 h24min 27.3 s
VHF communication | 07 h 29 min 22.5 s | 07 h 20 min 22.1 5
B VHF communication " 107h35min38.5s | 07 h 35 min 38.0 s
o VHF communication 07h36min13.5s | 07h 36 min 12.8s
}/HF communication 07h 36 min28.5s F07 h 36 min 28.2 s
Auto Pilot disconnect 07h37mind49.4s | 07 h 37 min 486 s
T_- Sound of selector _ 07 h 37 min 56.4 s
Flaps Position 07h37min576s
Sound of selector ] 07 h37min57.7 s
3 Sound of selector ] 07h38min01.4s
T Series of three single chime . 07h38min06.7s
- Thump sound 07 h 38 min 06.9 s
Series of three single chime 07 h 38 min 08.6 s
Sound of selector 07 h38min11.3s
Low pitch left on FDR 07h38min11.6s
][_‘ Low pitch right on FDR 07 h38min 126 s

Ad-11



APPENDIX 4

Sound of selector

07 h38min 126 s

Sound of selector

_View of GPWS warning until the end

- &

LO? h38 min14.1s
07h38min21.0s

Sound of selector

07 h38min236s

—

-

End of recording

07h38min29.0s

07 h 38 min 30.2 s |
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2.& Estimation of the propellers’ RPM

This anzalysis was also a weay of checking the consistency of the values exiracted
from FDR data.

To determine the aircraft's engine parameters, it is necessary to know the
characieristics of those engines (i.e. rotation speed of the propeller at 100% and the
number of blades).

In this case, we had: RPM propeller = 1200 RPM = 20 RPS = 20 Hz
Number of blades =6

.....

Fire‘f.‘ Evolutio of e aircraft proeller noise

Thus, the noise of the propeller should appear on the spectrum analysis at
lﬂ»wpw‘u‘rrZZOf[ZX6b1’(2‘d€..§:120]’[2 for 2 nominal om (100%)
From this result we can then determine the engine over-speed.

The comparison with FDOR data is shown on the following graph with the extraction of
the rotation speed of the oropeller made from the Teuchos software for spectrum
analysis (blue line), and data supolied by the FDR (plot x for right engine and plot +
for left engine):

Ad 1A
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3.6 Estimaticn of the propeliers’ RPM

This analysis was also a way of checking the consistency of the values exiracted
from FDR data.

To determine the aircrafts engine parameters, it is necessary to know the

characteristics of those engines (i.e. rotation speed of the propeller at 100% and the
number of blades).

In this case, we had: RPM propeller = 1200 RPM = 20 RPS = 20 Hz
Number of blades = 6

atiort ofthessound of

T

ngreﬂ: Evolutio of e aircraft proHer noise

Thus, the noise of the propeller should appear on the spectrum analysis at
_/{;'“"*.‘Fr."fL\--ZQO[']ZXGb.{ades:|20H2 for a nominal rpm (100?0)
FFrom this result we can then determine the engine over-speed.

The comparison with FDR data is shown on the following graph with the extraction of
the rotation speed of the propeller made from the Teuchos software for spectrum
analysis (blue line), and data supplied by the FDR (plot x for right engine and plot +
for left engine):
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Synchronisation CVRFDR propeller speed of rotation

110,60 + — —_ — o e
&L - e R . i e

100,00 x.m LR i
('-'."-'k ™

85,00 . : o M .

80,69 +

85,00 | 4¢ - he - T o e L T b SE . L.

80,00 1 : - . e : S _—

Percentage

75.00 N +
70,00
65.00

60,00 -
38:10.c0 38:15,00 38:20,00 38:25.00 38:30.00

Time
Figure 12: CVR/FDR synchronization of the propelfler speed of rotation

From audio recording alone, it is not possible to differentiate between the left and
right propellers. This can be achieved by comparison with the information coming
from FDR data. Such comparisons ailowed us to determine that only the sounds
from the right propelier are visualized by the spectrum analyser in figure 12. This is
consistent with a noisy engine in over-speed.

4 ANALYSIS OF THE RECORDING

4.1 Target Noise at07 h37 min 56 s

This sound of a selector appears just after the request for "Flaps ten”. Comparison
with the flaps activation on the BEA data base allows us to conclude that this sound
is similar to the movement of the flaps selector lever.

4.2 Target Noise at07 h37 min 57 s

This sound of a selector appears at the same time as the request for “Gear down”.
Comparison with gear activation on the BEA data base allows us to conclude that
this sound is similar to the movement of the landing gear lever.

4.3 Target Noise at07 h38 min01s
The following figure 13(a) shows a spectrum analysis of the target noise.

A4-15
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Figure 13(a). Time- Frequeﬂcy representation of rhe target noise r@corded at 07 h 38
min 07 s

As is seen in this figure, the noise to be identified is made up of 4 separate sounds.
The last sound on the right of the figure is actually an FSK signal used to code UTC
time recorded by diaphonic.

The spectral analysis in figure 13(b) was obtained with the noise of the ground idle
stop being switched to “off”, from BEA's database.

Fi fgure 1 3{b).‘ Tfme Frequency representanon of the groud fdfe stop sthched OFF

This test noise presents a similar pattern with the noise to be identified, with four
separate sounds. Moreover, when heard by a human ear, they sound similar.

However, several differences can be noticed between those two noises:
v~ Duration of each sound
Ve

Target noise on EP-LCA Reference noise from database

Length of 1% half = 0.058 sec Length of 1% half = 0.092 sec
Length of 2™ haif = £.090 sec Length of 2™ half = 0.062 sec
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The total length of the noise is not relevant here since the kinematics of this ground
Idle stop switch includes a translation between the twe positions. This motion can be
fast or slow, depending on the way the switch is being moved by the operator.

v" Frequency characteristics:

Thfa figures 14(a) and 14(b) are frequency representations of the two previous
noises:

i
i
(a).' Frequency reresentation of the target noise for EP-LCA aircraftt
yellow line is a cursor and does not have any function or meaning here)

Figure 14(b): Frequency representation of the ground idle stop being switched OFF
(the yellow fine is a cursor and does not have any function or meaning here)
Thus, even if the two noises can sound and appear similar, differences in frequency

and timing do not make it possible for us to reach a positive identification of the
target noise as the activation of the ground idle stop switch.

Nevertheless, after several listens to this noise the acoustic perception sounds
similar to the sound identified at 07 h 37 min 56 s, the latter being the noise
produced by the flaps lever movement.

There is no call for flaps twenty-five selection, however the flaps position parameter
reaches the value of twenty-five after an inflexion around ten degrees at 07 h 38 min
01 s. The acoustic perception and parameter analysis may suggest that this sound is
similar to flaps lever movement.

4.4 Target Noises at07 h 38 min 06 s

The sound is similar to a thump on the fuselage when the doors of the landing gear
are closed after gear extension. A similar sound was extracted from a standard
flight. The duration between the command of the gear extension and this sound in
both cases was around 10 seconds.
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4.5 Target Noise at 07 h38 min11s
The following figure 15 shows a spectrum analysis of the target noise.

i Leigrtr
AT

Figure 15 Time-Frequency representation of the target noise to be identified on EP-
LCA aircraft

The analysis revealed a noise recorded at 07 h 38 min 11.3 s. This noise is very
faint on the CVR recording and is barely visible on a spectral analysis that had to be
manually programmed and computed with separate software in order to reveal it.
Due to this very low acoustic signature, no detailed spectral analysis could be
computed and compared with our database of previously analysed noises.

Nevertheless, a trial was performed in October 2004 on a similar Fokker 50 with a
hand microphone recording. The new sounds recorded on the database led to the
hypothesis that the faint noise at 07 h 38 min 11.3 s is consistent with the ground
range selectors being lifted. The throttles don't seem to be moved to a locked
position with noise like “take-off”, “flight idle” or “ground idle” positions.

A change was simultaneously heard in the engine noise recorded on the CVR: the
propeller rotation speed was increasing. FDR data show that at the same time the
propeller RPM speed increased, as both propellers reached the Low Pitch
configuration.

4.6 TargetNoiseat(7 h38min12s
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LCA aircraft

The analysis revealed a noise recorded at 07 h 38 min 12.6 s. This noise, made of
two separate sounds, is very faint on the CVR recording and is barely visible on a
spectral analysis that had to be manually programmed and computed with
separate software in order to reveal it. Due to this very low acoustic signature, no
detailed spectral analysis could be computed and compared with our database of
previously analysed noises.

From the same test performed in Octeber 2004 on a similar Fokker 50 with a hand
microphone recording, the faint noise at 07 h 38 min 12.6 s also appears to be a
movement of the ground range selectors, which are perhaps being released.

4.7 Target Noise at 07 h 38 min 14 s
The following figure 17{a) shows a spectrum analysis of the target noise.

ngure Time- requencyeprest:‘o of the tget noise to be idd on
EP-LCA aircraft

The noise recorded at 07 h 38 min 14.1 s is similar to a throttle lever movement to
the stop. It was not possible to determine the final position of the throttle from
spectral analysis alone. The “take-off”, “flight Idie” and “ground idle” positions are
three possibilities. Synchronization with the evolution of the high pressure turbine
parameters from the FDR seems to indicate that only the "take off’ position being
reached by the throttles.

4.8 Spectral visualization of GPWS warning at 07 h 38 min 21 s

It was possible to hear, when the pilots were not talking, a GPWS warning “whoop
whoop pull up” from 07 h 38 min 21 s until the end of the recording. This message
was played back by the synthetic voice of the aircraft. The issue was to determine
when the GPWS warning started. The spectral analysis of this signal is typical and it
was decided to check if it was possible to see the acoustic signature before listening.

The representation below shows the acoustic signature where the first signal seems

to appear at the same time as the listening. Due to the automatic controt of gain the
synthetic voice may appear before but could be hidden by the pilot's voice.
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Target Noise at 07 h 38 min 23 s
The figure 22(a) represents a spectrum analysis of this noise.

HI.“ I

—_—
e

L

|[

_—

Jgure 22(a): Tfmequency aaiys:s of the noise recorded at 07 h 38 min 23 s

As a camparison, the next figure represents a previous noise analysed at 07 h 38
min 14 s.

igure 22(b: Tfme—Frency aatysfs of the noise recorded at 07 h 38 min 14 s
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As seen in the above two pictures, both noises at 07 h 38 min 23 s and 07 h 38 min
14 s present the same shape: they are made up of three separate sounds. In both
cases, the first sound has more energy than the next two ones. Similarly to the noise
recorded at 07 h 38 min 14 s, this noise is similar to the throttie levers movement.

5 CONCLUSIONS

it is important to keep in mind that the selectors, during the tests carried out by the
BEA, could be moved without producing any noise (e.g. the case of the ground idle
stop). Moreover, the selectors could be moved in many different ways, producing
different signatures. One must also remember that human perception of the noise is
an important aspect of its analysis.

It has been pointed out in this report that the hot-mike channe! was used for the
spectrum analysis. It has been shown that there are differences in spectrum analysis
when sounds are captured by the cam or the hot-mike. The BEA's database was
improved with a hand microphone recording. The acquisition system was not
identical but similar in principle without the part of waves travelling trough material.

Some of the noises compared present similarities in their shape and sound with the
BEA database. Based on pure acoustic considerations, due to timing and frequency
similarities between signatures, it was possible reach a positive conclusion on
identification of the target noises. Moreover synchronization with FDR data led us to
confirm hypotheses, especially regarding throttle movements.

The conclusions reached were as follows:

Event CVR Tim_e
_ Auto Pilot disconnect 07 h 37 min 48.6 s#
| Sound similar to Flaps handle operation | 07 h 37 min 56.4 s
il Sound similar to L/G handle operation 07 h 37 min 677 s |
Sound similar to Flaps handie operation 07h 38min01.4s
Series of three single chime 07 h38min 086.7 s
Sound simitar to L/G doors locking 07 h 38 min 06.9s
- Series of three single chime 07h38min086s
Sound simifar to ground range selectors being lifted 07h38min11.3s
Sound similar to ground range selectors being released 07h38min 12.6s
Sound similar to throttle lever movement 07h38min14.1s
Visuaiization of GPWS warning 07h38min21.0s
Sound similar to throttle lever movement 07 h 38 min 23.6s
- End of recording 07 h 38 min 30,2 s
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APPENDIX 5

EP-LCA

Fokiior 50 - Kish Airlines Sharjah (UAE) - Fabruary 10, 2004
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Fokker F27 Mk 050 EP-LCA Approach 5-22-03
Accident
10™ February 2004 ISSUE 2 | PAGE 1 OF 18

Propeller Tear Down Report

SUMMARY
it was reported that a Fokker 50 aircraft operated by Kish Air crashed on the approach to
Sharjah airport, United Arab Emirates on 10" February 2004. There was a severe and
intense post impact fire.

Propeller, type number R352/6-123-F/1 serial number DRG/9401/87 was reported to have
been removed from the left hand powerplant and propeller, type number R352/6-123-F/2
serial number DAP 0044 was reported to have been removed from the right hand
powerplant.

The tear down was conducted at Dowty Propellers Repair and Overhaul facilities at
Gloucester on 31% March 2004 under the direct supervision of Mr Philip Smith,
Investigator-in-charge, General Civil Aviation Authority United Arab Emirates. Although
both propellers had sustained significant impact damage, it is considered that both
propellers had been built correctly using the specified components and that both
propeilers were capable of correct operation up to the moment of first impact.

The left hand propeller was found to have impacted the ground in a reverse position, -18°
and the right hand propelier was found to have impacted the ground at a blade angle of
approximately +15°.

Visual examination of the returned control equipment and limited testing of the right hand
PCU suggests that the equipment was capable of correct operation up to the impact.

DISTRIBUTION

United Arab Emirates GCAA

M. H. Burden — Technical & New Projects Director
J. D. Kemp — Chief Engineer
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DEPARTMENT: Technical Support

The original signed master of this document is held at Dowty Propellers, Anson Business
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1. BACKGROUND

A Fokker 50 aircraft operated by Kish Air was reported to have crashed on the approach
to Sharjah airport, United Arab Emirates on 10" February 2004. There was a severe and
intense post impact fire.

Propeller, type number R352/6-123-F/1 serial number DRG/9401/87 was reported to have
been removed from the left hand powerplant and propeller, type number R352/6-123-F/2
serial number DAP 0044 was reported to have been removed from the right hand
powerplant.

The tear down was conducted at Dowty Propellers Repair and Overhaul facilities at
Gloucester on 31% March 2004 under the direct supervision of Mr Philip Smith,
Investigator-in-charge, General Civil Aviation Authority United Arab Emirates.

2.  INVESTIGATORS FEEDBACK

Analysis of the Flight Data Recorder and use of a simuiator indicated that the aircraft was
flying at 200 knots at a range of 3 miles from touchdown compared with the usual
approach speed of 135 knots.

Spectrum analysis of the cockpit voice recorder had indicated that the pilot had puited the
power levers back through the gate during approach and the beta light illuminated after
the landing gear was lowered. The aircraft entered a nose down attitude of 25 degrees
and a bank angle of 35 degrees, which resuited in the ground impact.

Approximately 17 seconds later, the left wing tip hit the ground, followed by the left
powerplant and the nose, prior to the breaking up of the fuselage. The aircraft was almost
totally destroyed by fire after the impact.

The left-hand propeller was burnt and was removed with part of the gearbox still attached.
The right hand propeller detached during the impact and was found approximately 50
metres from the main wreckage in a direct line down the starboard wing. There was no
fire in the area of the right hand propeller.
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3.  PROPELLER EXAMINATION
3.1 Left hand propeller examination

The left-hand propeller had suffered from fire damage and so was identified from the

logbook as DRG/9401/87. The propeller was returned still attached to part of the gearbox
assembly.

Propeller condition upon receipt & after removal from the gearbox

External examination of the counterweight position, using prepared acetates of the various
counterweight centreline angles relative to the plane of propeller rotation, indicated that
the left-hand propeller was approximately in a reverse position, -18°, Using a depth
micrometer to establish the as-found position of the piston indicated a blade angle of
approximately -15°. The result of the inspection reflect the as found condition for the
blade angle and it should be noted take into account any post impact movement and

potential movement during subsequent recovery and transportation.
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Examination of impact marks on the crosshead and the blade op-pins butts are
considered to be a reflection of the blade angle at the point of initial impact of the propeller
blade. The marks indicated a blade angle of approximately -18°.
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3.2 Right hand propeller examination

The right-hand propeller had broken off at its rear hub wall leaving the attachment spigot
and holts still fixed to the engine flange. it was identified as DAP 0044

Propeller condition upon receipt

3
Ny
i
'

External examination of the hub and six blade/counterweight positions showed three had
become detached and the remaining blade angles ranged from +15° to +27°
Measurement of the as-found piston position indicated a blade angle of approximately
+17° These examinations reflect the as found condition for the blade angle which takes
into account post impact movement and potential movement during subsequent recovery
and transportation.,
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Examination of impact marks on the crosshead and the blade op-pins butts are
considered to be a reflection of the blade angle at the point of initial impact of the propeiler
blade. The marks indicated a blade angle of approximately +15° for the right hand
propeller.

3.3 Blade angle measurement accuracy

Based upon observation and previous experiences, Dowty would expect the impact blade
angles as measured at the various stages would give an accuracy of approximately +2
degrees from the nominal value of +15 degrees for the right hand propeiler and —18
degrees for the left hand propeller.
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control unit examination

4.1 LH Pitch Control Unit (FCW)
This PCU, labelled as being removed from the LH powerplant, was badly damaged in the
fire such that its identification could not be verified. 1t was received still attached to part of

the gearbox with some linkage still attached.

LH PCU Condition Upon Receipt
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The following figure depicts the configuration around the rear of the PCU where the beta
plunger that activates the ground beta light locates on the beta tube.

] Beta Plunger

Rear View lllustration

It was not possible to install a dummy beta tube on the rig to check the operation of the
beta light switch due to distortion of the main body resulting from the fire. The rear cover
had burnt through during fire, see figure below. !t was noted that the spring used to hold
the beta cam had moved from its seat although it is considered that this most likely
occurred during the cleaning process prior to handling at DPRO-G, see figure below.

Burnt Rear Cover Displaced sping

It was therefore not possible to discern any meaningful conclusion about the PCU

operation status.
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4.2 RH Pitch Control Unit {PCU)

The unit, labelled as being removed from the RH powerplani, was identified as part
number 663007005, serial number DRG/3452/88 up to and including mod strike 24. This
unit was also still attached to part of the gearbox and had DAPRO 7 June 2001 stamped
on the data plate. The unit was heavily contaminated with sand.

RH PCU Condition Upon Receipt
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After washing down, detailed examination showed that the rear housing had fractured and

one of the lugs on the end cap had fractured. It was not possible to install the rigging pin
due to the movement of the end cap.

In addition the spring used to hold the beta plunger in place was missing. It was found
around the side of the unit and was considered to have been displaced either during the
impact or during the process of cleaning the PCU prior to handling in the workshop.

View on beta plunger l.ocation of displaced spring

The PCU was installed on the rig in order to check the beta light operation. The operation
was found to conform with schedule requirements during transition from flight to ground
range. In addition the movement required to transition back to flight range was also
checked. It was found that a movement of 0.024 inches was required which relates to a
blade angle change of 0.75 degrees.
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Discussion

The right-hand propeller was found to have impacted the ground at a blade angle of
approximately 15 degrees. Although the Flight Data Recorder (FDR) recorded the beta
light as being on (i.e. propeller in the ground range) up to the point of impact, Dowty
consider that, once the tolerance of the beta light position (approximately 10-13 degrees),
the rate of change of blade angle as the propeller started to respond to the PLA demand,
the sample rate of the FDR and the tolerance on the measured propeller blade angle at
impact are taken into account, these findings are considered to be consistent with
expected response under such conditions.
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4,3 LH Overspeed Governor Unit (OSG)

Thg 0OSG had meited in the fire with the counterweights visible in the remainder of the
unit. It was not possible to positively identify the unit but the remains were still attached to
the reported LH powerplant.

Remains of LH OSG on Qearbox
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]

4.4 RH Overspeed Governor Unit (OSG)

This unit labelled as being removed from the RH powerplant was identified as part number
661002011, seral number DRG/2024/91 with no mod strikes. This unit was also heavily
contamination with sand.

No specific inspection, test or teardown was undertaken on the OSG.
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4.5 Feather Pump

This unit was identified as type number RFP 35, and serial number DRG 63/86. The
electrical connector was missing and the mounting face had fractured. As this unit had
not suffered any fire damage, it is considered that this probably had been fitted to the RH
powerplant. A label stating RH feather pump was found in the PCU package. No specific
inspection, test or teardown was undertaken on the OSG.
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4.6 Other Units

The beta tubes had been cut to facilitate transportation as both were still instailed in the
respective propellers. No additional consideration was given to their condition.

Neither of the Propeller Electronic Control Units or the second feather pump were
returned.

Any fault codes that affect the operation of the PEC are annunciated to the flight crew and
the lack of any reports of any such annunciation suggests that PEC operation is not a
contributing factor in this accident.

5. SYSTEM RESPONSE

The response and behaviour of the propeller system to the PLA inputs is discussed in
report F50-00658, reference 1. It is concluded that the system responded as expected to
the pilot demands.

6. AWN 97 CONSIDERATION

The foliowing equipment is deemed to be scrap with reference to the requirements of
airworthiness notice 97.

LH serial number Equipment ] RH serial number
| DRG 9401/87 Propeller ‘ DAP 0044
Not identified | Beta Tubes Not identified
Not identified PCU DRG/34562/88
Not identified 0sG DRG/2024/91
Not returned Feather Pump | DRG/63/86 o

7.  CONCLUSION

The condition of the propeller equipment is commensurate with having been involved in a
major accident and resuiting fire. No anomalies with any of the returned equipment were
identified.

It is therefore considered that the propelier system was capable of correct operation up to
the point of impact. The left hand propeller impacted the ground at a blade angle of
approximately —18 degrees, which equates to the full reverse position and the right hand
propelier impacted the ground at a blade angle of approximately +15 degrees, just in the
fight range.

8. REFERENCES

1. Technical Report F50-00658 issue 1 - Propeller control analysis of accident to Fokker
50 aircraft EP-LCA (Kish Airlines), Sharjah, UAE, 10 Feb 2004.
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PROPELLER CONTROL ANALYSIS OF
ACCIDENT TO FOKKER 50 AIRCRAFT
EP-LCA (KISH AIRLINES), SHARJAH, UAE, 10 FEB 2004

SUMMARY

Both propellers on Fokker 50 EP-LCA behaved correctly and as expected,
according to deduced pilot inputs during the final second of flight. At 07:38:12
the propellers entered ground beta pitch; this is considered to be the result of
movement of the Power Levers below the Flight Idle gate and inability of the
Fokker-supplied flight idle locks to prevent the movement. This action would
have brought about significant windmilling drag. Disparity between the
position of the Power Levers, indicated by difference fuel flow traces on the
FDR, could have caused significant asymmetric forces. There is evidence that
the Power Levers were restored to the flight range, but it is clear that this
action alone could not be relied on to remove the asymmetric condition.
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1. PURPOSE OF REPORT

This report is intended to help the United Arab Emirates General Civil Aviation
Authority inquiry into the likely cause(s) of the accident to Kish Airlines Fokker
90, EP-LCA. This aircraft crashed on approach to Sharjah Airport, UAE, on 10
February 2004. Assistance is offered with analysis of the iikely behaviour of
the Dowty R352 propellers. The basic pitch control system and operation is
described, followed by interpretation of the propeiler and relevant engine
parameters from the Flight Data Recorder, and conclusions are drawn on the
probable sequence of events with respect to propeller control during the final
seconds of the flight.

2. ABBREVIATIONS

CVR Cockpit Voice Recorder

FDR Flight Data Recorder

0SG Overspeed Governor

PCU Pitch Control Unit

PEC Propeller Electronic Controiler

3. BASIC ACCIDENT DETAILS

3.1 According to the FDR, the aircraft, Kish Airlines Fokker 50 EP-L.CA, was
approaching the airport at approximately 1,000 ft and 130 kts, and both
propellers were constant speeding normally at 85% rpm. Propeller pitch at
this point is estimated to have been 15 deg, corresponding to the Power
Levers held at Flight Idle.

3.2 Suddenly both propellers increased in speed and both low pitch switches
were closed, indicating pitch excursion into the ground pitch range (switches
close between 10 and 13 deg). The pilot was then unable to maintain control
of the aircraft, which subsequently crashed. The FDR apparently ran till
impact and never showed either propeller to increase in pitch above the low
pitch switch setting. However, upon teardown initial impact marks showed the
LH propeiller to be approximately at maximum reverse pitch (- 17 deg) and the
RH propeller to be approximately at the Flight Idle position (+ 15 deg).

3.3 The initial teardown report showed both propellers to have been
assembled correctly and capable of correct operation up to the moment of
impact.
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4. DESCRIPTION OF PROPELLER SYSTEM

4.1 The R352 propeller system is hydraulically controlled in pitch. There are
two basic pitch ranges, one appropriate to ground operation (-17 deg to + 7
deg, where the propeller is in beta control mode) and one appropriate to flight
operation (+15 deg to feather where the propeller is in constant speeding
control mode). After touchdown a stable pitch between 7 and 15 deg can in
theory be achieved by slight reduction of Power Lever Angle below Flight Idle
(' ground beta transition mode"), although it is customary to pull the lever back
to Ground Idle or into the reverse thrust range for propeller braking effect.

4.2 The propeller blades are connected in pitch to a crosshead or yoke that is
connected to an hydraulic pitch change cylinder on the front of the propeller
hub. Oil is supplied to and conveyed away from the fine and coarse pitch
chambers of this cylinder by concentric oil tubes, called Beta Tubes; these
pass through the Propeller Reduction Gearbox (Pratt & Whitney Canada
supply) and fit in the oil transfer muff of the propeller Pitch Control Unit, that is
mounted on the back of the gearbox. The Beta Tubes therefore rotate with
the propeller and move fore and aft as it changes pitch. An interfacing sleeve
fits around the Beta Tubes in the PCU housing and is connected to the Power
Lever via a profiled cam that defines the beta schedule; this is called the beta
sleeve.

4.3 The propeller moves in pitch under the combined influence of the
following forces.

« blade aerodynamic forces, tending to move the propeller to fine pitch

¢ combined blade and counterweight mass forces, tending to move the
propeller to coarse pitch in the in-flight range, but diminishing at low pitch
and actually reversing sign in negative pitch due to the changing geometry

¢ hydraulic forces suppiied by the pitch control system

» frictional forces, resisting any pitch change input (and tending to
dominate when the sum of the other forces is very small)

4.4 For selection of high drag and reverse thrust for braking after landing and
for ground manoeuvring, pitch is controlled directly by movements of the
Power Lever through ports in the beta sleeve, allowing unmodulated high
pressure oil from the system HP pump into the propeller fine and coarse
oilways. During flight the Power Lever positions the beta sleeve so that the
unmodulated oil supply is isolated and modulated oil is supplied via a servo
valve in the PCU and an Overspeed Governor. The servo valve is controlied
by a Propeller Electronic Controller (PEC), which receives a once-per-
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revolution pulse from the propeller to determine speed; it receives a speed
demand signal from the flight deck (85% or 100%) and commands the servo
valve to drive the propeller fine when it is underspeeding and coarse during
overspeeding. Should the servo valve fail selecting fine pitch, the
hydromechanical OSG will govern propeller speed at 105%.

4.5 It is prohibited for the pilot to bring the Power Lever below the Flight Idle
detent during flight until the aircraft has landed. A Fokker-supplied,
electrically-operated flight idle lock, fitted to the Power Lever-PCU linkage,
prevents such erroneous pilot action until a weight-on-wheels signal is
received from the landing gear on touchdown. It is possible to lift the Power
Lever from the Fiight Idle detent and obtain a small amount of travel! before
encountering the lock; such an action, although not permitted, lowers the
minimum in-flight pitch and gives additional drag during approach for landing.

5. DESCRIPTION OF NORMAL PROPELLER OPERATION

5.1 Constant speeding mode See Fig.1.

During take-off, 100% propeller speed is selected on the Engine Rating Panel
and the Power Lever is at Normal or MaximumTake-off, giving a minimum
pitch on the beta schedule of 19.4 deg. The beta sleeve is held in the flight
position. (If the servo valve drove inadvertently fine AND the Overspeed
Governor did not function as required, 19.4 deg is the pitch the propeller
would reach. See Fig.2. Actual pitch is normally much higher than this, since
the propeller enters constant speeding mode soon after high power
selection.)

During cruise, 85% propeller speed is selected on the Engine Rating Panel
and the Power Lever is between Flight Idle and Normal Take-off, giving a
minimum pitch on the beta schedule of 17 deg. The beta sleeve is in the flight
position. Actual pitch is much higher than 17 deg, since the propeller is
constant speeding during flight when significant power is demanded from the
engine. Fig.1 shows the propeller at 30 deg.

5.2 In-flight beta mode (NB, not ground beta) See Fig.3.

During approach for landing, 85% propeller speed is selected on the Engine
Rating Panel and the Power Lever is at Flight Idle. The beta sleeve is still in
the flight position. Pitch is 'sitting on' the beta schedule, which gives 15 deg at
Flight Idle. The coarse-seeking counterweight effort, fine-seeking blade mass
forces and fine-seeking blade aerodynamic forces are matched by the fine-
seeking hydraulic effort. Because of the low power and reducing forward
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speed, the propelier tends to underspeed so that it hugs' the beta schedule.
Thrust is minimal and there is possibly a small amount of windmilling drag.

5.3 Ground beta transition See Fig.4.

Should the Power Lever be erroneously brought a smail amount below the
Flight Fine detent, the beta sleeve will be positioned for ground beta
transition. (The Fokker-supplied flight idle lock allows a small amount of
travel below Flight Idle.) Access to the modulated oil supply from the servo
valve (and Overspeed Governor) is closed off, but the beta sleeve porting
hasn't quite opened up the unmodulated hp supply. Pitch can vary from 7 deg
to 15 deg (but there is a tolerance on these values) and follows the linear beta
schedule, according to Power Lever position. The low pitch switch will close
and ililuminate a blue lamp on the flight deck when pitch is below
approximately 11 deg. Windmilling drag increases and positive counterweight
effort decreases in this regime.

5.4 Ground beta control See Fig.5.

Should the Power tLever be erroneously brought a greater amount below the
Flight Fine detent, the beta sleeve will be positioned for on-ground beta
control and pitch will follow the linear beta schedule, according to Power
Lever position, from 7 deg down to maximum reverse pitch (-17 deg). (This
action would normally be prevented by the Fokker-supplied flight idle lock until
the aircraft landed.) The motive force to reduce pitch is provided by hp oil
direct from the hp pump. Windmilling drag increases rapidly as does positive
counterweight effort decrease in this regime. Possible variation between
propellers in the amount of windmilling drag will be experienced as yawing
forces on the aircraft at a time when lateral controliability is diminishing due to
the falling airspeed; height margins are also being fast used up.

5.5 Ground beta transition or ground beta control with Power Lever
suddenly moved above Flight Idle See Fig.6.

The instinctive corrective response of a pilot when he realises that he should
not have brought the Power Lever below Flight Idle would be to push the lever
rapidly forward into the flight range. When this happens, the beta sleeve is
very quickly repositioned for in-flight constant speeding. Unmoduiated hp oll is
therefore isolated and modulated pressure oil is able to enter coarse pitch
(not fine pitch as usual in flight). However, if propeller speed exceeds the
selected value (85% on approach), modulated pressure will decay since the
speed governor assumes counterweight effort will coarsen the propeller to
reduce speed. The blade counterweights are only designed to be effective in
the in-flight pitch range, i.e., pitch at least 15 deg. Because of their changing
position as the propeller changes pitch, it is not possible for counterweights to
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give coarse-seeking effort throughout the complete pitch range. If pitch has
reduced too far, sufficient coarsening effort will not be achieved and pitch will
remain low or even negative. On the other hand, the engine will respond
normally to the increased Power Lever setting and deliver more power to the
propelier. If the propeller is 'stuck' at low positive pitch, it will be unable to
absorb the engine power, engine torque will stay low and the propeller will
tend to overspeed, windmill and generate drag. If the propelier is at negative
pitch, it will absorb some power, engine torque will increase, but the propeller
will generate negative thrust.

(It is invidious to prescribe the best action following in-flight selection of
ground beta, since movement of the Power Lever below Flight Idle in flight is
universally known to be forbidden, However, movement of the Fuel Shut-off
Lever to Feather or Fuel Off will direct hp oil, assisted by cil from the auxiliary
Feathering Pump, into propeller coarse pitch and drive the blades into the
fiight range where normal positive counterweight effort will be re-established
and pitch will steadily increase towards feather. This will minimise aircraft
drag and improve the chances of a successful emergency landing.)

5.6 Synopsis

The only safe in-flight propeller regimes are in-flight beta (pitch between 15
and 19.3 deg) and constant speeding (pitch above the beta schedule), these
correspond to the Power Lever being at or above Fiight tdie. Moving the
Power Lever below Flight Idle in fiight risks the propelier entering either
ground beta transition (pitch between 7 and 15 deg) or true ground beta (-17
to 7 deg), in either of these states the propeller can windmill and generate
excessive drag. In negative pitch it is possible for the propeller to absorb
engine power and generate negative thrust. Moving the Power Lever rapidly
above Flight Idle cannot be relied on to increase pitch, since there will be no
hydraulic coarsening effort if the propeller happens tc be at or above the
selected speed. Moreover, there may be overwhelming external blade forces
driving the propeller towards maximum reverse pitch.

6. ANALYSIS OF FLIGHT DATA RECORDER iNFORMATION
6.1 FDR Information
See Appendix to this report.

6.2 LH Propeller (found at max reverse)

The LH propeller entered ground beta at 07:38:11, according to the change of
low pitch switch status on the FDR; it is postulated that this was the result of
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movement of the Power Lever below the Flight Idle gate shortly before. it is
cpnguplered that for the remaining 17 seconds of FDR recording pitch was
s;g_mflcantly below 10-13 deg low pitch switch setting, probably in reverse.
This would explain why engine torque increased with increase in fuel flow, but
the propeller would have produced not positive but negative thrust.

The beta sleeve was restored to the flight position at 07:38:13, as indicated
by a sudden increase in fuel flow, presumed brought about by forward
movement of the Power Lever. Modulated oil now had access to coarse pitch
(explained in Fig.6), but modulated oil was only at high pressure and able to
drive the propeller coarse back to the flight range while the propeller was
underspeeding (below 85%). Underspeeding occurred for only four seconds
from 07:38:18 to 07:38:22, since windmilling forces were generally keeping
propeller speed high. Propeller pitch was dictated by the counterweight effort.
It is believed that the LH propeller went sufficiently fine that it came under the
influence of fine-seeking counterweight forces that took it eventually to
maximum reverse pitch.

It is conjectured that the pilot's reduction of thrust to Flight Idle at 07:38:19 {to
be followed by high thrust again just before impact) is explained by the fact
that, in spite of selecting high thrust seconds after entering ground beta
(07:38:13), high negative thrust on the LH propeller, felt as asymmetric forces
on the aircraft, would have caused him to doubt that he had taken the correct
action.

6.3 RH Propeller (found at Flight Idte)

The RH propeller entered ground beta at 07:38:12, according to the change
of low pitch switch status on the FDR; it is postulated that this was the result
of movement of the Power Lever below the Flight Idle gate shortly before. It is
considered that for the remaining 16 seconds of FDR recording, pitch was
probably just below 10-13 deg low pitch switch. This would explain why
engine torque remained zero in spite of two increases in fuel flow and why the
propelier oversped to 106%:; a pitch of about 10 deg at low airspeed (130 kts)
would not be able to absorb engine power.

The beta sleeve was restored to the flight position at 07:38:13, indicated by a
sudden increase in fuel flow brought about by forward movement of the
Power Lever. Modulated oil now had access to coarse pitch (explained in
Fig.6), but modulated oil was only at high pressure and able to drive the
propeller coarse back to the flight range while the propeller was
underspeeding (below 85%). Underspeeding never occurred, since
windmilling forces and engine power kept speed between 95% and 105% for
the rest of the flight. Propeller pitch was dictated by the counterweight effort. it
is considered that the LH propeller did not go sufficiently fine that it came
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under the influence of fine-seeking counterweight forces, but drifted slowly
coarse. It had not quite reached the 10-13 deg low pitch switch position at the
last point on the FDR, but was almost there and in fact was found at 15 deg
(Flight Idle) at the crash site,

't is conjectured that the pilot's reduction of thrust to Flight Idie at 07:38:19 (to
be followed by high thrust again just before impact) is explained by the same
reason as for the LH propeller. (He would not necessarily have known which
propeller was behaving contrary to expectations.)

7. CONCLUSIONS

Both propellers on Fokker 50 EP-LCA behaved correctly and as expected,
according to deduced pilot inputs during the final second of flight. At 07:38:12
the propellers entered ground beta pitch; this is considered to be the result of
movement of the Power Levers below the Flight Idle gate and inability of the
Fokker-supplied flight idle locks to prevent the movement. This action would
have brought about significant windmilling drag. Disparity between the
position of the Power Levers, indicated by difference fuel flow traces on the
FDR, could have caused significant asymmetric forces. There is evidence that
that the Power Levers were restored to the flight range, but it is clear that this
action alone could not be relied on to remove the asymmetric condition.
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APPENDIX 1 - SUMMARY OF FDR PROPELLER PARAMETERS

Kish Airlines Fokker 50 EP-LCA, Sharjah, UAE, 10 Feb 2004 - FDR Analysis
Time | LH Prop r RH Prop
m:ss l_ |
38:10 {AH indications normal. Estimated pitch 15 deg/small - | All indications normal. Estimated pitch 15 deg/small drag.
drag.
38:11 Lov? pitch indicator shows pitch has fallen to 10-13 deg ‘TLow pitch indicator shows pitch has fallen to 10-13 deg. and
(slightly before RH prop). Fuel flow starts to drop from prop speed starts to increase in consequence. Fuel flow starts
Flight Idle setting. Power Lever has been brought below \ to drop from Flight Idle setting. Power Lever has been brought

Flight Idle detent. Prop speed starts to increase in \ below Flight Idle detent. Prop speed starts to increase in
| consequence. Estimated increasing drag. | consequence. Estimated increasing drag.
38:12 | Prop speed peaks at 95% then starts to fall | Prop speed reaches 94% and continues to increase.

38:13 Fuel flow and engine torque start to increase. These (
facts indicate Power Lever has been moved above ,

Flight Idle, but pitch is still at or below 10-13 deg (low ‘

| pitch indication). (CVR suggests that Power Lever was

moved to full forward a few seconds after prop goes into

ground beta range.)

|
.
|

l

|
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1

|

|

|
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|

38:16 PLA reaches max value, then falls to Flight ldle. Torque shows
hardly any power is absorbed by prop.
38:18 Prop speed back to 86%. Fuel flow and torgue high. Prop speed peaks at 107%. Fluctuating fuel flow showing
PLA reaches max value, then falls to Flight Idle. Torque | negligible increase in PLA (but presumably Power Lever has |
shows some power is absorbed by prop. been moved back to Flight idle at least - CVR suggests that

Power Lever was moved to full forward a few seconds after prop
goes into ground beta range). Torque remains negligible. Pitch
is stili at or below 10-13 deg {low pitch indication). Presumed

| high drag. |

38:19 Sudden reduction in fuel flow and torque, impiying | |
Power Lever moved back to Flight ldle. Prop speed ‘

75%. ‘ |

|

38:20 | Prop speed dips to 67%. | |
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| 38:23 PLA now starts to move back to high thrust setting. Torque
shows hardly any power is absorbed by prop.

38:24 | PLA now back at Flight Idle.

38:25 PLA now starts to move back to high thrust setting. Increase in fuel flow. Torque starts to rise but remains low. Prop
Torque shows some power is absorbed by prop. speed fallen below 100%.
38:26 Increase in fuel flow and torque, implying Power Lever Prop speed increases again to 106%.

moved above Flight Idle. Prop speed seems to stabilise
around 85-89%.

38:28 Last recorded time on FDR. Low pitch switch shows Last recorded time on FDR. Low pitch switch shows pitch is 10-
pitch is still below 10-13 deg. Teardown subsequently 13 deg. Teardown subsequently showed propelier pitch at initial
showed propeller pitch at initial impact to be impact to be approximately 15 deg (Flight Idle). | believe pitch

| approximately -17 deg (full reverse). | believe pitch was | was probably just below 10-13 deg during final 18 seconds
| significantly below 10-13 deg, probably in reverse, since in-flight beta was first selected. This would explain why
during final 18 seconds since in-flight beta was first engine torque remained zero in spite of two increases in fuel
-' selected. This would explain why engine torque flow and propeller oversped to 106%; a pitch of about 10 deg at

increased with increase in fuel flow, but prop would have | low airspeed (130-140 kts) would not be able to absorb engine
produced not positive but negative thrust! | believe the power. |
pilot's reduction of thrust to Flight Idle at 07:38:19 (to be | | believe the pilot's reduction of thrust to Flight Idle at 07:38:19
followed by high thrust again just before impact) is (to be followed by high thrust again just before impact) is
explained by the fact that, in spite of selecting high | explained by the fact that, in spite of selecting high thrust

thrust seconds after entering ground beta, high negative | seconds after entering ground beta, high negative thrust on the
thrust on the LH prop (felt as general asymmetric forces | LH prop would have caused him to doubt that he had taken the

on the aircraft) would have caused him to doubt that he | correct action. (He would not necessarily have known which
had taken the correct action. _| prop was behaving contrary to expectations.) |
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. APPENDIX 7

TAKEN 5 MINUTES AFTER IMPACT

Threshald

Approach

Accident Site

ACCIDENT SITE LOCATION





