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The report is based upon the investigation carried out by Banjul Accord Group Accident
Investigation Agency. The State of Occurrence, Sao Tome & Principe delegated the entire
investigation to BAGAIA, being the Regional Accident Investigation Authority, in line with
Section 5.1 of Annex 13 to the Convention on International Civil Aviation. Nigeria as a member

state of BAGAIA, was requested to conduct the investigation on its behalf.

In accordance with Annex 13, it is not the purpose of Aircraft Accident/Serious Incident

Investigations to apportion blame or liability.

Readers are advised that BAGAIA investigates for the sole purpose of enhancing aviation safety.
Consequently, BAGAIA reports are confined to matters of safety significance and should not be
used for any other purpose.

As BAGAIA believes that safety information is of great value if it is passed on for use of others,
readers are encouraged to copy or reprint for further distribution, acknowledging BAGAIA as the

source.

Recommendations in this Report are addressed to the Institut National de I’Aviation Civile
(INAC), Sao Tome, Ukraine Civil Aviation Authority and CAVOK AIR, LLC, Ukraine.
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Aircraft Accident Report No.:

Name and Address of Owner:

Operator/Lessee:
Aircraft Type and Model:

Manufacturer:

Date of Manufacture:
Serial No.:
Registration:
Location:

Date and Time:

SYNOPSIS

CVK/2017/07/29/F

Swift Solution FZC P.O. Box 8753, SAIF
Zone, Sharjah, United Arab Emirates

CAVOK Air LLC, UKRAINE
Antonov AN-74TK-100

Kharkiv State Aircraft Production

Enterprise

20" May, 1992

36547095905

UR-CKC

Sao Tome International Airport
29™ July, 2017 at about 0907hrs

All times in this report are local time,

equivalent to UTC unless otherwise stated.

On 29™July, 2017 at about 0905hrs, an Antonov aircraft Model AN-74 TK-100, flight CVK
7087, registered UR-CKC, owned by SWIFT SOLUTION FZC and operated by CAVOK

Airlines LLC overran runway 29 during a rejected take off at Sao Tome International Airport.

The Captain, the First Officer, the Flight Engineer and 2 maintenance Engineers on board were

rescued unhurt except the Flight Navigator who sustained an injury to his left foot and some

minor bruises. The intended non-scheduled return flight to Accra was initiated in accordance



Aircraft Accident Report
CVK/2017/07/29/F

UR-CKC

with appropriate regulations. Visual meteorological conditions prevailed, and an instrument
flight rules flight plan was filed.

The safety issues discussed in this report focused on rejected take-offs and rejected take-off
procedures; compliance with SOP, other related checklists and manuals, flight crew training for
RTO scenarios; flight crew performance, including the captain's action to initiate a RTO after V;,
and CRM.

Recommendations in this Report are addressed to the Institut National de I’Aviation Civile

(INAC), Sao Tome, Ukraine Civil Aviation Authority and CAVOK AIR, LLC, Ukraine.
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1.0 FACTUAL INFORMATION

1.1 History of the Flight

On 29" July, 2017 at about 0905hrs, an Antonov aircraft Model AN-74TK-100, flight CVK7087,
registration UR-CKC, owned by SWIFT SOLUTION FZC and operated by CAVOK Airlines
LLC was departing Sao Tome International Airport to Kotoka International Airport, Accra, for
positioning with six crew on board. The flight was on an Instrument Flight Rule (IFR) flight plan
and Visual Meteorological Conditions prevailed. The aircraft exited runway 29 during a rejected

take off. The Flight Navigator sustained an injury and the aircraft was destroyed.

On 28th July, 2017 at 0225hrs the aircraft arrived Sao Tome International Airport from
Stavanger (Norway), via Luxemburg and Ghardaia (Algeria) as a Cargo flight. On 29" July,
2017 at about 0800hrs, the crew of CVK 7087 comprising the Captain, the First Officer, the
Flight Engineer, the Flight Navigator and 2 Maintenance Engineers arrived the airport and
commenced the flight preparation; pre-flight inspection, determination of weight and balance,
computation of performance and take-off speeds. The crew received flight briefing/weather

information and refuelled the aircraft with an uplift of 5,700kg.

At 0850hrs, the crew requested engine start-up clearance from Sao Tome Tower and it was
approved. After completing the engine start procedures, engine parameter indications on both
engines were normal. Appropriate checklist was completed and taxi clearance was requested by

the crew.

Sao Tome Tower initially cleared CVK 7087 to taxi on runway (RWY) 11 as favoured by the
prevailing wind. However, the crew requested RWY 29 for departure. This request was approved
by the Tower and the aircraft re-cleared to taxi to RWY 29 for departure. Sao Tome Tower did
not provide the flight crew with the information about possible presence of birds at the

aerodrome, in particular, on the runway.
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At 0905hrs, the aircraft began the take-off roll. The First Officer was the Pilot Flying (PF) while
the Captain was the Pilot Monitoring (PM). The engines and systems parameters were reported

to be normal.

According to the Captain, "In the first half of the take-off run from the runway, from five to six
eagles got off the ground of the runway and flew dangerously close to the aircraft". He then
requested the Flight Engineer to check if the flood lights were ON and to monitor the engine
parameters. The crew asserted that they observed a rising and narrowing runway as the aircarft
accelerated to a speed of 180 km/hr. They stated further: "At a speed of 180 km/hr, ahead, a
flock of eagles, which were not seen before this moment began to get off the ground from the
runway." The Captain took control of the aircraft and decided, after assessing the situation

within 4 seconds that the best option for the crew was to discontinue the take-off.

At that moment, the crew heard a bang, which they suggested could be a bird strike. This was
followed by aural and visual indications on the annunciator panel such as “Left Engine Failure”,
“Dangerous Vibration”, and “Take-off is prohibited” and the Captain immediately initiated a
rejected take-off and instructed the Flight Engineer to deploy thrust reversers. The rejected take-
off was initiated about 5 seconds after sighting the birds, at a speed of 220km/h. According to the
Captain, his decision was necessitated by the consideration of losing multiple engines due to bird

strike if the take-off continued.

The Captain said he pressed the brake pedals completely immediately after initiating the rejected
take-off, subsequently he assessed the braking action as not effective and he used the emergency
braking at a speed of about 130 km/h. On realizing that the aircraft would not stop within the
remaining available runway length (about 272.3m) coupled with the presence of a ravine at the
end, the captain intentionally veered to the right in order to extend the runway stopping distance
and also avoid the ravine. The aircraft exited the runway at a speed of approximately 76 km/h.
As the aircraft’s speed decayed to 60 km/h and just before the aircraft exited the runway, the
Captain instructed the Flight Engineer to close the fuel emergency shutoff cock. The aircraft
travelled a distance of about 95m from the exit point before plunging into the ravine. In the
process, the forward fuselage separated from the bulkhead located immediately after the cockpit
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section. The aircraft came to rest at a location with coordinates: N002° 2" 51 and E006° 42°07°".

The accident occurred in daylight at about 0905hrs.

1.2 Injuries to Persons
Injuries Crew Passengers Total in the Others
aircraft

Fatal Nil Nil Nil Not Applicable
Serious Nil Nil Nil Not Applicable
Minor 1 Nil 1 Not Applicable
None 5 Nil 5 Not Applicable
Total 6 Nil 6 Not Applicable
1.3  Damage to Aircraft
The aircraft was destroyed.
1.4 Other Damage
Nil.
1.5 Personnel Information
15.1 Captain

Nationality: Ukraine
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Gender: Male
Age: 59 years
Licence Number: ATPL TA No. 002430
Licence Validity: 9" June, 2018
Aircraft Rating: AN-74
Instrument Rating: ILS
Instrument Rating validity: 30™ December, 2017
Licence Proficiency Check validity: 17" July, 2018
Operator Proficiency Check validity: 14" January, 2018
Annual Line Check validity: 15" July, 2018
Medical Validity: 9™ December, 2017
SEP/CRM: 20" January, 2017
Total Flying Experience (All types): 12,847hrs
On Type: 986hrs
Last 90 days: 146hrs
Last 28 days: 62hrs
Last 24 hrs: Nil

1.5.2 First Officer
Nationality: Ukraine
Gender: Male
Age: 48 years
Licence Number: ATPL TA No. 007254
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153

Licence Validity:

Aircraft Rating:
Instrument Rating:
Instrument Rating validity:

Licence Proficiency Check validity:

Operator Proficiency Check validity:

Annual Line Check validity:
Medical Validity:

SEP/CRM:

Total Flying Experience (All types):
On Type:

Last 90 days:

Last 28 days:

Last 24 hrs:

Flight Engineer

Nationality:
Gender:

Age:

Licence Number:
Licence Validity:

Aircraft Rating:

Operator Proficiency Check validity:

21% November, 2017
AN-74

ILS

30" December, 2017
12" December, 2017
25" January, 2018
1% December, 2017
21 November, 2017
3" November, 2016
5,389hrs

618hrs

146hrs

62hrs

Nil

Ukraine

Male

56 years

FE No. 000011
8" June, 2018
AN-74

29" December, 2017
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154

Medical Validity:

SEP/CRM:

Total Flying Experience (All types):
On Type:

Last 90 days:

Last 28 days:

Last 24 hrs:

Navigator

Nationality:
Gender:

Age:

Licence Number:
Licence Validity:

Aircraft Rating:

Operator Proficiency Check validity:

Medical Validity:

Total Flying Experience:
On Type:

Last 90 days:

Last 28 days:

Last 24 hrs:

8" December, 2017
21 November, 2016
17,301hrs

4,479hrs

146hrs

62hrs

Nil

Ukraine

Male

57 years

FN No. 000530
20" March, 2018
AN-74

23" February, 2018
20" September, 2017
11,974hrs

286hrs

81lhrs

62hrs

Nil
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1.5.5 Airframe & Powerplant Engineer
Nationality: Ukraine
Gender: Male
Age: 36 years
Licence Number: AMLUA.66.1588
Licence Validity: 27" August, 2020
Aircraft Rating: AN-74
1.5.6 Avionics Engineer
Nationality: Ukraine
Gender: Male
Age: 34 years
Licence Number: AMLUA.66.1203
Licence Validity: 23" October, 2019
Aircraft Ratings: AN-12, AN-140, AN-24, AN-74 & YAK 40
1.6  Aircraft Information
1.6.1 General Information
Type: AN-74TK-100
Serial Number: 365.470.95.905
Manufacturer: Kharkiv ~ State  Aircraft ~ Production
Enterprise
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Year of Manufacture: 1992

Total Airframe time: 5104.47hrs

C of A Validity:

Category:

Certificate of Registration:

Engines
Number 1:
Type:
Manufacturer:
Serial No:

Time Since New:

Cycles:

27" November, 2017
Transport (Cargo)

Issued 3 April, 2017 valid till 31
December, 2019

D-36, Series 2A

JSC Motor Sich, Zaporizhzhia, Ukraine
708036412A005

5211 hours

1933

10
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Figure 1: Picture showing engine number 1 air intake/nacelle

Number 2:
Type:
Manufacturer:
Serial Number:
Time Since New:

Cycles:

D-36, Series 2A

JSC Motor Sich, Zaporizhzhia, Ukraine
708036312A006

5211 hours

1932

11
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Figure 2: Picture showing engine number 2 air intake/nacelle

1.7 Meteorological Information

The following weather information was obtained from the MET office in Sao Tome International

Airport and was available to the crew.

FORECAST
Time X 0626 UTC
Wind : 180/4KT
Visibility ; >10km

12
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Weather Nil

Cloud FEW 020 BKN 110

Temperature 24°C

Dew Point 21°C

QNH 1014

ACTUAL

Time 0626 UTC

Wind 190/2KT

Visibility >10km

Weather Nil

Cloud FEW 020 BKN 110

Temperature 24°C

Dew Point 21°C

QNH 1014

The weather information passed by the Air Traffic Controller at about 0858UTC to the crew,
shortly before engine start-up clearance was given, was as follows: Wind 170-04 knots,
temperature 25/20, QNH 1016 while the wind value was passed as 160-08 knots at take-off

clearance.

13
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1.8  Aids to Navigation

The conditions of the navigation aids at the Sao Tome International Airport on the day of the

occurrence were as follows:

Sao Tome Control and Approach (ACC & APP)  VHF 127.5 MHz : ‘S’
Sao Tome Tower VHF 118.900 MHz : ‘S’
Sao Tome Tower VHF 121.500 MHz (Emergency Frequency) : ‘S’
VOR/DME 117.300 : ‘S

19 Communications

There was two-way communication between the crew and the Control Tower.

1.10 Aerodrome Information

The Sao Tome International Airport with ICAO location indicator FPST has a runway

designation of 11/29. Runway 29 was used for the take-off.

The surface is coated with asphalt and has a dimension, 2160m x 45m. The Aerodrome
Reference Point is: 00°240 and 006°42°47°°E with an elevation of 10m. Runway 29 has
threshold co-ordinate of 002233.45N, 0064316.46E and elevation of 5m.

Other declared distances of RWY 29 are as follows:
RWY length - 2160m,
RWY width - 45m,

TORA - 2160m,

14
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TODA - 2160m

ASDA - 2160m,

LDA - 2160m,

Strip - 2240m * 150m,
CWY -60m

RESA - Not available,
Stopway - Not available.

There is ravine at the end of the RWY 29 in addition to a major road adjacent to the airport’s

perimeter fence.

Runway inspection is usually carried out by the airport fire service personnel before any landing
or take-off. At 0720hrs on the day of the accident, the runway was inspected for departure of
STP Airways, STP 508.

Aeronautical Information Publication on the aerodrome is that “Birds may at times flock on the
grass around the runway. If large concentrations of birds are seen on or near aerodrome, pilots
of aircraft will be so informed by ATS.” As part of its wild life control programme, the airport
authority uses a 12-gauge firearm for elimination of animals while it employs scarecrow and a

12-guage shot gun to scare and eliminate birds respectively.

15
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Figure 3: Aerial view of the Aerodrome

1.11 Flight Recorders

The aircraft was equipped with both the Flight Data Recorder (FDR) and Cockpit Voice

Recorder (CVR) and were recovered intact from the aircraft with the following details:

Flight Data Recorder

Part Number: NCVY1.794121.002 (ISUY.794121.002)
Type: ZBN-1-3 series 3

Serial Number: 1963

Manufacturer: "PRIBOR"SPA, JSC

16
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Cockpit Voice Recorder
Part Number: JIMKC.467562.001-03 (LIKS.467562.001-03)
Type: ORT (RUS — OPT)
Serial Number: 151021
Manufacturer: UKrNIIRA, JSC

Upgrade of the aircraft recorders was performed by replacing the crash-protected memory units:
ZBN-1-3 by SSFDRZBN-1-3ser.3, and MARS-BM by SSCVRORT installed on 26.12.2015 by
AMOUATC (Kyiv, Ukraine) under conditions of STCs DTL0164 and DTL0165 issued by
SAAU to DOA PC “Stork™.

The recorders were successfully downloaded at the Scientific and Research Laboratory of the
Institute of Computer Systems of the National Aviation University, Ukraine. The FDR graphical
readouts are as shown in Figures 4 and 5.

17
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1.12 Wreckage and Impact Information

The aircraft exited the runway at a speed of approximately 76 km/h and approximately 60m
before the end of the runway. The clearway was an additional 60m in length. The aircraft
plunged into the ravine and came to rest approximately 30m after the end of the clearway and
25m to the right of the clearway. The forward fuselage separated from the bulkhead located

immediately after the cockpit section.

S

Figure 6: Picture showing the wreckage of the aircraft after the Impact
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Figure 7: Picture showing the aircraft in the ravine

Figure 8: Picture showing the aircraft resting on its left side
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Figure 9: Picture showing the detached portion of the left wing

1.13 Medical and Pathological Information
The Medical and Pathological report on the crew is as follows:
ANALYSIS:

The blood test results of the crew indicated the following:

1. Ethanol (alcohol) levels for all five (5) crew members tested were within the

Laboratory reference range of below 0.50 g/L);
2. Tetrahydrocannabinol (THC) was not detected in the blood samples of the three (3)

flight crew that were tested.
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CONCLUSION

Based on the above analysis, it can be concluded that the flight crew were not operating under
the influence of either Ethanol (alcohol) or Tetrahydrocannabinol (Marijuana); nor their

performances impaired by these substances.

1.14 Fire

There was no post-crash fire.

1.15 Survival Aspect

The Air Traffic Controller on duty could see the aircraft exiting the runway during the take-off
roll from the control tower. He immediately contacted the airport rescue and fire fighting service
personnel who responded swiftly to the crash site. Foam was applied adequately on the wreckage
to prevent fire outbreak before the crew were promptly rescued and immediately taken to
hospital for medical attention. There was also a liveable volume for the occupants to enhance

survivability.
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pasMelleHusl aBapuiHO - cnacarenbHoro o6opyaoBaHusA
Ha BC AH-74TK-100 GoproBoi Homep UR-CKC

@@4 @ 1 @ 6

@

1 - py4HOIi OrHETYWUTENb 1 - hand fire-extinguisher
7) (3 2 - cnacaTenbHbINA XUner 2 - life jacket
§ 3 - aBapuiHbLINA TOMOP 3 - emergency axe
4 - nnot 4 - raft stowage area
5 - KUCIIOPOAHbIN GanoH 5 - oxygen bottle
6 - aBapUNHbIN MasiK 6 - emergensy beacon

7 - aBapuiiHas paguocTaHuma 7 - emergensy radiostation
8 - anteuka nepsoit nomowu 8 - first-aid kit

Figure 10: Cabin layout diagram

1.16 Test and Research
1.16.1 Feather Specimen Examination

Fragments of bird feathers recovered from various locations of the left engine and photograph of
a dead bird on the runway were sent to Institute of Zoology at the National Academy of Sciences

in Ukraine for ornithological examination. The report suggested that the fragments correspond to

24



Aircraft Accident Report
CVK/2017/07/29/F

UR-CKC

the juvenile specimen of diurnal carnivorous bird of Falconiformes of the Hawk Family

(Accipitridae) — CommonHoney Buzzard, Pernis apivorusL.

The detailed report of the test is attached in Appendix1.

Photos of Fragments Found at Inspection, Presumably of Organic Nature:

I

found on the fan found on the found in the found in the slot

blade platform fan guide vanes cavity of the of the main duct
lower engine cowling of the
mounting engine core

strut

The fragments of organic nature were collected for the ornithological
examination.

Figure 11: Feather Specimen found at different locations on the left engine

1.16.2 Fuel Sample Test and Analysis

Fuel sample taken from the incident aircraft was sent to a laboratory for analysis. The result
obtained for the tests conducted were consistent with the characteristics of a normal Jet fuel and

values of the parameters were within the prescribed limits. See Appendix 2 for details.
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1.17 Organisational and Management Information

1.17.1 The Operator

“CAVOK AIR” is a Limited Liability Company (Airline) established in 2011 and based in
Ukraine. It started operations on 26™ April, 2012 and has an Air Operators Certificate. The

main operations of the airline are:

e Air cargo transportation

e Dangerous goods and special cargo transportation
e Cargo charter operations with 24H flight watch

e Planning and flight support

e Obtaining diplomatic and special permits

The CAVOK Air fleet includes 7 Antonov An-12B and 1 Antonov An-74TK-100 involved in

the accident.

1.17.1.1 Extract from Aircraft Operations Manual (Part B)
3.2 ACTION IN COMPLEX SITUATIONS

3.2.1 Engine failure

3.2.1.1 General notes.

Symptoms of engine failure:

1. Turn and bank of the airplane to the side of faulty engine.
2. Warning annunciator LEFT ENG-FAIL (RIGHT ENG-FAIL) illuminates.

3. Intermittent buzzer warning sounds in the headphones of the crew members.
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4. Engine rotational speed loss.

3.2.1.3 Engine failure at take-off run (V>V1)

Continue take-off, for this:

% Keep the aircraft from turning and rolling using rudder pedals, ailerons deflecting.
% Carry out the lifting of nose landing gear at the 175...225 km/h speed
< Provide the incidence angle 7...8° using automatic pilot control (APC) (2...3%in pitch)

< After aircraft lift off provide roll to 3° to the operating engine side. No performing slip C
(slip indicating ball shall be declined at % diameter to rolling side)

¢ Pull up the aircraft to climbing with the simultaneous increase of the speed up to
205...245 km/h

1.17.2 National Institute of Civil Aviation (INAC)

National Institute of Civil Aviation otherwise known in Portuguese language as Instituto
Nacional de Aviacdo Civil (INAC) is the civil aviation regulatory authority of Sao Tome and
Principe. It is one of the departments in the Ministry of Infrastructures, Natural Resources and

Environment. INAC is concerned with the following main competencies:

e Cooperation with international organization on Civil Aviation.
e Agreements on air transport and other Civil Aviation matters.
e Permission for entry, exit and transit of aircraft.

e Certification and supervision of Airport and Aircraft management and Operation
agencies.

e Certification and Supervision of flight operations.
e Airworthiness Certification of Aircraft maintenance.
e General planning, approval and licensing of air navigation facilities.

e ATS Supervision.
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e Airspace regulation, navigation and air traffic services and procedures supervision.
e Approval and supervision of aeronautical training establishment
e Aeronautical Information Services Authority of appeal in matters of Civil Aviation

e Licensing of Aeronautical Personnel.

Sao Tome and Principe Civil Aviation Regulations has part 14 (Aerodrome Certification and
Operation) and part 17 (Air Traffic Service Certification and Operation). The National Law,

regulation and requirements has been in force since January, 2009.

1.17.2.1 Extracts from INAC Regulations

1.17.2.1.1 STPCAR PART 14 - Aerodrome Certification and Operation

14. D - AERODROME WILDLIFE PLANNING AND MANAGEMENT

14.10. D.05 APPLICABILITY

Subject to paragraph (b), this subsection applies to aerodromes

(1) that, within the preceding calendar year, had 2800 movements of operating aircraft;

(2) that are located in a built-up area and that in the opinion of the Authority should be certified

in the public interest and to enhance the safe operation of the aerodrome;
(3) that have a waste disposal facility within 5 km of the geometric centre of the aerodrome;

(4) that had an incident where a turbine-powered aircraft collided with wildlife other than a bird

and suffered damage, collided with more than one bird or ingested a bird through an engine; or

(5) where the presence of wildlife hazards, including those referred to in NI: 14.10.D.05, has

been observed in an aerodrome flight pattern or movement area.
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Subsection 14.10.D.15 applies to all aerodromes.
14.10. D.10 WILDLIFE STRIKES

The operator of an aerodrome shall keep records of all wildlife strikes at the aerodrome,

including those reported by
(1) Pilots;
(2) Ground personnel; and

(3) Aircraft maintenance personnel when they identify damage to an aircraft as having been

caused by wildlife strike.

Wildlife remains that are found within 60 meters of a runway or an airside pavement area are

presumed to be a wildlife strike unless another cause of death is identified.
The operator of an aerodrome shall submit a written and dated report to the Authority
(1) for each wildlife strike, within 30 days of its occurrence; or

(2) for all wildlife strikes that occur in a calendar year, before March 1 of the following calendar

year.

1.17.3 Airport Operator

Sao Tome and Principe National Airports and Air Safety Corporation otherwise known in
Portuguese language as Empresa Nacionalde Aeroportose Seguranga Aérea (ENASA) is the
Operator of Sao Tome International Airport (FPST/TMS).
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1.17.4 State Aviation Administration of Ukraine

State Aviation Administration of Ukraine is an agency of the Ukrainian government under the
Ministry of Infrastructure responsible for civil aviation. It regulates all aspect of civil aviation in

Ukraine. The head office is located in Kiev.

1.17.5 Kharkiv State Aircraft Production Enterprise

Kharkiv State Aircraft Production Enterprise was founded in 1926. Since that time, the company
has been producing different types of aircraft, civil and military, including combat trainer MiG-
15YTU, Tu-104 (the first jet airliner of the USSR), and Tu-134, which formed the basis of fleet

of Aeroflot and many other airlines.

The incident aircraft, AN-74TK-100 was manufactured by the company in 1992. It is one of the
three subsidiaries of the state-owned Antonov Aviation Concern. The other two subsidiaries
being: State Civil Aviation Enterprise Plant 410 and the Antonov Company itself - which builds

Ukraine's "An-" aircraft and operates "Antonov Airlines.”

1.18 Additional Information
1.18.1 Bird Strike

A bird strike is strictly defined as a collision between a bird and an aircraft which is in flight or
on a take-off or landing roll. The term is often expanded to cover other wildlife strikes with bats

or ground animals.

Bird Strike is common and can be a significant threat to aircraft safety. For smaller aircraft,
significant damage may be caused to the aircraft structure and all aircraft, especially jet-engine
ones, are vulnerable to the loss of thrust which can follow the ingestion of birds into engine air
intakes. This has resulted in a number of fatal accidents.
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Bird strikes may occur during any phase of flight but are most likely during the take-off, initial
climb, approach and landing phases due to the greater numbers of birds in flight at lower levels.

Since most birds fly mainly during the day, most bird strikes occur in daylight hours as well.

1.18.1.1 Effects

The nature of aircraft damage from bird strikes, which is significant enough to create a high risk
to continued safe flight, differs according to the size of aircraft. Small, propeller-driven aircraft
are most likely to experience the hazardous effects of strikes as structural damage, such as the
penetration of flight deck windscreens or damage to control surfaces or the empennage. Larger
jet-engine aircraft are most likely to experience the hazardous effects of strikes as the
consequences of engine ingestion. Partial or complete loss of control may be the secondary result
of either small aircraft structural impact or large aircraft jet engine ingestion. Loss of flight
instrument function can be caused by impact effects on the Pitot-Static System air intakes which

can cause dependent instrument readings to become erroneous.

Complete Engine failure or serious power loss, even on only one engine, may be critical during
the take-off phase for aircraft which are not certificated to 'Performance A’ standards. In the case
of bird ingestion into more than one engine, all aircraft are vulnerable to loss of control. Such
hazardous ingestion is infrequent but may result from the penetration of a large flock of medium

sized birds or an encounter with a smaller number of very large ones.

In some cases, especially with smaller fixed wing aircraft and helicopters, windscreen
penetration may result in injury to pilots or other persons on board and has sometimes led to loss

of control.

Although relatively rare, a higher altitude bird strike to a pressurized aircraft can cause structural
damage to the aircraft hull which, in turn, can lead to rapid depressurization. A more likely cause
of difficulty is impact damage to extended landing gear assemblies in flight, which can lead to
sufficient malfunction of brakes or nose gear steering systems to cause directional control

problems during a subsequent landing roll. A relatively common but avoidable significant
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consequence of a bird strike on the take-off roll is a rejected take-off decision which is either
made after V1 or which is followed by a delayed or incomplete response and which leads to

a runway excursion off the departure end of the runway.

1.18.1.2 Mitigation

The primary defence against hazardous bird strikes stems from the requirements for continued
safe flight after strikes which are included in the airworthiness requirements of the Aircraft
Type and Aircraft Engine Type Certification processes. However, these requirements are not a
complete protection and are also mainly focused on large fixed wing transport aircraft. The

relevant design requirements for smaller fixed wing aircraft and helicopters are very limited.

The opportunities to mitigate the risk of hazardous bird strikes in the first place are centred on
airports, because this is where the greatest overall volume of conflict occurs, and because this is
where management and control of the hazard is most easily achieved. However, there are two

problems with this approach:

1. The airport-centred bird strike risk is rarely confined to the perimeter of any particular

airport

2. Many of the most hazardous strike encounters such as those with large flocking birds take
place so far from the airport that the airport operating authority will often have little real

influence over the circumstances.

Therefore, establishing and monitoring levels of bird activity is important, and a critical part of
this process includes the recording of bird strikes at the local level. This then provides the

opportunity to build up a larger database and to share the information.

Guidance on effective measures for establishing whether or not birds, on or near an aerodrome,
constitute a potential hazard to aircraft operations, and on methods for discouraging their
presence, is given in the ICAO Airport Services Manual, Part 3. Further detail is provided in a

number of State-published documents which are useful beyond their jurisdictions.
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1.18.1.3 Factors Influencing Birds Activities at Airports Vicinity

>

Habitat features, including open areas of grass and water as well as shrubs and trees,
provide food and roosting sites for birds. Even transient water accumulation on uneven
pavements can be a significant bird attractant.

Landfill and other waste disposal sites often attract large numbers of birds if they are not
carefully managed.

Some types of agricultural activity, on or in the vicinity of an airport, may attract birds.
Migrating birds often follow well-defined flight paths in considerable numbers. This can
create a hazard if the flight paths are near an airport.

Airports in coastal locations often have a much higher level of un-managed bird activity
than do inland airports.

Most airports contain considerable areas of grass within their perimeters. Since even dry
grass can be attractive as a loitering area for birds by day or night, appropriate grass

management policies, especially the grass height maintained, can be very important.

1.18.1.4 Solution

>

Habitat management, including reduction or elimination of trees, shrubs and other plants
which provide food, shelter or roosting sites for birds.

Netting or draining of streams, routinely wet grassland and areas of standing water.
Prevention of transient formation of such areas after heavy rainfall.

Aerodrome grass management appropriate to the prevalent species and the degree of risk
that they pose.

Liaison with local authorities to ensure that landfill waste disposal sites are not operated
SO as to create an aircraft hazard.

Liaison with local farmers to limit the attraction of birds to fields.

Use of bird scaring techniques such as:

o Broadcast of bird distress signals;
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o Firing of pyrotechnic bird-scaring cartridges.
» Tactical detection of large flocking birds using specialized ground-based radar

equipment.

1.18.2 Bird Strike Performance A

Modern aircraft are designed and built according to strict standards which are laid down by
national and international authorities to comply with International Civil Aviation Organization
(ICAO) Annex 8 (Airworthiness). In Europe, aircraft design must also comply with European
Aviation Safety Agency (EASA) standards.

Aircraft manufacturers publish full details of aircraft performance in the Airplane Flight Manual
(AFM), together with the approved aircraft operating techniques necessary to achieve AFM

performance.

Aircraft must be able to operate safely throughout their flight regime in such a way that a safe
outcome will result from specified malfunctions (e.g. power unit failure), occurring at any point

throughout the flight range.

1.18.2.1 Take-off and Landing Performance

The maximum aircraft mass at take-off is the maximum mass calculated for the aircraft type, the
runway elevation, length, slope and braking action, and the prevailing weather conditions such

that the aircraft can:

» Maintain specified minimum rates of climb after take-off with full power and with one
power unit inoperative;

> If a power unit failure is detected during the take-off run, either:

o abandon the take-off and stop within the runway length; or,
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o continue the take-off, clearing all obstacles during the climb-out path by a

specified margin.

» Continue with the flight with one engine inoperative, either returning to the departure
airfield, the destination, or a specified alternate airfield clearing all terrain en-route by
specified margins.

» Land safely at the departure airfield, the destination or the specified alternate airfield.

The correct operating technique requires the aircraft to be flown at specified configurations®,
power settings and speeds corresponding to the actual aircraft mass throughout the take-off,

initial climb, approach and landing.

1.18.2.2 En-route Performance

The manufacturer specifies the maximum operating altitude when full power is available and
also when operating with one or more engines inoperative. Climb, cruise and descent data is also
published for one or more operating techniques and for all permissible altitudes and
temperatures. Data comprises power settings, indicated air speed or Mach No, true air speed and

fuel consumption.

1.18.3 Bird Strike Certification Standards

Although the great majority of reported bird strikes have little or no effect on continued safe
flight, a small number of encounters, usually with flocks of birds and especially flocks of large

birds, can damage aircraft or their engines so badly that they cannot continue to fly.

Current aircraft certification standards therefore include requirements to demonstrate both

airframe and engine resistance to bird impact. The standards which apply are those in place at the

Configuration refers to the number of power units operating, whether flaps, landing gear or speed brakes are

extended
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time of introduction of a new aircraft type or engine. Experience of Accident and Incidents has
led to progressively tougher requirements although, as with most certification standards, with
arrangement under which later derivatives of an initial aircraft type design can be manufactured
under variations to the original Type Certificate; thereby avoiding the more complex procedures
involved in gaining approval under a completely new Type Certificate. This implies that new
requirements are not retrospectively applied to aircraft and engines that have been in-service.
The Standards established by both the FAA and EASA are essentially similar but are not yet
fully harmonized. However, new aircraft and engine types have to meet both standards so that
more demanding of each applies in each instance. Assurance that certification standards have
been met is achieved by various means including ground testing using dead birds, of specified

weights and quantities, at representative impact speeds.

1.18.3.1 Bird Impact Forces

For any given impact, the most important determinant of damage potential is the speed of
impact. This is because the kinetic energy, which has to be absorbed by the airframe or within
the engine, is the product of mass and the square of the speed. Clearly, the speed of the aircraft,
rather than that of the bird, makes up nearly all of the closing speed of impact so that, except for
very small aircraft, aircraft speeds are directly proportional to the damage potential for collision
with a particular object. Civil aircraft speeds are generally at their lowest where most birds are
found - near the ground - but increase progressively with altitude until the bird hazard disappears
at somewhere above Flight Level (FL) 200. What has been convincingly demonstrated from
incident data analysis is that, although the number of recorded bird impacts reduces rapidly with
altitude, the greater the altitude, the greater the proportion of bird strikes which produce major

damage.

Apart from speed, a number of factors have been identified as influencing the damage a bird
impact can cause. These are all considered during the design of both aircraft and engines in an

attempt to understand the robustness of structures and engines to bird impact from first principles
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as well as to prepare to meet certification standards. They include, with the most common

simplifying assumptions shown in parenthesis:
o Bird weight
« Bird density
o Bird rigidity (deformation by 50% of its shape)
e Angle of impact (90 degrees)

o Impact surface shape (flat)

Impact surface rigidity (no deformity)

It is also important to understand that the kinetic energy which is absorbed by an airframe during
an impact is 'converted’ into an effective force on that airframe based upon the distance over
which the impact is 'delivered'. This notional distance is the product of the various simplifying
assumptions listed above. The only additional assumption required to calculate impact force is
that mass = weight.

Structural damage is, therefore, proportional to impact force rather than the quantity of kinetic
energy absorbed. The forces are large, however the order of magnitude and their concentration
over a very small area means that there is little prospect of 'hardening' any engine or airframe to
completely resist such a force and certification standards tend to address the containment of the

effects of bird impacts.

1.18.3.2 Engine Certification Standards

Current standards, for both multiple and single bird engine ingestions into a single fixed wing
aircraft engine, exist in equivalent form in 14 CFR Part 33-77 and in EASA Airworthiness Code
CS-E 800 ’Bird Strike and Ingestion’. The basic requirements for engine ingestion were revised

in 2000 to take account of both evidence of an increase in the size of birds impacting aircraft and
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issues raised by the development of very large inlet, high bypass ratio, engines. The

requirements, to be demonstrated by testing, are, in outline, now as follows:

That at a typical initial climb speed and take-off thrust, ingestion of a single bird of
maximum weight between 1.8kg and 3.65kg dependent upon engine inlet area shall not
cause an engine to catch fire, suffer uncontained failure or become impossible to shut
down and shall enable at least 50% thrust to be obtained for at least 14 minutes after
ingestion. These requirements to be met with no thrust lever movement on an affected

engine until at least 15 seconds of post impact have elapsed.

That at a typical initial climb speed and take-off thrust, ingestion of a single bird of
maximum weight 1.35kg shall not cause a sustained thrust or power loss of more than
25%, shall not require engine shut down within 5 minutes and shall not result in

hazardous engine condition.

That at a typical initial climb speed and take-off thrust, simultaneous ingestion of up to 7
medium sized birds of various sizes between weight 0.35kg and weight 1.15kg, with the
number and size depending upon the engine inlet area, shall not cause the engine to
suddenly and completely fail and it shall continue to deliver usable but slowly decreasing
minimum thrust over a period of 20 minutes after ingestion. [Engines with inlet sizes of
less than 0.2 m? (300 square inches) only have to meet the standard for a single bird of

this weight]

That at a typical initial climb speed and take-off thrust, simultaneous ingestion of up to
16 small sized birds of weight 0.85kg, with the number dependent upon the engine inlet
area, shall not cause the engine to suddenly and completely fail and it shall continue to
deliver usable but slowly decreasing minimum thrust over a period of 20 minutes after

ingestion.

The following failure definitions apply to the Engine for bird strike certification:
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(1)  An Engine Failure in which the only consequence is partial or complete loss of
thrustor power (and associated Engine services) from the Engine must be
regarded as a Minor Engine Effect.

(2)  The following effects must be regarded as Hazardous Engine Effects:

i.  Non-containment of high-energy debris,
i.  Concentration of toxic products in the Engine bleed air for the cabin
sufficient to incapacitate crew or passengers,
iii.  Significant thrust in the opposite direction to that commanded by the pilot,
iv.  Uncontrolled fire,
v.  Failure of the Engine mount system leading to inadvertent Engine
separation,
vi.  Release of the propeller by the Engine, if applicable,
vii.  Complete inability to shut the Engine down.
(3)  An effect falling between those covered in (1) and (2) must be regarded as a

Major Engine Effect.

1.18.3.3 Airframe Certification Standards

Current standards for the impact of a single bird with a large aircraft airframe exist in both 14
CFR Part 25-571 and in EASA CS-25.631 as design requirements for which means of
compliance are provided. This means that an airplane must be capable of continued safe flight

and landing after hitting a 1.8 kg bird at the more critical of:
eV, (cruise speed) at mean sea level or
o 85% of V. at 8000 feet altitude.

The FAA (only) has an additional requirement under 14 CFR Part 25-631 that an airplane must
be capable of continued safe flight and a subsequent normal landing after the empennage

structure has been impacted by an 3.6 kg bird at cruise speed (V) at mean sea level.
In addition, both EASA CS-25 and 14 CFR Part 25 require that:
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e Windshield integrity after single bird impact requires that the inner ply must be non-
splintering and the panes directly in front of the pilots must withstand, without

penetration, a 1.8 kg bird at cruise speed at mean sea level
o Pitot-tubes must be far enough apart to preclude damage from a single bird impact

Under EASA CS-23.775 and 14 CFR Part 23.775, smaller aircraft are required only to have
limited windshield integrity; a demonstrated single bird impact resistance of up to 0.91 kg at
maximum approach flap speed and at least one pane with sufficient forward vision remaining to

allow continued safe flight.

1.18.4 Airport Bird Hazard Management

Since aircraft bird strike hazard is greatest at low altitudes (because that is where bird activity is
most heavily concentrated) and at or near airports (because that is where the greatest

concentration of aircraft is found), much of the focus on bird hazard management is on airports.

Operators of aircraft have a reasonable expectation that any bird hazard which may exist at an
airport that they utilize will be controlled to a level which eliminates exceptional risk. Many
States have detailed guidelines and compliance procedures to ensure that their airports achieve
this but, despite the existence of related ICAO SARPs, there is no uniformity of achieved

standards.

1.18.4.1 Principles of Effective Risk Management

The extent of a bird hazard at any particular airport location is widely variable. While there are
many potential solutions and strategies available, not all are necessarily relevant to the particular
circumstances of a specific airport. The most important action, upon which any risk management
strategy must be founded, is knowing the nature of the (unmanaged) hazard. This may vary by

time of day and seasonally and must be related to the likely pattern of aircraft movements. Once
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a risk management plan is in place, it must be recognized that it is still necessary to monitor
proactively for any detectable change in the assumptions upon which the plan was based. This is
necessary in order to try and avoid complete reliance upon the reaction to an increase in the level
of a recorded hazard as the trigger for any modification to the plan.

As with all risk management, an SMS approach to risk management is essential. The activity
must be founded on accountability, co-operation between stakeholders, proper documentation
and an effective review procedure. All this needs to be facilitated by human and financial

resources compatible with the task.

1.18.4.2 Components of Risk Management

One aspect of risk management similar for all airports, is maintaining a reliable record of the
hazard remaining despite the implementation of the risk management plan. In respect of actual
bird strikes to aircraft, this is a requirement included in ICAO SARPs. Liaison with Operators is
likely to be necessary to ensure full data capture and to exclude double counting. It is also
important to keep records of changes to the risk mitigation actions in place under the risk

management plan, so that the effects on the level of residual hazard recorded can be monitored.

It is likely that airports will need the services of specialist advisers to assist in the initial

preparation and ongoing review of the risk management plan.

Many of the ‘tools’ at the disposal of airport operators will find at least some place in any risk
management plan but not necessarily to the same degree. These are essentially considered in

three categories:

I. Airport Habitat Management - grass and surface water (including transient
accumulations) management, exclusion of roosting opportunities in buildings and trees

within the airport perimeter
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Il.  Airport Locality Habitat Review (i.e. that area beyond the airport perimeter where bird
attractants or related bird activity have the potential to directly affect the operational
safety of aircraft using the airport).

I1l.  Active on-airport control systems - bird activity monitoring, bird deterrence methods,
ATC alerting channels. The selection of a balance of appropriate risk management
methods will depend not only on the apparent effectiveness of deterrence of birds, but

often on an understanding of any particular reasons why given species are present.

1.18.4.3 Operators Checklist for Bird Strike Hazard Management

1. Aircraft operators should be given specific, timely and reliable information which will
allow them to adapt their flight schedules in order to ensure the safety of their aircraft,
just as they would do to mitigate other hazards such as wind shear, icing, and volcanic

ash.

2. Operators are to always have access to up to date bird strike rates for each airport.
Operators may use their own data if movements are sufficient, or may use that for all
airport movements if movements are not sufficient. Where high relative rates are
identified, operators should ensure that further investigation of the circumstances is

carried out with the assistance of the airport operator.

3. Operators should ensure that flight crew are properly informed about known bird hazards
which may affect them before commencing their flights, whether such information is
published in AIPs, NOTAMs or BIRDTAMs (where available), or has been directly
determined by the Operator. (Unless a specific effort is made to facilitate this, the
pressures of time during pre-flight briefings has often resulted in such awareness not

being gained).

4. Operators should ensure that flight crew are provided with appropriate guidance on
response to the hazard. Particular attention should be given to engine ingestion for both

the short final case (do not attempt a go around) and the take-off roll case (do not attempt
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a rejected take off at high speed unless it is positively assessed that it is unlikely that it
will be possible to get safely airborne.) Tactical mitigation of unexpected bird hazard is
an important element of risk management , many accidents and serious incidents have

resulted from inappropriate flight crew responses to bird encounters.

Ensure that flight crew make reports on all actual or suspected bird strikes and any
instances of observed bird activity which they consider could have been hazardous. It is
important that flight crew have sufficient familiarity with bird species to recognize and
record at least species groups and that, when reporting actual or suspected engine
ingestion of birds, they record any observed engine thrust or torque fluctuations which

might have been associated with an ingestion event.

Have unequivocal guidelines in place for appropriate levels of maintenance inspection
after any flight during which actual or suspected bird strike has occurred, especially if
engine ingestion is or may be involved. These should be founded upon an operating
culture which achieves a flight crew entry in the aircraft Technical Log after any such
occurrence and clear procedures on the necessary authority to clear or defer such an

entry.

Even if there are no applicable ATC speed restrictions, apply a Company Maximum
Speed below FL100 / 10000 feet for both climb and descent. This will ensure that
damage from any impact with the larger birds that increasingly predominate at higher

altitudes is minimized

If a particular airport, used by pure jet engine aircraft, is identified as having an above
average risk of bird strike during initial climb then consideration should be given to
introducing an SOP for that airport to fly the ICAO Noise Abatement Departure
Procedurel (NADP 1). This will minimize the probability of strikes at low level where
bird density is highest because of the high climb rate and will also minimize the extent of
any damage if birds are ingested due to the minimum climb speed.
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1.18.5 Engine Compressor Surge
1.18.5.1 Compressor Stall

A compressor stall is a local disruption of the airflow in a gas turbine or turbocharger
compressor. It is related to compressor surge which is a complete disruption of the flow through
the compressor. Stalls range in severity from a momentary power drop (occurring so quickly it is
barely registered on engine instruments) to a complete loss of compression (surge) necessitating

a reduction in the fuel flow to the engine.

Stall was a common problem on early jet engines with simple aerodynamics and manual or
mechanical fuel control units, but has been virtually eliminated by better design and the use of
hydro mechanical and electronic control systems such as Full Authority Digital Engine Controls.
Modern compressors are carefully designed and controlled to avoid or limit stall within an

engine's operating range.

Figure 12: Picture showing Airflow separating from an aerofoil at a high angle of attack, as
occurs during stall.
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Figure 13: A picture of an axial compressor showing both the stator and rotor blades

1.18.5.2  Types of Compressor Surge
There are two types of compressor stall:
1. Rotating stall

Rotating stall is a local disruption of airflow within the compressor which continues to provide
compressed air but with reduced effectiveness. Rotating stall arises when a small proportion of
the airfoil experiences airfoil stall disrupting the local airflow without destabilizing the
compressor. The stalled airfoils create pockets of relatively stagnant air (referred to as stall cells)
which, rather than moving in the flow direction, rotate around the circumference of the
compressor. The stall cells rotate with the rotor blades but at 50% to 70% of their speed,
affecting subsequent airfoils around the rotor as each encounters the stall cell. Propagation of the
instability around the flow path annulus is driven by stall cell blockage causing an incidence

spike on the adjacent blade. The adjacent blade stalls as a result of the incidence spike, thus
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causing stall cell "rotation™ around the rotor. Stable local stalls can also occur which are axi-
symmetric, covering the complete circumference of the compressor disc but only a portion of its

radial plane, with the remainder of the face of the compressor continuing to pass normal flow.

A rotational stall may be momentary, resulting from an external disturbance, or may be steady as
the compressor finds a working equilibrium between stalled and unstalled areas. Local stalls
substantially reduce the efficiency of the compressor and increase the structural loads on the
aerofoils encountering stall cells in the region affected. In many cases however, the compressor
aerofoils are critically loaded without capacity to absorb the disturbance to normal airflow such
that the original stall cells affect neighbouring regions and the stalled region rapidly grows to

become a complete compressor stall. And the second part is individual stall
2. Axi-symmetric stall or compressor surge

Axi-symmetric stall, more commonly known as compressor surge; or pressure surge, is a
complete breakdown in compression resulting in a reversal of flow and the violent expulsion of
previously compressed air out through the engine intake, due to the compressor's inability to
continue working against the already-compressed air behind it. The compressor -either
experiences conditions which exceed the limit of its pressure rise capabilities or is highly loaded
such that it does not have the capacity to absorb a momentary disturbance, creating a rotational

stall which can propagate in less than a second to include the entire compressor.

The compressor will recover to normal flow once the engine pressure ratio reduces to a level at
which the compressor is capable of sustaining stable airflow. If, however, the conditions that
induced the stall remain, the return of stable airflow will reproduce the conditions at the time of
surge and the process will repeat. Such a "locked-in" or self-reproducing stall is particularly
dangerous, with very high levels of vibration causing accelerated engine wear and possible

damage, even the total destruction of the engine.
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1.18.5.3 Causes

A compressor will only pump air in a stable manner up to a certain pressure ratio. Beyond this
value the flow will break down and become unstable. This occurs at what is known as the surge
line on a compressor map. The complete engine is designed to keep the compressor operating a
small distance below the surge pressure ratio on what is known as the operating line on a
compressor map. The distance between the two lines is known as the surge margin on a
compressor map. Various things can occur during the operation of the engine to lower the surge
pressure ratio or raise the operating pressure ratio. When the two coincide there is no longer any
surge margin and a compressor stage can stall or the complete compressor can surge as explained

in preceding sections.

1.18.5.4 Factors which erode compressor surge margin
The following, if severe enough, can cause stalling or surging.

« Ingestion of foreign objects which results in damage, as well as sand and dirt erosion, can

lower the surge line.

« Dirt build-up in the compressor and wear that increases compressor tip clearances or seal

leakages all tend to raise the operating line.

o Complete loss of surge margin with violent surging can occur with a bird strike. Taxiing
on the ground, taking off, low level flying (military) and approaching to land all take
place where bird strikes are a hazard. When a bird is ingested by a compressor the
resultant blockage and aerofoil damage causes compressor surging. Examples of debris
on a runway or aircraft carrier flight deck that can cause damage are pieces of tire rubber,
litter and nuts and bolts. A specific example is a metal piece which dropped from another
plane. Runways and aircraft carrier flight decks are cleaned frequently in an attempt to

preclude ingestion of foreign objects.
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« Aircraft operation outside its design envelope; e.g., extreme flight manoeuvres resulting
in airflow separations within the engine intake, flight in icing conditions where ice can

build up in the intake or compressor, flight at excessive altitudes.

« Engine operation outside its flight manual procedures; e.g., on early jet engines abrupt
throttle movements (slam acceleration) when pilot's notes specified slow throttle
movements. The excessive over fueling raised the operating line until it met the surge

line. (Fuel control capability extended to automatically limit the over fuelling to prevent

surging).

e Turbulent or hot airflow into the engine intake, e.g. use of reverse thrust at low forward
speed, resulting in re-ingestion of hot turbulent air or, for military aircraft, ingestion of

hot exhaust gases from missile firing.

e Hot gases from gun firing which may produce inlet distortion.

1.18.5.5 Effects

Compressor axially-symmetric stalls, or compressor surges, are immediately identifiable because
they produce one or more extremely loud bangs from the engine. Reports of jets of flame
emanating from the engine are common during this type of compressor stall. These stalls may be
accompanied by an increased exhaust gas temperature, an increase in rotor speed due to the large
reduction in work done by the stalled compressor and — in the case of multi-engine aircraft
yawing in the direction of the affected engine due to the loss of thrust. Severe stresses occur
within the engine and aircraft, particularly from the intense aerodynamic buffeting within the

compressor.
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1.18.5.6 Response and Recovery

The appropriate response to compressor stalls varies according to the engine type and situation,
but usually consists of immediately and steadily decreasing thrust on the affected engine. While
modern engines with advanced control units can avoid many causes of stall, jet aircraft pilots

must continue to take this into account when dropping airspeed or increasing throttle.

1.18.6 Engine Failure during Take-Off

In the early days of jet engine powered transport aircraft, engine failures, in all phases of flight,
were a fairly frequent occurrence. Statistics from the 1960's indicate that failures resulting in in-
flight shutdowns occurred at an approximate rate of 40 per 100,000 flight hours (or 1 per 2,500
flight hours). This rate is the equivalent of every engine failing once every year. By contrast, the
failure rate of the engines installed on current generation aircraft have a failure rate of less than 1
per 100,000 flight hours.

Infrequent as this might seem, engines do fail and a failure during take-off has very serious
safety of flight implications. The aerodynamic effects of the failure and the immediate actions by
the flight crew, which are necessary to ensure an acceptable outcome, are similar to those in a
light, twin engine aircraft. However, unlike their smaller cousins, the certification criteria for
multi-engine transport category jet aircraft require that the aircraft be capable of achieving a
specified minimum climb rate, which will ensure obstacle clearance, should an engine failure

occur on take-off.
Regulatory Requirements

The National Aviation Authority (NAA) for each sovereign state is responsible for issuing an
aircraft type certificate, in accordance with the guidance provided in the ICAO Standards and
Recommended Practices (SARPS), for aircraft that are registered within its jurisdiction. While
the SARPS provide the agreed minimum requirements for type certification, each NAA has the
right to insist that additional criteria be satisfied before an aircraft type certificate will be issued.
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Within the European Union, type certificates are issued by the European Aviation Safety Agency
(EASA).

Aircraft Type Certification

There are many safety and performance requirements that must be met before an aircraft will be
issued a type certificate. For multi-engine, transport category jet aircraft, minimum runway
requirements that allow the safe rejection or continuation of a take-off in the event of a failure
and the ability to comply with minimum specified engine out climb gradients and obstacle

clearance criteria are both critically important.
Minimum Runway Requirements

Regulatory criteria for minimum runway requirements encompass multiple calculations inclusive
of Take-off Distance (TOD), Take-off Run (TOR) and Accelerate Stop Distance (ASD). The
most limiting of these criteria, based on aircraft weight and prevailing atmospheric conditions,
defines the minimum runway required for take-off. Note that, depending upon the regulations
under which the aircraft certification is granted, these distances may have to take into

consideration the runway distance lost during line-up.
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Figure 14: An lllustration of defined runway distances
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Take-off Distance (TOD)
The Take-off Distance on a dry runway is the greater of the following values:

o Distance covered from the brake release to a point at which the aircraft is 35 feet above
the take-off surface, assuming the failure of the critical engine at Ver (Engine Failure

Speed) and recognized at V;

e 115% of the distance covered from brake release to a point at which the aircraft is 35 feet

above the take-off surface, assuming all engines operating
The Take-off Distance on a wet runway is the greater of:
o Take-off Distance on a dry runway (see above)

« Distance covered from brake release to a point at which the aircraft is 15 feet above the
take-off surface, ensuring that the V, speed can be achieved before the airplane is 35 feet
above the take-off surface, assuming failure of the critical engine at Vg and recognized
at Vi

Take-off Distance must not exceed the Take-off Distance Available (TODA), with a clearway
distance not to exceed half of the TODA

Take-off Run (TOR)

Take-off Run (TOR) calculations incorporate the operational advantage of a designated clearway

when one is present on the departure runway. If no clearway exists, TOR = TOD.

When a clearway exists, the Take-off Run on a dry runway is the greater of the following

values:

o Distance covered from brake release to a point equidistant between the point at which
V. or (Lift-off Speed) is reached and the point at which the aircraft is 35 feet above the

take-off surface, assuming failure of the critical engine at Vgr and recognized at V;
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e 115% of the distance covered from brake release to a point equidistant between the point
at which VoF is reached and the point at which the aircraft is 35 feet above the take-off

surface, assuming all engines operating
When a clearway exists, the Take-off Run on a wet runway is the greater of:
. Take-off Distance (TOD) wet runway

o 115 % of the distance covered from brake release to a point equidistant between the
points at which V| of is reached and the point at which the aircraft is 35 feet above the take-off

surface, assuming all engines operating.
Take-off Run must not exceed Take-off Run Available (TORA)
Accelerate Stop Distance (ASD)
Accelerate Stop Distance calculations assume the following:
o Delay between Vg and V; = 1 second

e ASD is determined with the wheel brakes at the fully worn limit of their allowable wear

range

o reverse thrust is not considered for a dry runway distance determination, it can be used

for wet runway calculations
The Accelerate Stop Distance on a dry runway is the greater of the following values:
e Sum of the distances necessary to:
1. Accelerate the airplane with all engines operating to Ve

2. Accelerate from Vgr to Vi (assumes that engine fails at Ve and first action to reject is
taken at V1)

3. Come to a full stop

52



Aircraft Accident Report
CVK/2017/07/29/F

UR-CKC

4. Plus an additional distance equivalent to 2 seconds at constant V; speed
e Sum of the distances necessary to:

1. Accelerate the airplane with all engines operating to V; (assumes that first stopping

actions are taken at V;)
2. With all engines still operating come to a full stop
3. Plus an additional distance equivalent to 2 seconds at constant V; speed
The Accelerate Stop Distance on a wet runway is the greatest of:
e ASD on adry runway (see above)
e Sum of the distances on a wet runway necessary to:
1. Accelerate the airplane with all engines operating to Ve

2. Accelerate from Vgr to V3 (assumes that engine fails at Ver and first action to reject is
taken at V1)

3. Come to a full stop
4. Plus an additional distance equivalent to 2 seconds at constant V; speed
e Sum of the distances on a wet runway necessary to:

1. Accelerate the airplane with all engines operating to V; (assumes that first stopping
actions are taken at V1)

2. With all engines still operating come to a full stop
3. Plus an additional distance equivalent to 2 seconds at constant V; speed

Note: Depending upon the criteria under which the aircraft was certified, the additional 2
seconds distance equivalent might not be required.
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Accelerate Stop Distance must not exceed the Accelerate Stop Distance Available (ASDA)
Loss of Runway Length during line up

Declared distances such as TORA and ASDA are based on measurements from the runway
threshold. However, unless the aircraft enters the runway from a point prior to the threshold, it is
not possible to use the full length of the runway. Aircraft typically enter the take-off runway
from an intersecting taxiway. The aeroplane must then be turned to align it on the runway in the
direction of take-off. In some cases, it may be necessary to backtrack on the runway and turn
through 180° before the take-off run can be initiated. FAA regulations do not explicitly require
airplane operators to take into account the runway distance used to align the aero plane on the
runway for take-off. However, EASA regulations require that the applicable distance be taken
into consideration. When required, the TODA and TORA must be reduced by the distance from
the runway threshold to the main landing gear and ASDA reduced by the distance from the
threshold to the nose gear. Manufacturers will provide minimum line up distances required for
both 90° and 180° turns.

Some Operators provide data which takes loss of runway length during line up into account. All
crews must be familiar with the assumptions made in the production of their own company’s

data.
Effects of Engine Failure
On the Runway

If a multi-engine aircraft suffers an engine failure during the take-off roll, the aircraft will yaw
towards the failed engine. If the airspeed at the time of the failure is at or above Vminimum control
ground (Vmeg), directional control on the runway can be maintained utilizing only aerodynamic
controls. At a speed below Vg, directional control will not be possible unless thrust on the
operating engine(s) is (are) also reduced. In any event, if the airspeed at the time that the failure

is recognized is less than V1, the take-off must be rejected.
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Flight Crew Actions

During pre-flight preparation:

Using the Electronic Flight Bag or the appropriate performance charts, determine the
maximum take-off weight (MTOW) for the runway in use, anticipated atmospheric

conditions and intended aircraft configuration

Confirm that actual aircraft weight does not exceed the calculated maximum allowable

weight

Complete performance calculations to determine speeds and thrust settings (inclusive of

reduced thrust criteria where appropriate or applicable)

Review and brief the Emergency Turn procedure inclusive of routing, turns and turn

altitudes, acceleration altitude and safe altitudes

During the take-off roll:

Use appropriate line up technique to ensure charted runway length is available
Apply thrust using manufacturer's recommended procedures

Confirm actual thrust meets or exceeds calculated thrust

In the event of an engine failure prior to V, reject the take-off

o ADVISE Air Traffic Control (ATC) that the take-off has been rejected using

appropriate emergency communication protocols

In the event of an engine failure after V;:

Establish and maintain directional control with appropriate rudder input

Rotate at V, and establish a climb speed of V,
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o If the failure occurs after the aircraft is airborne, a climb speed of between V, and

V, + 10 is acceptable

Utilise appropriate aileron input to maintain wings level. At, or near, Vminimum control air

(Vmca), @ much as a 5° bank away from the dead engine may be required
When safely airborne and established in a positive climb, retract the landing gear
o Establish or maintain the Emergency Turn routing

Initiate ECAM / EICAS / Emergency Checklist procedures as per manufacturer and
Company policy

o Establish or maintain the Emergency Turn routing

Maintain V; and take-off thrust until reaching acceleration altitude. Acceleration altitude
will be the highest of 400" AGL, Emergency Turn procedure published acceleration
altitude or Company standard acceleration altitude

o Establish or maintain the Emergency Turn routing

At acceleration altitude, maintain take-off thrust, level the aircraft (see note below) and
accelerate to Vs retracting flaps on schedule.

o Establish or maintain the Emergency Turn routing

Once in clean configuration, maintain Vgs, resume climb and reduce thrust to maximum

continuous
o Establish or maintain the Emergency Turn routing
ADVISE ATC using appropriate emergency communication protocols

o note that if the Emergency Turn profile has or will result in a departure from the
cleared routing, ATC should be notified as soon as it is practical to do so
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e Reaching a safe altitude, comply with any enroute climb requirements, complete any
appropriate emergency or QRH checklists, determine plan of action (diversion or

recovery) and advise ATC

Note: The acceleration profiles utilized by VNAV and FLCH modes do not necessarily
command the aircraft to fly level at Acceleration altitude in the event of an engine failure. With
all engines operating, VNAV & FLCH will use the algorithm 60% climb, 40% acceleration. In
the event of an engine failure, the algorithm is reversed with 40% climb, 60% acceleration. As a

consequence, at light weights the APFDS may command a climb during the acceleration phase.
Defences

Crew members must make themselves familiar with the explanatory notes to their performance
data. Better utilization of date could only be achieved by gaining an understanding of the

assumptions made in the calculations.

If aircraft engines were 100% reliable, engine failure during take-off would never occur. Over
the years, manufacturers have made great improvements in the reliability of their products and
the failure rate of turbine engines has decreased with each generation. It is unlikely, however,

that the potential for engine failure will ever be completely eliminated.

Maintenance personnel can reduce the risk of failure by ensuring that the engines are maintained
to the manufacturer’s recommendations. Ground crew and flight crew must ensure during their
pre-flight and post flight inspections that all fluids are adequate, that there are no obvious leaks

or damage and that the fuel supply is free from water or other contamination.

Flight crew/dispatch performance calculations must ensure that the aircraft can meet regulatory

requirements in the event of an engine failure during the take-off.

Flight crew should have a thorough understanding of the aerodynamics of a failure and clearly

understand the actions that must be taken should a failure occur.

Finally, crews must be completely familiar with their Company procedures which will always

take priority.
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1.18.7 Rejected Take-off (RTO)

Boeing studies indicate that approximately 75 percent of RTOs are initiated at speeds less than
148 km/h and rarely result in an accident. About 2 percent occur at speeds in excess of 222 km/h.

The overruns and incidents that occur invariably stem from these high-speed events.

A take-off may be rejected for a variety of reasons, including engine failure, activation of the
take-off warning horn, direction from air traffic control (ATC), blown tires, or system warnings.
In contrast, the large number of take-offs that continue successfully with indications of airplane
system problems, such as master caution lights or blown tires, are rarely reported outside the
airline’s own information system. These take-0ffs may result in diversions or delays, but the
landings are usually uneventful. In fact, in about 55 percent of RTOs the result might have been
an uneventful landing if the take-off had been continued, as stated in the Take-off Safety
Training Aid published in 1992 with the endorsement of the U.S. Federal Aviation
Administration (FAA).

Some of the lessons learned from studying RTO accidents and incidents include the following:

» More than half the RTO accidents and incidents reported in the past 30 years were
initiated from a speed in excess of V;.

» About one-third were reported as occurring on runways that were wet or contaminated
with snow or ice.

» Only slightly more than one-fourth of the accidents and incidents actually involved any
loss of engine thrust.

> Nearly one-fourth of the accidents and incidents were the result of wheel or tire failures.

> Approximately 80 percent of the overrun events were potentially avoidable by following

appropriate operational practices.

In 1989 the U.S. Federal Aviation Administration (FAA) urged the aviation industry to take steps
to reduce the number of overrun accidents and incidents resulting from high-speed rejected take-

offs (RTO). This led to the formation of an international take-off safety task force, with members
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from airlines, regulatory agencies, pilot unions, and manufacturers. The task force produced nine

recommendations, including the following three directly related to training:

> Develop model training practices.
» Develop model operational guidelines.
» Improve simulator fidelity.

These will improve the pilots’ decision making and procedural accomplishment in case of

failures during take-off.

Statistically the majority of all RTO overrun accidents occurred when the RTO was initiated at
speeds above 222km/h. More than half of these accidents occurred because the RTO was
initiated above V3. One-third occurred on wet or contaminated runways. Only about 1/4 of the

RTO's were initiated because of engine failures.

Analysis of statistical data revealed that 80% of the RTO accidents were avoidable. Out of these
80% more than half could have been avoided by continuing the take-off and one-seventh by

correct stop techniques.

1.18.7.1 The Go/Stop Decision

In the event of an engine malfunction, the recognition of a significant abnormality, or an ATC
instruction to stop the aircraft during the take-off roll, transport aircraft in Performance Category
‘A’ should be able to safely reject the take off if the decision to do so is made at a speed not

greater than the correctly calculated decision speed (V3).

A successful rejection should be achieved if the response is immediate and completed in
accordance with prescribed procedures (SOPs). After Vi, a reject should only be considered if
there is a strong reason to believe that the aircraft will not fly.
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Depending on Operator SOPs, a call of "STOP" to reject a take-off based on stated criteria will
usually be able to be made by either pilot. However, in some cases, the action following such a

call will be only for the pilot in command to take, regardless of which pilot is PF.
Continuing the Take Off after V;

Once a correctly calculated Vi has been exceeded, the take-off must be continued and should
allow the aircraft to get safely airborne and climb away. This explicitly covers the case of a
single engine malfunction or failure up to V; provided that the prescribed crew actions in respect
of that failure are correct. However, there are certain situations, where it may be found at V, that
it is simply not possible to get airborne and there is no effective solution available. In this case
there is no option but to reject the take-off despite the likelihood that a runway overrun of some

sort will result.

1.18.7.2 The Significance of Speed in respect of the decision to reject a take off

Most aircraft manufacturers specify an airspeed, (usually 148km/h or 185km/h) which defines
the transition between the low speed and the high speed part of a take-off roll and represents a
change in the expected use of a "stop™ call. This speed is usually in the vicinity of the speed
where directional control using the rudder becomes effective. The prescribed speed has to be
called out by PM from their own airspeed indication and the call must receive a prompt response
from the PF. The fact that this call also functions as a validation that both pilots have similar
airspeed indications and as a pilot incapacitation check means that the determination of the speed

takes all three purposes into consideration.

1.18.7.3 High Speed RTO

Whilst a successful rejection of take-off from V; is achievable in all but exceptional and very
specific cases, it is universally recognized that the closer the speed gets to it, the greater the risk

involved in a decision to stop. Therefore, once at high speed, it is usually specified that the take-
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off will only be rejected for major malfunctions such as an engine failure or fire or at the

discretion of the pilot in command in the event that a similarly serious situation is perceived.

1.18.7.4 Low Speed RTO

Prior to the prescribed speed check call (usually 148 km/h), it is envisaged that the take-off will
normally be rejected for any significant malfunction or abnormal situation. Within this lower
speed range, it is likely that directional control will be largely dependent on use of the nose gear
steering system. However, speeds in this range will usually be well below the
applicable Ve (the speed at which sufficient rudder authority to maintain directional control) is
available and so it is important for a pilot carrying out any low speed rejected take off to be
ready to make any necessary control inputs to the nose gear steering system via the tiller
provided.

1.18.7.5 Rejected Take-offs and Runway Excursions

The main reasons why runway excursions occur during rejected take offs could be one or more

of the following:

» The decision to reject the take-off is made after V; and there is insufficient runway length
left to come to a stop on it.

» The flight crew actions required to achieve a rejected take off are not carried out in a
sufficiently prompt and/or comprehensive manner.

» Stopping devices are not used to their full capacity.

> Directional control is not maintained during the take-off roll.

» Itis found at V, that it is impossible to achieve rotation.

Runway Excursions arising from Rejected take offs can therefore usually be avoided if operating
procedures for the loading and take off of aircraft are robust and rigorously applied. The V; call

must be made in such a manner that the verbalization is complete as the speed is achieved.
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Stopping action must be initiated promptly (within 2 seconds) of the reject decision. Stopping
devices must be used to their full capability until such time that it is certain that the aircraft will
stop before the end of the runway. Unless there is a clear indication that the aircraft will not fly, a
reject must not be initiated after V;.

However, for large aircraft, there is usually a significant gap between V; and V, so that if, at V,,
it is found impossible to physically achieve rotation, there may be no alternative but to reject the
take-off. It is this scenario, on limiting runway lengths, which accounts for many of the most

serious runway excursions arising from rejected take offs.

1.18.7.6 Application of SOPs

All the relevant Flight Crew SOPs must be clearly specified and applied, particularly:

» Cross checking take off performance calculations and the corresponding setting of ASI
speed bugs.

> Both flight crew must be fully satisfied that the prevailing runway surface conditions
correspond to the assumptions which have been made in their take off performance
calculations.

» There must be unambiguous requirements governing crew calls of abnormal conditions
during the take-off roll and the degree to which the aircraft commander then has the
discretion to reject or continue the take-off.

» There must be accurate calls of standard speeds during the take off by PM and a check
that both principal ASlIs are indicating the same figure at the designated check speed
(usually 148 km/h or 185 km/h).

1.18.7.7 Simulator Training

Once robust flight crew SOPs are in place, the most effective way for an operator to ensure that

flight crew are likely to respond to a rejected take off decision and its execution in the expected
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way is practice. This means ensuring that the plan for both initial and recurrent aircraft type
simulator training and assessment includes unexpected scenarios in which a rejected take off
may be the only expected response or a judgement call. Both stop/go take-off decisions and the
response to stop decisions should be covered. These unexpected events should include evidence
of malfunctions other than total engine failure. The ability to make prompt and rational decisions
on stop-go should be trained and validated evidence of indecision should be an indication that

more training is required.

1.18.7.8 Runway Excursion

A runway excursion occurs when an aircraft departs the runway in use during the take-off or

landing run. The excursion may be intentional or unintentional.

» Types of Runway Excursion
e A departing aircraft fails to become airborne or successfully reject the take off before
reaching the end of the designated runway.
e A landing aircraft is unable to stop before the end of the designated runway is
reached.
e An aircraft taking off, rejecting take-off or landing departs the side of the designated
runway.
» Effects
e Death or injury to persons on board the aircraft
e Damage to the aircraft
e Death or injury to persons not on the aircraft
e Damage to airfield or off-airfield installations
e Damage to other aircraft or to vehicles
e Delay to other aircraft departing or landing due to runway obstruction due to the

excursion.
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» Defences
e Never deciding to reject a take-off after V1 unless it is certain that the safety of the
aircraft would be endangered if it became airborne.
e Correct calculation of maximum operating weight, field length required and relevant
critical speeds etc. based on accurately reported ambient conditions and subsequent
correct input into aircraft flight systems should preclude a runway excursion under all

normal and most abnormal conditions (e.g. power unit failure).

1.18.7.9 Runway End Safety Area (RESA)

Runway End Safety Areas (RESA) are a formal means to limit the consequences when aircraft
overrun the end of a runway during a landing or a rejected take-off, or undershoot the intended

landing runway.

They are constructed to provide a cleared and graded area which is, as far as practicable, clear of
all but frangible objects. It should have a surface which will enhance the deceleration of aircraft
in the overrun case but should not be such as to hinder the movement of rescue and fire fighting

vehicles or any other aspect of emergency response activity.

Minor aircraft runway overruns and undershoots are a relatively frequent occurrence. Most data
sources point to significant occurrences on average once a week worldwide and suggest that
runway excursions overall are the fourth largest cause of airline fatalities. It has been stated by
the FAA Airport Design Division that approximately 90% of runway undershoot or overruns are
contained within 300 meters of the runway end. The contribution which RESAs can make to a
reduction in the consequences of such over-runs has frequently been demonstrated as has the

avoidable hazardous outcomes where they have not been present.
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1.18.7.10 ICAO Annex 14 SARPs

ICAO SARPs relating to runways are determined according to runway length using the standard
Runway Code categories. Code 1 runways are less than 800 meters long, Code 2 runways are
800-1199 metres long, Code 3 runways are 1200-1799 metres long and Code 4 runways are 1800

metres or more in length.

In all cases, the dimensions of a ‘Runway Strip’ are first defined as it must contain the
dimensions of the designated runway surface and it should be flat, firm and free of non-frangible
obstructions. For Code 3 and 4 runways, runway strips must extend at least 150 meters either
side of the runway centreline and at least 60 meters beyond the end of the runway including any
stop way. For Code 1 and 2 runways, the width requirement is reduced to 75 metres and for non-
instrument Code 1 Runways, the length requirement is reduced to 30 metres.

ICAO RESA specifications all begin at the limit of the ‘Runway Strip’ not at the limit of the

Runway/Stop way surface.

RESA SARPs were revised in 1999 when the then Recommended Practice of a 90 meter RESA
was converted into a Standard. The current Requirement is that Code 3 and 4 runways have a
RESA which extends a minimum of 90 meters beyond the runway strip and be a minimum of
twice the width of the defined runway width. The additional Recommended Practice for these
runway codes is that the RESA length is 240 metres or as near to this length as is practicable at a
width equal to that of the graded strip. For Code 1 and 2 Runways, the Recommended Practice is

for a RESA length of 120 meters with a width equal to the graded strip.

1.18.7.11 RESA Implementation

Implementation of these SARPs by State Regulators is ongoing. Many have now prescribed a
period within which the ICAO Standard must be adopted and the Recommended Practices

carefully considered.
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In the case of the USA, the FAA Airport Design requirements specify the minimum dimensions
of a ‘Runway Safety Area’ which includes the Runway Strip defined by ICAO. Since 2002,
these requirements have included a Runway Safety Area at each end of a runway which takes
account of the direction of runway use when specifying the minimum length of the runway end
element. The basic standard is defined for instrument runways used by transport aircraft and any
such runway with an ‘approach visibility minima’ of less than 1200 metres and is 300 metres for
the overrun case and 180 metres for the undershoot case. It is permissible to reduce the overrun
case to 180 metres if the runway has either instrument or visual vertical guidance aids and an
Engineered Materials Arresting Systems (EMAS) which can stop an aircraft which leaves the

end of the runway at up to 130km/h groundspeed is provided.

It can be seen that the FAA overrun requirement (300 metres) is equivalent to the ICAO RESA
Recommended Practice plus the required Runway Strip (also totalling 300 metres) but that the
FAA undershoot requirement (180 metres) is only slightly more than the ICAO RESA Standard

plus the required runway strip (totalling 150 metres).

1.18.7.12 Beyond Runway End Safety Area

The consequences of many runway excursions, especially overruns, are made much more serious
because the aircraft end up beyond the confines of the ICAO-defined Runway End Safety Area
(RESA); the aircraft may be catastrophically damaged because of major obstructions or terrain
changes encountered soon after this protected area has been exceeded. Suddenly down-sloping
terrain and low but substantial ground obstructions, which are of no concern to aircraft in flight,
may take on considerable significance in determining the damage to an aircraft following a major

overrun.

Under ICAO SARPs, the recommended extent of a RESA is considerably greater than the
requirement for one. However, worldwide and even in the USA, there are still large numbers of
runways used by air carrier aircraft which do not yet have even the ICAO required RESA, or
satisfy the more stringent ICAO Recommended Practice, or meet the equivalent (for overrun
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purposes) FAA ‘Standard’. State AIPs do not always include specific reference to the extent of

RESA provision.

The RESA for some runways is surrounded by dangerous features, usually on the runway
extended centreline. Raised prior awareness of flight crew to these dangers might influence their
subsequent decision to make or complete a landing rather than initiate a go around (including
ones commenced as Rejected Landings). Similar considerations might influence a decision to
attempt a Rejected Take Off from a speed above V. There is some circumstantial evidence that
flight crew who do not have sufficiently detailed knowledge of significant terrain or obstacle
challenges beyond the immediate confines of a runway are more likely to be involved in

overruns which lead to major airframe structural damage.

Although Aerodrome Obstacle and Precision Approach Terrain Charts published in the AD
section of State AIPs can identify notable terrain changes, this information is not normally
transcribed to the documentation available to Flight Crew, unless it refers to terrain awareness
which is relevant to safety in flight. In the case of notable non-terrain ground obstructions, these
will only be recorded in an AIP - and therefore capable of transcription to flight crew

documentation where they are relevant to safety in flight.

The safety case for an EMAS (Engineered Materials Arresting System) has generally been made
as a substitute for a fully-established RESA. Any application of EMAS to reducing the risk of
occasional overrun on take-off or overrun on landing which extends beyond RESA may be
problematic, unless there have been studies to define an appropriate lateral extent, taking into
account the tendency to increasing divergence from the runway centreline as distance from the

runway end increases.

1.18.7.13 Runway Awareness and Advisory System

The Runway Awareness and Advisory System (RAAS) is one of a number of related software

enhancements available on later model Enhanced Ground Proximity Warning Systems. RAAS is
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designed to improve flight crew situational awareness, thereby reducing the risks of runway

incursion, runway confusion and runway excursions.

Runway Awareness and Advisory System uses airport data stored in the EGPWS database,
coupled with GPS and other on-board sensors, to monitor the movement of an aircraft around the
airport. It provides visual/aural annunciations at critical points, such as "Approaching Runway 29
Left and confirmation when an aircraft is lined up on the runway prior to take-off: for example,
"On Runway 29 Right, 2,450 metres remaining.” In a scenario where a crew inadvertently lines
up on a parallel taxiway and commences a take-off, an aural alert “On Taxiway, On Taxiway” is
provided if the aircraft speed exceeds 72 km/h. On approach and after touchdown, the system

continues to announce the distance to go until the end of the runway is reached.

1.18.7.14 System Description

Advisories/cautions are generated based upon the current aircraft position as compared to the

location of the airport runways, which are stored within the EGPWS Runway Database.
The aural can be grouped into two categories:

e Routine Advisories (annunciations the flight crew will hear during routine operations)

and

e Non-Routine Advisories/Cautions (annunciations the flight crew will seldom or perhaps

never hear).

RAAS provides the flight crew with five ‘routine advisories'. Three of these annunciations will
be heard by the crew in normal operations, providing increased position awareness relative to the
runway during taxi and flight operations. They are intended to reduce the risk of a runway
incursion. The two remaining ‘routine’ advisories provide information about the aircraft location

along the runway, and are intended to reduce the risk of overruns. The five advisories are:
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e Approaching Runway - Airborne advisory provides the crew with awareness of which

runway the aircraft is lined up with on approach.

e Approaching Runway - On-Ground advisory provides the flight crew with awareness of

approximate runway edge being approached by the aircraft during taxi operations.

e On Runway - Advisory provides the crew with awareness of which runway the aircraft is
lined-up with.

« Distance Remaining - Advisories enhance crew awareness of aircraft along-track position

relative to the runway end.

e Runway End - Advisory is intended to improve flight crew awareness of the position of

the aircraft relative to the runway end during low visibility conditions.

In addition, RAAS provides the flight crew with several ‘non-routine’ advisories/cautions. These
annunciations are designed to enhance safety and situational awareness in specific situations not
routinely encountered during normal aircraft operations. Some of the RAAS advisories include
distance information. The unit of measure used for distance can be configured to be either metres
or feet.

e Approaching Short Runway - Airborne advisory provides the crew with awareness of
which runway the aircraft is lined-up with, and that the runway length available may be
marginal for normal landing operations. If desired, an additional caution annunciation can
be enabled which provides the crew with awareness that the issue has not been resolved
when the aircraft is on final approach.

« Insufficient Runway Length - On-Ground advisory provides the crew with awareness of
which runway the aircraft is lined-up with, and that the runway length available for take-
off is less than the defined minimum take-off runway length. If desired, an additional
caution annunciation can be enabled which provides the crew with awareness that the

issue has not been resolved when the aircraft is on the final stage of take-off.
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o Extended Holding on Runway - Advisory provides crew awareness of an extended

holding period on the runway.

o Taxiway Take-Off - Advisory enhances crew awareness of excessive taxi speeds or an
inadvertent take-off on a taxiway. If desired, this function can provide a caution

annunciation in lieu of an advisory annunciation.

« Distance Remaining - Advisories provide the flight crew with position awareness during
a Rejected Take-Off (RTO).

o Taxiway Landing - Alert provides the crew with awareness that the aircraft is not lined up

with a runway at low altitudes.

Each RAAS function is independently enabled based on a customer specification and, when
enabled, the RAAS functions operate automatically without any action required from the flight

Crew.

In addition to the aural annunciations provided, visual caution indications may be activated if the
appropriate criteria are met. Visual text annunciations can also be configured so they are overlaid
on the terrain display for a period of time after the warning is generated.

1.18.8 Human Decision Making

Decision making is the cognitive process of selecting a course of action from among multiple
alternatives. The decision-making process produces a choice of action or an opinion that
determines the decision maker's behaviour and therefore has a profound influence on task

performance.

Decision making in an aeronautical environment involves any pertinent decision a pilot must
make during the conduct of a flight. It includes both pre-flight go/no-go decisions as well as
those made during the flight. In aeronautics, decision making is of particular importance because

of the safety consequences of poor decisions.
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The U.S. Federal Aviation Administration (FAA) defines aeronautical decision making (ADM)

as follows:

ADM is a systematic approach to the mental process used by aircraft pilots to consistently
determine the best course of action in response to a given set of circumstances. (FAA Advisory
Circular 60-22)

This briefing note discusses:

e The concept of human decision making

e The limitations of human decision making
A companion briefing note is Decision-Making Training.
Human Decision Making

Human decision making is a complex process that is strongly dependent on the environment in
which the decision must be made. We all make decisions every day, such as the choice of what
to have for breakfast or which road to take when driving to work. The extent to which safety
considerations enter our decision making depends on the situation. Choosing cereal or bread for
breakfast involves virtually no consideration of safety. Selecting a route to drive may involve

some aspects of safety but is probably primarily based on travel time and, perhaps, scenery.

Aviation is a complex, safety-critical endeavour. Many decisions made while flying can affect
the lives of hundreds of people and have extraordinary economic consequences. Thus, even
though some flight decisions are not strongly related to safety, it is best to view ADM as a

safety-critical function.
Decision making in the aeronautical environment

Decision making in aeronautics builds upon the foundation of conventional decision making.
Zsambok and Klein (1997) point out, however, that ADM is carried out in dynamic and complex

environments often characterized by:
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e lll-structured problems

« An abundance of information

o Uncertainty

« Shifting, ill-defined or competing goals

o Multiple event-feedback loops

e Time constraints

« High stakes with high levels of risk

o Collaboration and task sharing among multiple players

e Organizational norms and goals that must be balanced against the decision maker's

personal choices
Decisions in such a complex environment should involve the following considerations:

e A decision is not unique but, instead, is a series of multiple and interdependent decisions
that are made in real time and in a continuously changing autonomous environment.
(Edwards, 1962).

e A human being is not able to perceive, evaluate, understand and act on all aspects of the
environment. The decision maker must simplify reality and make a decision within it.

Reason (1990) calls this mechanism "bounded rationality."

e The principle of sufficiency (Amalberti, 2002) describes a decision as a continuous process
in which a set of decisions is made while seeking satisfactory results to a given situation. This
principle does not mean the decision involves the least cognitive effort but, rather, that the
human being has achieved a satisfying response to the situation. Consequently, a successful
decision is not necessarily the optimum or most rational decision. It is the decision the human

being understands and knows how to apply effectively in the context of the situation.

72



Aircraft Accident Report
CVK/2017/07/29/F

UR-CKC

These considerations indicate that ADM cannot be equated to a simplistic, sequential decision-

making process involving:
e Cue detection
o Cue interpretation and/or integration
o Hypothesis generation and/or selection
« Action selection

While this model of decision making is attractively simple and may be sufficient to describe the
everyday process, it is not adequate to describe ADM, which is best considered in the framework

of a holistic model of information processing.

ADM is strongly dependent on situational awareness and the alternatives available to a pilot
(Hoc and Amalberti, 1995). A pilot’s level of situational awareness determines the solutions that
will be considered and helps guide the choice of a response. In addition, the results of selected
actions can enhance perception and understanding of the situation, which can serve as feedback
to alter and improve subsequent decisions. In fact, it is clear that situational awareness, decision

making and action are thoroughly intertwined (See Figure below).
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Figure 15: Decision making and information processing
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Situational awareness and decision making

Situational awareness is the perception of the elements in the environment within a volume of
time and space, the comprehension of their meaning and the projection of their status into the
near future (Endsley, 1995). This definition leads to the identification of three levels of
comprehension (see Figure 16).

o Level 1: perception of critical environmental cues

o Level 2: understanding the relevance and importance of those environmental cues to a

person's goals
o Level 3: realistic predictions of potential future events in the system

An analysis of a pilot's cognitive task suggests that some tasks do not require a high level of
continuous comprehension. Pilots can temporarily accept low or no comprehension for some
tasks that are clearly not safety-critical. Situational awareness, then, must involve a pilot's ability
to manage the correct levels of comprehension with regard to available mental resources and
mission and task requirements. Time pressure and the pilot's goals are significant factors that

contribute to comprehension level.
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The ADM process is an active process guided, in part, by the pilot's mental representation.
Consequently, ADM is directly affected by the resources the pilot allocates to the Situational
Awareness process shown in Figure 2. Poor comprehension may lead to an inappropriate
decision even if the information needed to support the proper choice is available in the

environment.
Collective decision making

Studies of decision making traditionally have focused on decisions by individuals. Commercial
aviation, however, is a group or team environment — not only in the cockpit but also among the

cabin crew and on the ground (e.g., maintenance, operations).

In aviation, the team represents a distributed cognitive system in which each member may affect

the collective decision-making process. The leader takes a specific role in the process by
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assuming the responsibility for the collective decision on behalf of the team, regardless of the

situation or event.

The steps for making a successful collective decision are:

Access the same information either directly or by sharing among team members
Build collective situational awareness and check for a common understanding
Complete and mutually agree on goals

Select and accept the course of action

Execute the course of action using an approved task-sharing scheme after having planned

it by defining the procedure, role and needs of each member
Feedback results for monitoring the decision’s effect

Express any doubts and resolve them

However, as with individual decision making, the process of collective decision making can

change as a function of the features of the environment in which the decision is being made

(Urban, Weaver, Bowers and Rhodenizer, 1996). Factors influencing the collective decision-

making process include:

Time stress

Workload

Style of leadership

Personality and mood of team members

Ability, experience and stature or reputation of the team members

Confidence, doubt and the social dynamic among team members
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Three different team decision-making styles or processes can be defined based on the relative

influences of the factors listed above:
1.  Limitations of Human Decision Making

Some factors and/or biases can distort the way situations or goals are perceived by individuals
and the team as a whole. The more a situation becomes strained, the more people tend to place
confidence in subjective and personal factors, which can limit the quality of decisions, regardless
of the specific decision-making process used. Knowledge of these limiting factors is important in
order to avoid their use or to mitigate their consequences on safety. Three types of factors can be

described:
e Risk perception and risk management
« Situational factors
« Biases

2. Risk and decision making

All decision alternatives entail some level of risk. The choice between alternatives is a trade-off
based on the expected results for each alternative and the risk of failure to achieve these results
when adopting the selected alternative. The way risk is perceived and managed can limit some
choices.

Individuals tend to prefer solutions they are confident of achieving, even if the result will not be
as good as might have been achieved with another, less-familiar solution. The likely solution in
such situations is the best of the available alternatives that the individual or the team is actually

able to implement, even if it is not the optimum solution.
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1.18.9 Situational Factors

Situational factors arise from the interaction of the characteristics of the situation and those of

the specific individual or team. Four types of situational factors have been identified:
Factors linked to the task

Factors inherent in a task can affect decision making. These include: degree of task complexity,
time available to complete the task (time pressure), amount and flow of information, ease of
access and availability of the information, conduciveness of the human-machine interface design,
degree of uncertainty and clarity of the goals.

Cognitive factors

There are limits on human cognitive abilities and information processing (i.e., perception,
understanding, action). Also, factors such as individual knowledge level, expertise,

qualifications, fatigue and stress can influence decision making.
Motivational and personality factors

The degree of an individual’s motivation as well as personality traits, attitudes, response style
and the impacts of emotion or past experience and mood can profoundly influence decision

making.
Psycho-social factors

Many psycho-social factors can influence the decision process for both individuals and teams.
Decision making in a professional environment is subject to judgment and assessment by a third
party. Concerns about image or failure and the desire to command the respect of others are

psycho-social factors that can have direct impacts on the way decisions are made.

Other psycho-social factors include team collaboration mechanisms, leadership, and

followership, processes of influence, stereotypes, reputation, and prominence.
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Biases that influence decisions

Khaneman, Slovic and Tversky (1982) describe numerous biases that can distort the decision-
making process. Biases are a particular tendency or inclination that prevents unprejudiced
consideration of a question. Biases have been broadly studied in the field of decision making.
The most frequent biases influencing decision making are:

e Anchoring bias: the tendency to rely too heavily, or "anchor,” on one trait or piece of

information
« Belief bias: the tendency to base assessments on personal beliefs

« Confirmation bias: the tendency to search for or interpret information in a way that

confirms one's preconceptions

o Loss-aversion bias: the strong tendency for people to prefer avoiding losses rather than

acquiring gains

o Rosy-retrospection bias: the tendency to rate past events more positively than they were

actually rated when the event occurred
o Status-quo bias: the tendency to like things to stay relatively the same

o Gambler's-fallacy bias: the tendency to assume that individual random events are

influenced by previous random events

e Valence effect of prediction bias: the tendency to overestimate the likelihood of good

things happening and to underestimate the chance of bad things happening

e Correlation bias: the tendency to underestimate rare events and overestimate frequent

events
o Recency-effect bias: the tendency to weigh recent events more heavily than earlier events

« Primacy-effect bias: the tendency to weigh initial events more heavily than subsequent

events

79



Aircraft Accident Report
CVK/2017/07/29/F

UR-CKC

« Fundamental attribution error bias: the tendency for people to overemphasize personality-
based explanations for behaviours observed in others (but not themselves) while

underemphasizing the role and power of situational influences on the same behaviour

o False consensus effect bias: the tendency for people to overestimate the degree to which

others agree with them

e Projection bias: the tendency to unconsciously assume that others share the same or

similar thoughts, beliefs, values or positions

e Overconfidence effect bias: the human tendency to be more confident in one's

behaviours, attributes and physical characteristics than one should be

o Conformity bias: a propensity to preferentially adopt the cultural traits that are most
frequent in the team. Conformity can also involve accepting the majority opinion and

silencing or ignoring those who argue with the consensus.

1.18.10 Types of Error in Decision-making
Orasanu and Martin (1998) defined two basic types of decision-making errors in aviation.

The first relates to situation assessment, which involves defining the problem as well as
assessing the levels of risk associated with it and the amount of time available for solving it.
Once the problem is defined, a course of action must be chosen. The course of action is selected
from the options available. Situation-assessment errors can be of several types: situation cues
may be misinterpreted, misdiagnosed or ignored, resulting in a wrong picture; risk (threat or
danger) levels may be mis assessed (Orasanu, Dismukes and Fischer, 1993); or the amount of

available time may be misjudged (Orasanu and Strauch, 1994).

The second type of decision-making error identified by Orasanu and Martin involves errors in
choosing a course of action. These also may be of several types. When there are specific rules to

guide the decision (e.g., procedures), the appropriate response may not be retrieved from
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memory and applied, either because it was not known or because some contextual factor
mitigated against it. If there are choices from which the decision must be made, options also may
not be retrieved from memory, or only one may be retrieved when, in fact, multiple options exist.
Constraints or factors that determine the adequacy of various options may not be retrieved or
used in evaluating the options. Finally, the consequences of various options may not be
considered. The decision maker may fail to mentally simulate the possible outcomes of each
considered option. Creative decisions may be the most difficult because they involve the least
support from the environment. The absence of available options means candidate solutions must

be invented to fit the goals and existing conditions.

Orasanu and Martin examined cases in the U.S. National Transportation Safety Board's set of 37
"crew-caused" accidents that involved "tactical-decision errors” (NTSB, 1994). A common
pattern was the crew's decision to continue with their original plan when conditions suggested
that other courses of action might be more prudent. In other words, they decided to "go™ in a "no-
go" situation, usually in the face of ambiguous or dynamically changing conditions (e.g.,
continuing with a landing when it might have been more appropriate to go around). Four factors

are hypothesized as possible contributors to these decision errors:

e The situations were not recognized as ones that should trigger a change of course of

action, due to the ambiguity of the cues

e Risk was underestimated, possibly because a previous similar situation was successfully
handled

e Goals conflicted (e.g., safety vs. productivity, mission completion or social factors)

o Consequences were not anticipated or evaluated, possibly due to some of the

environmental factors or biases discussed earlier.
4.0 Key Points

The following are key points with respect to decision making:
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o ADM takes place in a complex environment and requires situational awareness, relevant

skills and experience
o Decision making must be considered in broad human factors and operational contexts

e The naturalistic decision-making process is greatly affected by time pressure and

workload

« ADM in commercial aviation is a team process. Therefore, team dynamics can play a

strong positive or negative role

e There are limitations in the human decision-making process, and exceeding these limits

can result in decision error.

1.18.11 Flight Briefings
Briefings Overview

Briefings should help both the pilot flying (PF) and the pilot not flying (PNF) understand the
desired sequence of events and actions, as well as the condition of the aircraft and any special
hazards or circumstances involved in the planned flight sequence. To achieve the safety and
efficiency benefits of good flight preparation, all crewmembers should strive for high-quality

briefings.
Objectives of briefings
When conducting any briefing, the following objectives should be met:

e Define and communicate action plans and expectations under normal and abnormal

conditions
o Confirm applicable task sharing (i.e., crewmembers’ roles and responsibilities)

o Brief each subject area to its appropriate level of detail
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e Promote questioning and feedback
e Ensure full understanding and agreement on the correct sequence of actions
o Communicate objectives to other crewmembers (cabin crew) and develop synergy

o Enhance the preparedness of the flight crew and cabin crew for facing unusual

requirements or responding to unexpected conditions

The quality of the flight crew/cabin crew and flight crew take-off and approach briefings shapes
crew performance throughout the flight. Pre-flight briefings should start at the dispatch office
when the dispatcher gives the flight plan to the flight crew for review and the crew’s final

decision on the route, cruise flight level and fuel quantity.

The on-board crew formation briefing and the flight crew take-off and approach briefings should

include the following:
o Crew familiarization with the departure and arrival airports and routes
o The maintenance state of the aircraft (e.g., inoperative items, recent repairs)
o Fatigue state of crewmembers (e.g., short-haul/multi-sector operations)

o Take-off, departure, approach and landing conditions (e.g., weather, runway conditions,

special hazards)
o Lateral and vertical navigation, including intended use of automation
o Communications
o Status of cabin from the cabin crew

o Status of abnormal procedures as applicable (e.g., rejected take-off, diversion, missed

approach/go-around)

e Review and discussion of take-off and departure hazards
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Timeliness of briefings

Briefings should be conducted during low-workload periods. The take-off briefing should be

conducted while the aircraft is at the gate or other parking position.

The descent preparation and the approach and go-around briefings should typically be completed
10 minutes before reaching the top-of-descent to prevent increasing workload and rushing the

descent preparations.
Techniques for conducting effective briefings

The importance of briefing technique is often underestimated. The style and tone of a briefing
play an important role in its effectiveness. Interactive briefings (e.g., confirming agreement and
understanding by the PNF after each phase of the briefing) are more effective and productive
than an uninterrupted lecture from the PF followed by: “Any questions?” Interactive briefings
provide the PF and PNF with an opportunity to communicate and to check and correct each other
as necessary (e. confirming the use of the correct departure and approach charts, confirming the

correct setup of Nav-aids for the assigned take-off and landing runways).

The briefing itself should be based on the logical sequence of flight phases. It is important,
however, to avoid the routine and formal repetition of the same points on each sector, which
often becomes counterproductive because it involves no new thinking or problem solving. For
example, adapting and expanding a briefing by highlighting the special aspects of an airport, the
departure or approach procedure, or the prevailing weather conditions and circumstances usually

result in a more lively and effective briefing.

Briefings should be conducted by speaking face-to-face, while remaining alert and vigilant in the
monitoring of the aircraft and flight progress. The briefing technique of the PF should encourage
effective listening to attract the PNF’s attention. The briefing should therefore be conducted

when the workload of the PNF is low enough to permit effective communication.

Whether anticipated or not, a significant change in an air traffic control (ATC) clearance,

weather conditions, landing runway or aircraft condition requires a crew to review relevant parts
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of previously completed briefings. A re-briefing is almost always beneficial under these

circumstances.
Take-off briefing

The take-off briefing is conducted by the pilot designated as PF for the particular flight leg. It
enables the PF to inform the PNF of the planned course of actions (e.g., expectations, roles and
responsibilities, unique requirements) for both normal and abnormal conditions during take-off.
A full take-off briefing should be conducted during the first sector of the day. Subsequent
briefings should be limited to the specific aspects of each individual airport/runway/take-
off/departure condition. The take-off briefing should be guided and illustrated by referring to the
applicable flight management system (FMS) pages, the paper or electronic charts and the
navigation display to visualize the departure route and confirm the various data entries. Some of
the important topics to review in a take-off briefing are discussed below. The important point is
that a take-off briefing must be comprehensive and based on complete situational awareness

gained from the available documentation and data.
ATIS

The Automatic Terminal Information Service (ATIS) is a recorded message broadcast at major
airports. It provides flight crews with up-to-date information on weather, runway in use and other
operational information. The ATIS message is updated whenever the situation changes

significantly, with the new version designated by the next letter of the alphabet.

All pilots approaching the airport are required to monitor the ATIS and review the message,

including:
o Expected take-off runway in use and standard instrument departure (SID)
e Altimeter (QNH or QFE)
o Transition altitude (if variable with QNH)

o Weather, temperature and dew point
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e Wind and runway condition
e Unusual airport conditions (e.g., closed taxiways, presence of work crews)
NOTAMs

Notices to airmen (NOTAMS) provide crews with critical information that may have a direct
effect on flight safety (e.g., unserviceable nav aids, change of departure routing, airspace
restrictions, work in progress on taxiways and/or runways, obstructions, man-made obstacles,
birds activities volcanic activity). NOTAM coverage can be national, regional, specific to one
route or specific to a given airport. NOTAMs generally do not include detailed explanations and
graphics. As a result, interpretation of a NOTAM can sometimes be difficult. Each pilot should
therefore review applicable take-off and departure NOTAMSs and discuss their possible impacts
on operations with fellow crewmembers. If there is any doubt about the contents or interpretation
of a NOTAM, pilots should contact the company dispatch office for clarification.

Key points

Conducting effective briefings is an essential part of flight preparation. Without proper
preparation, a crew will not have the necessary situational awareness to fly at maximum
effectiveness and safety. Briefings are necessary at various points in the flight from before

taxiing to the departure runway through taxiing to the arrival gate.
The following summary points apply to all briefings:

e Briefings should be adapted to the specific conditions of the flight and focus on the items

that are relevant for the particular take-off, departure, cruise or approach and landing.

e Briefings should be interactive and allow for dialogue between the PF, PNF and other

crewmembers.

o Briefings should be conducted during low-workload periods.
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« Briefings should be conducted even if the crew has completed the same flight many times
in the past. Vary the briefing approach or emphasis when on familiar routes to promote

thinking and to avoid doing things by habit.
« Briefings should cover procedures for unexpected events.

« Pilots should not fixate on one particular aspect of information in a briefing, as other

important information may be missed.

1.18.12 CAVOK AIR Brake Assembly, Normal and Abnormal Checklists
The following CAVOK System and Checklists are pertinent to this investigation.
1. AN-74TK-100 MAIN BRAKE ASSEMBLY

The wheel system is designed to ground braking of the aircraft during taxiing or parking and
ensures both simultaneous and consecutive braking of the wheels of right and left legs in the
modes of main and emergency braking. Anti-skid devices minimize the potential wheel skidding

("skid™) in the main braking mode.

The main braking is performed by foot control pedal application (wheel brake pressure (100+10)
kgf/cm2 [(10+1) MPa)], and the emergency braking is performed by pulling the emergency
braking handles (brake pressure (80+5-10) kgf/cm2 [(8+0.5-1) MPa].

The parking brake function is performed by pulling the emergency braking handles and then by
locking them in partially extended position. In this case the brake pressure (63-10) kgf/cm2
[(6.3-1.0) MPa] is provided for within 48 h.
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Figure 17: Schematic diagram of main brake assembly

2. AN-74TK-100 NORMAL OPERATION CHECKLIST

This checklist describes the CAVOK’s “Normal Operation Procedures as follows;
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o Before Starting Engines

o Before Taxiing

o During Taxiing

o At Holding Take-off Position

o At Line up Position
See Appendix 3.
3. AN-74TK-100 OPERATIONS MANUAL PART B

Chapter 3 of this manual describes the types of Engine failures and appropriate actions to be

taken. The checklist is sub divided into 2 sections; they are:

» Section 2 (Normal Operations)
» Section 3 (Special Cases of Flight)
= Section 3.2 Action in Complex Situations
3.2.1 Engine failure
3.2.1.1 General notes
3.2.1.2 Engine failure at take-off (V<V;)
3.2.1.3 Engine failure at take-off run (V>V;)

See Appendix 4.
4. AN-74TK-100 FLIGHT MANUAL

Chapter 5 of this manual describes in details the features and symptoms of Engine failures and

actions to be taken. It is subdivided as follows:
» Section 5.1 Engine Failure
511 General
51.2 Engine failure at take-off (V<V)

5.1.3 Engine failure during take-off (V>V)
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See Appendix 5.
5. AN-74TK-100 QUICK REFERENCE HANDBOOK (QRH)

This hand book briefly describes actions to be taken by the crew in specific situations,
specifically Emergency/Abnormal situations. Chapter 1 of this handbook deals with Engine

failures at different phases of flight.

» Abnormal Procedures
= 1 Engine failure
1.1  General guidelines
1.2 Engine failure at take-off run (V<V;)
1.3 Engine failure at take-off run (V>V;)

See Appendix 6.

1.18.13 Definitions

1. Rejected Take-Off

The situation which follows when it is decided to stop an aircraft during the take-off roll.

2. Runway Safety Area
“An area symmetrical about the extended runway centre line and adjacent to the end of
the strip primarily intended to reduce the risk of damage to an aero plane undershooting
or overrunning the runway”. [ICAO Annex 14]

3. Runway Excursion
ICAO defined Runway Excursion as a veer off or overrun off the runway surface
(ICAO).
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4. Decision Speed (V1)

V1 is the Decision speed (sometimes referred to as critical engine speed or critical engine
failure speed) by which any decision to reject a take-off must be made. Above V4, the
take-off must be continued unless there is reason to believe that the aircraft will not fly.
An engine failure identified not later than V1 should always result in a rejected take-off.

If the decision is made to reject, the aircraft can be brought to a stop within the
Accelerate Stop Distance Available (ASDA). If the decision is made to continue the take-
off, either in a non-engine failure case which occurs prior to V3 or in an engine failure
case which occurs at or after V1, the aircraft can get airborne and achieve or exceed the
appropriate screen height within the Take-off Distance Available (TODA). If a reject is
initiated at a speed above V1, a runway excursion is probable.

Stopping the aircraft within the confines of the runway or safely continuing the take-off is
predicated on an appropriate and timely stop/go decision and the corresponding
appropriate and timely actions. The V; call should be made such that the call is complete
just as the speed is achieved. If a reject decision is taken, it is critical that stopping action
is initiated within two seconds and that full stopping device capability is utilized. If the
take-off is continued, the yaw due to engine failure must be corrected, the aircraft rotation
must occur at V, and the appropriate climb speed must be maintained to guarantee that

the screen height will be achieved.

5. Rotation Safety Speed (V)

V; is defined as the speed at which the rotation of the aircraft should be initiated to take-
off attitude. Rotation speed (V,) cannot be less than V;. If it is greater than V; and it is
found that, at V,, rotation cannot be achieved, a subsequent rejected take off may not be
possible within the remaining runway length and is likely to result in a Runway
Excursion.

V. is a function of aircraft weight and flap setting but may also vary with pressure altitude
and temperature.

In the engine failure case, VV, must allow for acceleration to V, at screen height - 35 feet

above the level of the runway surface for aircraft certificated as meeting Performance 'A'".
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6. Take-off Safety Speed (V>)

The take-off safety speed which must be attained at the 35ft height at the end of the
required runway distance. This is essentially the best one-engine inoperative angle of
climb speed for the airplane and is a minimum speed for flight in that condition until at
least 400ft above the ground.

1.19 Useful or Effective Investigation Technique

Nil.
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2.0 ANALYSIS

21 General

The 4 member flight crew and 2 maintenance engineers were trained, certified and qualified to
conduct the flight in accordance with UCAA’s regulations. The flight crew had sufficient rest
before the intended flight. There was no evidence of any significant medical condition or use of
any substance that might have impaired their performance during the flight. Neither were there
any critical life events that could have adversely affected the performance of their duties. The

crew have sufficient experience to conduct the flight.
The aircraft was maintained in accordance with UCAA’s approved programme.

Although the left engine suffered an engine surge during the take-off roll due to the bird strike
according to the crew, timely response to this could have averted the accident. However, the
Captain delayed the action by about 5 seconds before he finally decided to reject the take-off.

2.2  The Flight

The flight was intended to operate with call sign CVK 7087 as a return flight with first technical
stop at Kotoka International Airport, Accra, Ghana. There were six persons on board (all crew)
with fuel uplift of 5,700 kg.

At 0905hrs, the aircraft began take-off roll. The First Officer was the Pilot Flying (PF) while the
Captain was the Pilot Monitoring (PM).The engines and systems parameters were reported to be

normal at that time.

According to the Captain, he saw five to six eagles get off the ground of the runway which flew
dangerously close to the aircraft at the beginning of the take-off roll. At a speed of 180km/h, the
crew asserted that they saw ahead of them a flock of eagles which were not seen initially getting
off the ground from the runway.
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Post-crash inspection conducted by the BAGAIA investigation team could neither establish any
physical evidence (traces of bird) nor its parts found on the engine or its surrounding to suggest
any physical damage to the engine or its surrounding like the engine intake, engine nacelle,

turbine, and turbine guide vanes.

Another comparative report of post inspection conducted on the two D-36 series 2A engines by
the representative of the engine manufacturer (SE “Ivchenko-Progress”) revealed that some
fragments of birds feathers were found at various locations of the left engine (fan blade, slot
between the guide vanes, cavity of the lower engine mount strut main duct cowling of the engine
core) respectively. These suggest that there was a bird encounter with the aircraft during the

execution of the rejected take-off.

Further inspection of the fragments of feathers found at various locations inside the left engine
was conducted by the Zoological Museum of the National Museum of Natural History of NAS,
Ukraine. The report suggested that the fragments of feathers belonged to the dead bird found on
the runway. It might have penetrated into the left engine as a result of being “overtaken” by the

aircraft from behind on take-off during which part of its left feather was pulled out.

However, according to the INAC CARs (STP CAR-Part 14) Aerodrome Certification and
operation section 14.20.D.10 (3), states that “wildlife remains found within 60 meters of a
runway or an airside pavement area are presumed to be a wildlife strike unless another cause of
death is identified.”
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Figure 18: Picture showing the dead bird found on the runway

The Captain took control of the aircraft and requested the Flight Engineer to check if the landing
lights were ON and to monitor the engine parameters. The Captain further stated that he
assessed the situation within 4 - 5 seconds and decided that the best option for the crew was to
abort the take-off. The Captain immediately initiated a rejected take-off, instructing the Flight

Engineer to apply the thrust reversers. The rejected take-off was initiated at a speed of 220 km/h,
about 5 seconds after sighting the birds.
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Figure 19: Runway configuration showing positions of aircraft during the attempted take-
off roll

The decision not to continue the take-off could have been made when the flight crew observed
that the runway surface appeared to be rising as the aircraft was accelerating towards the take-off

speed, before they sighted the flock of birds. The investigator believes that the pilot intended to
continue the take-off despite the birds seen and the runway factor.

According to the post investigation report received from Antonov State Enterprise Company, the
pilot in command of the aircraft deliberately decided to abort the take-off at the speed exceeding
the take-off decision speed V;, which was followed by the runway overrun, since an aircraft

overrun during the take-off is obviously less dangerous than an aircraft impact at failure of two
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engines at the initial stage of the climb. Thus, the pilot's actions were motivated by a state of

emergency and aimed at minimizing the consequences of the occurrence.

However, the Captain was hesitant on the decision to discontinue the take-off. This resulted in a
delayed and inappropriate response to the situation. At that time, the aircraft rotation speed was
attained, the captain called for rotation initially then he reversed his rotation call out and
instructed the first officer not to rotate. At about 5 seconds after V, (200 km/h), with the fear of
losing multiple engines, the Captain was certain that a reject was imminent; he took control,
initiated a rejected take-off and called for reversers at a speed in excess of V1 (20 km/h > V;)
which is inconsistent with CAVOK’s SOP and AN-74TK-100 Airplane Flight Manual (AFM).

The braking action was initiated by the Captain at a time lead of 2 seconds as against the
activation of the reversers by the Flight Engineer (FE) after the captain’s instruction. This delay
in activation of the reversers resulted in the reduction of the braking effectiveness, hence

increasing the unlikelihood of the aircraft stopping before the end of the runway.

During the cockpit examination following the accident, the investigators found the SPEED
BRAKE/SPOILERS lever in the down detent position. This position would normally not deploy
the system manually or automatically should the thrust lever be retarded to idle. Also, FDR data
recordings did not physically indicate the deployment activation of speed brake/spoilers. The
failure of the flight crew to activate the speed brake/spoilers during the reject procedures also
increased the severity of the accident as a result of decreased effectiveness in slowing the speed
of the aircraft within the shortest practicable distance. Had the flight crew used the speed
brake/spoilers, it would have assisted considerably in slowing down the aircraft, therefore
stopping capability would be enhanced and braking effectiveness would increase; enabling the
crew to stop the aircraft before the end of the runway and also to achieve a successful rejected
take-off (See Figure 15).
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2.3 Flight Crew Performance Before and During Take-off Roll

The flight crew deviated from the Standard Operating Procedures (SOP) in a number of
significant ways that later affected the sequence of events leading up to the occurrence. The

investigation identified the following deviations by the crew:

1. The omission of take-off briefing. [ref. AN-74TK-100 Normal Operation
Checklist (See Appendix 3)]

2. The delay in rejecting the take-off. [ref. AN-74TK-100 Operations Manual Part
B, Sections 3.2.2.2 and 3.2.2.3 (See Appendix 4]

3. The initiation of a rejected take-off after V1. [ref. AN-74TK-100 Flight Manual
Sections 5.1.2 and 5.1.3 (See Appendix 5).

4. The failure to deploy speed brakes during the rejected take-off. [ref. AN-74TK-
100 Quick Reference Handbook (QRH), Section 1.5.]

Prior to entering the runway, the crew conducted a visual check on and around the runway. After
that, the beginning of the take-off roll was initially conducted in a proper manner, with the First
Officer controlling the aircraft and the captain performing the duties of the non-flying pilot while
the Flight Engineer and the Navigator were performing their duties such as setting power,
monitoring the engine instruments and flight navigational instruments respectively. The
investigator believes that, had the captain initiated the reject at an appropriate time, the aircraft

could have stopped on the runway.

The normal time to achieve 111 km/h would have been 14 seconds with about 820 feet of roll.
The rejected take-off was not initiated until about 36 seconds from the start of the take-off roll
after the aircraft had travelled nearly 4,363 feet.

The investigation was unable to determine positively the reason for the captain’s apparent
delayed response to the abnormal situations of the birds’ encounter and the engine surge. The
Captain’s command responsibilities require him to monitor all aspects of the take-off roll, with
attention to the instrument panel, the view outside the windshield and the First Officer.

Considering that it was the first time the flight crew had operated into that airport, including the
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runway conditions as observed by the flight crew, it is apparent that the Captain experienced pre-
eminent workload during the take-off roll. Still, the investigator believes that these situations

should not have precluded the Captain from attending to the abnormal situation.

2.4  Runway Surface Condition

Runway 29 is 2160m long. Runway 29 has neither RESA, nor Stopway, and the airfield does not
meet ICAO standards for a runway strip (FPST runway strip extends beyond the end of the
runway for the distance of 10m). There is a ravine at 15m from the end of the runway 29 in
addition to a major road adjacent to the airport’s perimeter fence. Clearway on RWY 29 is 60m
long. Information of the ravine at the end of RWY 29 is absent in AIP. At both ends of RWY
11/29, the areas are provided with the runway turn-around pads 60m long each, one of which (at
the end of the runway) is included in RWY 29 length of 2160 m.

Figure 20: Length of Runway 29
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The Aerodrome Reference Point elevation is 10m, RWY 29 threshold has the elevation of 5m,
RWY 11 threshold has the elevation of 12m, thereby indicating that there is an inflection of the
runway (“humpback” runway), approximately in the centre.

According to the ICAO SARPs, an airport for aeroplanes with the reference field length 800m
and over should have a runway strip, which extends before the threshold and beyond the end of
the runway or stopway for a distance of at least 60m. In addition, a runway end safety area
(RESA) shall be provided at each end of a runway strip for such aeroplanes, RESA should
extend from the end of a runway strip to a distance of at least 90 m.

Unless its function requires it to be there for air navigation or for aircraft safety purposes, no
equipment or installation shall be:

a) on a runway strip, a runway end safety area, a taxiway strip or within the
distances specified in Table 3-1, column 11, of ICAO Annex 14 volume 1, if it
would endanger an aircraft; or

b) on a clearway if it would endanger an aircraft in the air. Any equipment or
installation required for air navigation or for aircraft safety purposes must be
located:

= on that portion of a runway strip within 75m of the runway centreline for
aeroplanes with reference field length 1200m and over; or

= on a runway end safety area, a taxiway strip or within the distances
specified in Table3-1 of ICAO Annex 14 volume 1; or

= on a clearway and which would endanger an aircraft in the air; shall be

frangible and mounted as low as possible.

Where provision of a runway end safety area is impossible, consideration may have to be given

to reducing some of the declared distances.

The take-off limitations of a transport category aircraft are described in terms of the maximum
weight of the aircraft that will ensure performance compatibility with the runway length. In a
rejected take-off, the aircraft accelerate-stop distance shall not exceed the length of the runway
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plus the length of any stopway. The aircraft’s accelerate-stop distance is in turn established as a
part of the aircraft’s certification. Basically, the rules require that the aircraft be capable of
accelerating normally to a speed at which an engine failure or other emergency recognises that,
should there be a prompt decision to reject a take-off, the flight crew’s initial actions to
decelerate would be taken as the aircraft reaches V; speed and is brought to a full stop within the

accelerate-stop distance.

The accident aircraft was within the weight limitation of 27,857 kg at the beginning of the
intended flight, being 6,943 kg lighter than the maximum weight permitted, (34,800 kg) for take-
off on the 7087 ft runway. According to the weight computation by the Captain based on
CAVOK’s operating procedures, the Vi speed of the accident aircraft, with a gross weight of
27,857 kg, using a standard flap setting for the typical aircraft and with the existing
meteorological condition was 200 km/h. Under such condition, the aircraft should have been able
to accelerate normally and stop within a total distance of 4,921 ft, 2,166 ft before the end of the
runway if maximum full braking was applied and the RTO was initiated appropriately at or
before 200 km/h.

Detailed analysis of FDR data conducted by the Antonov State Enterprise Company outlined “In
case of need to perform an aborted take-off at the take-off decision speed, the crew should have
performed all the required braking actions specified in the Flight Crew Operation Manual.” The
crew carried out the take-off in the rated operational mode of engines (the "rated” operational
mode of engines is specified in the report of SE "lvchenko-Progress™), the take-off decision
speed exceeded the speed specified in the Flight Crew Operation Manual, and the crew did not

use the interceptors for braking.

The report further explained that the simulation of An-74TK-100, reg. UR-CKC, take-off at the
Sao Tome Airport with a mathematical model, which is based on the certification flight test

results, has made it possible to determine that, at the pilot’s actions according to the provided
records of BUR-3-1 of An-74TK-100 aircraft, UR-CKC, the aircraft would roll out of the
runway. See Appendix 7.
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Even with the delayed and moderate braking, and use of spoilers and speed brakes, the aircraft
should have been brought to a full stop within the confines of the runway, if the RTO was
initiated by V1. The combination of the reduced braking effectiveness and RTO initiation speed

resulted in the runway excursion.

The location of the ravine (N 000 22 51, E 0060 42’ 07”) is about 106 ft from the end of
runway 29, this provided little room for runway overrun, and this distance is far less than the
recommended. If the captain had rejected the take-off below Vi, or if he had based on other
input, overruled the assumption of multiple engine failure due to multiple birds’ strike and
allowed the first officer to rotate and take-off the length of the 7,087 ft runway with its 200 ft
safety area, it would have been adequate to complete the manoeuvre successfully. In a rejected
take-off with the existing runway conditions, at an airspeed just below Vi, the aircraft may have

stopped just on the runway. But the Captain denounced the rotation call out.

25 CAVOK Checklist Procedures

CAVOK provided AN-74TK-100 pilots with checklist guidance in the Operations Manual Part B
section 2 (Normal Operation). Checklist items that were to be accomplished prior to take-off
were “Before pushback/Before Start”, “After Start”, “Taxi” and “Before Take-off.” CAVOK
normal checklists up to but not including the “After Take-off” checklist were to include the
“Take-off Briefing” item. However, the CAVOK normal operating checklist that was used by the
accident flight crew was reviewed on 21st February, 2017 and subsequently approved by UCAA.

In summary, the CAVOK’s normal checklist policy does not incorporate the “take-off briefing”
item. It does not define specific flight crew member responsibility in the event of any
unprecedented emergency or abnormal condition. Therefore CRM capability was degraded (See
Appendix 3).

Take-off briefing item is a very important part of the normal operating checklist. It re-

emphasises the appropriate individual flight crew actions in the event of emergencies or
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abnormal situation especially at the take-off phase of a flight. It also reminds and reaffirms any

crew of their responsibilities during emergency and abnormal conditions.

2.6 Reasons for Airspeed Indication Anomaly

As aircraft passes through the air, the pressure at the nose of the aircraft is increased by an
amount that is directly proportional to the square of the aircraft’s speed. The indicated air speed
system is simply a comparison of the pressure at the nose of the aircraft as measured at the inlet
of the pitot tube (total pressure) and the local ambient pressure as measured at the aircraft’s static
ports (static pressure). If the inlet to the pitot system is blocked or tampered with so that the
increase in pressure is no longer measured, the air speed indication system will no longer
function properly. If the static port is similarly clogged, the pressure differential measurement

will not be accurate.

The FDR acceleration and the air speed traces showed that the aircraft accelerated normally and
the air speed indication was valid when the aircraft reached about 227km/h, but it became
sporadic thereafter even though the aircraft continued to accelerate up to the point of the
attempted reject. However, another picture showed the cross section of the nose wheel gear

assembly being impacted by a large bird.
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Figure 21: Picture showing the bird remains entangled in the nose wheel.

The post-accident tests on the FDR conducted by the Antonov State Enterprise Company
revealed that “the conclusion of reliability of the instrument speed indications of the aircraft and
other parametric information indications registered in ZBN-1-3 ser.3 of An-74TK-100, reg. UR-
CKC, the mathematical calculation of speed of An-74TK-100, reg. UR-CKC, on the runway
indicates that the actual aircraft speed on the runway was approximately by 10 km/h lower than
that recorded by the aircraft on-board recorder. Probably, this is caused by the incorrectly
calibrated characteristic of the instrument speed sensor. At the same time, some of the

parameters of systems were not registered at all in the flight data recorder.” It could be deduced
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from the above conclusion that the reason for the erratic reading of the airspeed indicator was not

established by Antonov Company, therefore its evidence was a probability.

The nature of the impact suggests that the aircraft impacted the bird during the take-off roll just
before the left engine surge occurred. The impact on the nose gear assembly resulted in damage
to some parts and wires linking the squat switch mounted on the nose gear. This has a tendency

to cause the sporadic increase of the air speed.
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3.0 CONCLUSION

3.1 Findings

The investigation revealed the following:

3.11
3.1.2
3.13
3.14

3.15

3.1.6

3.1.7

3.18
3.19

3.1.10

3.1.11
3.1.12

3.1.13

The aircraft had a valid Certificate of Airworthiness.

The State of Registry and the State of the Operator is Ukraine.

There were six persons on board the aircraft (all crew).

The crew were certified and qualified to conduct the flight. The accident flight was the
first to be conducted for that day by the crew.

There was effective communication between the Air Traffic Controller (ATC) and the
crew before and during the take-off roll.

The flight was conducted in accordance with the operating procedures as contained in the
company’s Operations Manual. However, the emergency briefing item in the before
take-off checklist was missing in the normal checklist.

The flight was initially cleared by ATC to depart from runway 11 but changed to runway
29 at the request of the crew.

The First Officer was the Pilot Flying while the Captain was the Pilot Monitoring.

At 0905hrs when the aircraft began its take-off roll, the engines and systems parameters
were reported to be normal.

At a speed of 180 km/h, the crew asserted that they saw a flock of birds on the runway
which prompted the Captain to take control of the aircraft. Subsequently, the aircraft
sustained multiple bird strikes.

The left engine suffered failure possibly due to bird ingestion.

The remains of birds were found at various locations of the left engine (fan blade, slot
between the guide vanes, cavity of the lower engine mount strut, main duct cowling of
the engine core), at nose landing gear and on the runway.

The Captain initiated a rejected take-off at a speed of about 220 km/h which is 20 km/hr

in excess of decision speed, V;.
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3.1.14

3.1.15

3.1.16

3.1.17

3.1.18

3.1.19

3.1.20

3.121
3.1.22
3.1.23

The Captain's actions were stated to be motivated by a state of emergency and aimed at
minimizing the consequences of the occurrence, since an aircraft overrun during the take-
off is obviously less dangerous than an aircraft impact at failure of two engines at the
initial stage of the climb.

There is a ravine at 15m from the end of RWY 29 in addition to a major road that is
adjacent to the airport’s perimeter fence.

The Captain, in a bid to increase the stopping distance and avoid the ravine veered to the
right of the runway centreline.

Runway 29 is 2160m long. At both ends of RWY 11/29, the areas are provided with the
runway turn around pads 60m long each, one of them (at the end of RWY 29) is included
in RWY length of 2160m.

Runway 29 has neither runway end safety area, nor stopway. Runway strip extends
beyond the end of the runway for a distance of 10m only. Clearway on RWY 29 is 60m
long.

Airport services did not carry out the runway inspection prior to the departure clearance
on the presence of the birds before take-off of CVK7087, as required by the Airport
Wildlife Control Programme.

The Ornithological report on the bird remains found on the runway after the occurrence
identified it as the juvenile specimen of diurnal carnivorous bird of Falconiformes of the
Hawk Family (Accipitridae) — Common Honey Buzzard, Pernis apivorus.

Statistics of bird strike collisions in the aerodrome area is not properly kept

The Airport Rescue and Fire Fighting (ARFF) service responded promptly.

One of the six occupants suffered minor injuries.
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3.2 Causal Factor

The investigation determines that the cause of this accident as:

Due to the presence of birds on the runway, the take-off was rejected at a speed above decision

speed V1, which is inconsistent with CAVOK’s Standard Operating Procedures (SOP).

3.3  Contributory factors
The contributory factors to this accident include but are not limited to the following:

i.  Failure of the crew to deploy interceptors (speed brakes/spoilers).
ii.  Inadequate flight crew training on details of rejected take-off procedure scenarios.
iii.  The omission of the take-off briefing in CAVOK’s Normal Operations checklist.

iv.  Poor Crew Resource Management (CRM), especially in a multi-crew flight operation.
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4.0 SAFETY RECOMMENDATIONS

4.1 Instituto Nacional de Aviacao Civil (National Civil Aviation Authority of STP)

4.1.1 Should improve the habitat management programme (including reduction
or elimination of trees, shrubs and other plants which provide food, shelter
or roosting sites for birds)

4.1.2 Should enhance its aerodrome grass management appropriate to the
prevalent species and the degree of risk that they pose.

4.1.3 Should liaise with local inhabitants to limit the attraction of birds to fields
(in the vicinity of the airport).

4.1.4 Should install specialized ground-based radar equipment used for tactical
detection of large flocking birds.

4.1.5 Should adopt and extend Runway End Safety Area to conform to ICAO
standards.

4.1.6 Should include the information about the ravine at the end of RWY 29 into
the AIP and Send it as Notice To Airmen (NOTAM).

4.2 Ukraine Civil Aviation Authority

Should enhance its oversight functions by reviewing all safety related items pertinent

to operators’ checklists and manuals.

4.3 CAVOK Airlines

4.3.1 Should review its Rejected Take Off (RTO) training syllabus to incorporate
robust RTO training plan for both initial and recurrent aircraft type
simulator training and assessment to include unexpected scenarios and

stop-and-go decision making.
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4.3.2 Should review its Normal Operations checklist in order to include take-off

briefing as an item for each flight.
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Appendix 1: Expert Report
Expert Report

of Bird Species and Status Established with Biological and
Photographic Evidence from Site of Accident, Which Took Place
with Ukrainian Aircraft AN-74TK-100, UR-CKC,on July 29, 2017, in
Democratic Republic of Sao Tome and Principe

The research of the five photocopies of photographs taken from
different distances of the bird deceased, apparently, on the runway in the
area of its collision with the abovementioned aircraft at the take-off,
makes it possible to identify it as a diurnal carnivorous birdof
Falconiformes of the Hawk Family (Accipitridae) — Common Honey
Buzzard,Perm's apivorus L.

Judging by the photo materials, the bird is a juvenile (the first
annual dress) and represented by a bright morph, that is, one of the
three typical color typescharacteristic for this species — typical, dark and
light ones.

As regards the provided biological evidence, it was found that itis
composed of fragments of several secondary contour feathers, which are
probably related to the body or flight feathers. The light bordering of the
wing feathers is also more common for young birds of the Honey
Buzzard, which is present on one of the fragments.

A comparison was made of the received fragments with
ornithological materials at the Zoological Museum of the National
Academy of Sciences of Ukraine, and it was determined that they, in
general, may correspond to the mentioned species bythe color and form,
though, in the same way, to the several representatives of the Hawk
Family. Unfortunately, a limited number of the feathers and their
condition can not undoubtedly guarantee their belonging to the Common
Honey Buzzard.But, in the photographs, it is clearly visible the damage
of the feathering of the bird deceased on the runway from the left wing
side and the lack of primary flight feathers and most of the ruddersof the
tail. If this particular bird penetrated into the left engine, then one can
suggest that atthe take-off, the aircraft "overtook" the bird from behind, at
that, a part of the left side feathers was pulled out.

It should be noted that the photographs do not contain a view of the
bird from the lower (abdominal) part, which makes it impossible to
determine, whether there is a damage there, and, if there is, whether the
damage could cause death of this individual.
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Regarding the status of the Honey Buzzard in the area, where the
Ukrainian plane crashed, we report the following:

The Common (or European) Honey Buzzard nests in the most
partof the territory of Europe and West Asia (Russia). The number of the
European population alone is on average about 150 thousand nesting
pairs. It is a distant migrant and flies for winteringmainly to the West and
Central Africa (from Guinea to Zaire). One of the largest mass migratory
routes passes through the Gibraltar, where only for2016 season (spring
and autumn), 97,000 individuals of migrating Common Honey Buzzards
of were counted. Further, the birds cross the Sahara and then
dispersealong the equator.

In such a way, the islands of the Gulf of Guinea, in this case, the
Democratic Republic of Sao Tome and Principe, are part of the winter
areal for the Honey Buzzard. In wintering places, it stays until mid-April-
early May, and then returns to the breeding grounds.

As it turns out from the information provided, the accident that
involves,presumably, the mentioned species took place on July 29. The
Honey Buzzard departure from the breeding grounds usually begins only
since mid-August. The young bird migration usually begins several
weeks earlier than the adult migration (end of August — beginningof
September). Even taking this into account, it is difficult to explain the
presence of the young bird of this species in the Gulf of Guinea in late
July. Assuming the earliest beginning of the autumn migration, the bird
would need a certain period to reach wintering places. So, according to
the satellite tracking results (from radio beacons attached to the birds), it
was found that on average, this period is more than 50 days for the
Common Honey Buzzard residing in the southern Sweden.

Therefore, the most probable is the other version based on the
study of foreign scientists. It has been found that some young birds
remain in Africa throughout the summer and do not return to the nesting
sites for a yearminimum. This is also noted for some other species of
diurnal carnivorous birds.

It can be assumed that the Honey Buzzard individual, which may
have caused the accident with the Ukrainian aircraft in the Democratic
Republic of Sao Tome and Principe, belongs to the category of young
birds that have remained fora summer period in the region of the species
wintering. Its (maybe, of other Honey Buzzards) presence within the
aerodrome area is explained by peculiarities of the species nutrition,
where the mainfoodis formed by the insects,which are particularly well
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visible in the places that should be periodically moweddown. The
possibility of the bird penetration under the plane is associated with
frequent walking on the ground in the search for prey, which is
behavioral for this species.

In general, it should be noted that the bird strike problem is on the
front burnerworldwide. Its resolution is handled by special scientific units
that conduct accident investigations and develop techniques for their
maximal prevention. In Ukraine, for many years,such a group of
ornithologists existed at the Institute of Zoology and successfully
collaborated with civilian and military aerodromes throughout the
country. And in this case, it is obvious that the presence of an
ornithologist at the scene of the accident, or at least,a timely consultation
on sample collection and storage, would enable not only to avoid the
majority of the above issues, but also to issue some recommendations
for the further prevention of the similar occurrences in this region.

Main Sources Used:

ik ZubarovskyiV.M.Fauna of Ukraine. Volume 5. Birds. Issue 2.
Carnivorous Birds. - Kyiv: NaukovaDumka, 1977. - 322 p.

2 Cramp, S. and Simmons, K. E. L. 1980. The birds of the western
Palearctic. Vol. 2. - Oxford Univ. Press.

Sk Hake, M., Kjellen, N. and Alerstam, T. 2003. Age-dependent
migration strategy in honey buzzards Pernisapivorus tracked by satellite. - Oikos
103: 385-396.

4. Bruderer, B., Blitzbalu, S., Peter, D. 1993. Migration and flight
behavior of Honey BazzardsPernisapivorus in Southern Israel observed by radar. -
Ardea 82: 111 -122.

Expert:

~ Cand. Sc. (Biology) /signed/
Head of Fauna and Chine SpeciesDivision
I.I. Shmalgauzen Institute of Zoology
National Academy of Sciences of Ukraine

Stamp: [I certify authenticity of the signature of e
Clerical Office Head] /signed/

Seal: [Identification Code: 05416975
I.I. Shmalgauzen Institute of Zoology
National Academy of Sciences of Ukraine]/signed/ 20.10.2017
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Appendix 2: Fuel Sample Analysis
Inspectorate Marine Services (Nigeria) Ltd.
51A, Marine road Apapa, Lagos Nigeria. b
Tel : +234 (07098727040 ( =
\\ 7829 .
Client AB INSPECTORATE
Vessel NOT ADVISED
Cargo JET A1
Port NOT ADVISED
Date pled BROUGHT BY CLIENT
ANALYTICAL REPORT
lSample Source BROUGHT BY CLIENT
Product JET A1
Laboratory ID INSP/09/2121/LA17
|seal Number NIA
Container Volume 1X500mL
TEST PERFORMED
Test Method Result Units
Colour ASTMD 156-02 +16
Total Sulpur ASTMD 4294-04 0.118 Y%owt
Mercaptans sulphur ASTMD 3227 0.0018 %wt
Doctor test ASTMD 4952-02 POSITIVE
Distillation ASTMD 86-04 °C
Initial Boiling Point 166.0
10% Recovery 178.0
50% Recovery 198.0
90% Recovery 238.0
End Point 262.0
Residue 1.0 %vol
Loss 0.5 %vol
Flash point IP 170 50.0 °C
Density @15°C ASTMD 1298-99 0.8021 glcm3
Freezing Point ASTMD 2386-01 -57.0 °C
Copper Strip(class)2hrs@100°C ASTMD 130-04 1A
Existent Gum ASTMD 38103 1.0 mg/100ml
Microseparometer with SDA ASTMD 3948-99 87 rating
Electrical conductivity@27.5°C ASTMD 2624-02 121 Ps/m
g aa Bl - : 5 504
Signed ——¥wwingretorate oo
Date 27/09/2017 Time 1740HRS
Documents not signed and by the appropriate L y ity remain invalid.
Precision Parameters apply in the determination of the above results. Also please refer to ASTM D 3244-80A, IP367/93 and IP Standards Appendix E for

utilazation of test data to determine conformance with specifications.
This report is issued by the Company under its General Terms and Conditions for inspection and testing services. Except by special arrangements, samples if
drawn will not be retained by the Company for more than 3 months.
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Appendix 3:

AN-74 Operations Manual

PAGE26  |AN-74 OPERATIONS MANUAL :
21022017 | PART B. FLIGHT OPERATION OF THE AIR(;RAFT AN-T4
REVISION 0 2. NORMAL OPERATION - C A O K
OPS 1 2. HOPMAIIBHAS SKCIUTYATALIMS

WARNINGS: NPERYNPEXAEHUS:

1. It is forbidden to make direct coordination of
the scales on the plane pressure altimeter BM.

2. If the difference between the pressure at
the airport of departure and the bar pressure
altimeter, and also between the readings and the
height of the airfield futomerov exceed specified
tolerances, FORBIDDEN takeoff.

»  check tables altimeter readings with the total
corrections.

Altimeter setting procedures to watch: OM Part A
Ch.8,p/n8.33.

2.4. TAXIING, TAKEOFF, CLIMB.

2.4.1. Preparing for taxiing and taxiing

Before taxiing:

»  swilch on lighted signs FASTEN BELTS, NO
SMOKING

» make sure that there are no signals on
warning annunciators

WARNING! AT AMBIENT TEMPERATURE
BELOW MINUS 30 °C BEFORE TAXIING-OUT
PERFORM SEVERAL DEFLECTIONS OF AN
ELEVATOR AND A RUDDER FROM ONE
EXTREME POSITION TO ANOTHER AS WELL
AS DEFLECTION AND RETRACTION OF
SPOILERS USED AT A DRAG MODE

» test for the serviceability of the elevator

. trimming tab

LS

» set trim tabs of the elevator, rudder and
ailerons into the neutral position

» make sure that navigation, flight, radio
communication and radio equipment of the plane
and recording instruments are on, the
annunciator HK-rOTOB (INTEGRATED
NAVIGATION SYSTEM - READY) is illuminated
> tune ADF N1 on the frequency of the LOM,
while ADF N2 - on the frequency of airway
recovery

» specify the runway heading and the
maneuver of leaving the airfield zone

»  switch on airplane transponder CO-72M and
TCAS

» make sure that controls of CPCS -
(automatic cabin pressure control system) are
properly installed

¥ switch on the switches LEFT ICE SNSR and
RGT ICE SNSR and set the switches of the
antiicing system the airframe and of the engines
into the position AUTO

» switch display EXIT (emergency lighting
PREPARED)

» make sure that emergency and warning
display are off, make sure that the ADR on and
do not bum display ADR - FAILURE ADR- and no
reserves.

» If the display off, press the ADR
PREPARATION while placards shall extinguished
» read out the "BEFORE TAXIING-OUT",
checklist

¥  request taxiing-out clearance

» make sure that there are no obstacles on
the taxiway

KBC

KBC,
2n
KBC,

KBC,
2n, wr

wr,
(KBC,
2)
wT
KBC
EM

KBC,
2n

KBC

KBC

EM

wT
KBC,

KBC,
2n

1. 3anpeujaeTcA NPOU3BOAUTL HEMOCPEACTBEHHO
Ha camoneTte cornacoBaHue LWKan AasfeHus
BbicoToMepos BM.

2. Ecnu pasHocTe Mexay pasneHweMm Ha
aspoApoMe BhINETa U NOKA3AHWAMU LWKaAN AaBneHus
Ha BLICOTOMEpAX, a Takke Mexay noKasaHuaMu
¢hyToMepoB 1 BLICOTOW @A3POAPOMAa MpesbiwaeT
yKkasauHble gonycku, B3/IET 3AMNPEUAETCS,

» nposepbTe  Hanuuve Tabnuu  nokasauwit
BLICOTOMEPOB C YYETOM CYMMapHbIX NONPaBsoK.
Mpoueaypkl yCTaHOBKM BLICOTOMEPOB CMOTpeTts: OM
PartATn. 8, n/n8.3.3.

2.4.PYJIEHUE, B3MET, HABOP BbICOTbI

2.4.1. Moo, K py 0 U pynevue

lMeped ebipynueanuem:

»  BKniouute ceertosble Tabno 3ACTEMHYTb
PEMHW, HE KYPUTb

» ybegurecs B  oTCyTCTBUM
npeaynpexaatowmx Tabno

BHUMAHUE! nPU TEMMEPATYPE
HAPY)XHOIO BO3AYXA HWKE MWUHYC 30 °C
NEPEN BbIPY/IMBAHWEM NPOU3BEAUTE
HECKOJIbKO PA3 OTKNOHEHUE PYNA BLICOTLI
W1 PYNA HANPABNEHWA U3 OAHOIO KPAUHEIO
NONOXEHUA B APYIOE, A TAKKE
OTKNOHEHWE W YBOPKY WHTEPLIENTOPOB,
UCMONBL3YEMbIX B TOPMO3HOM PEXUME
»  nposepsTe paboTocnocoGHocTs TpuMmepa PB

CUrHanos Ha

» ycravosute Tpummepsl PB, PH u snepoHos B
HEUTpanbHOe NonoxXeHue
»  ybeautecs, YTO HABUraLMOHHOE, NUNOTAXHOE,
paauocsnsHoe U paguoTexHudeckoe obopyaoBaHue
camornerta W perucTpupyiowme npubopsl BKITIOYEHS!,
roput Tabno HK - FOTOB

»  Hacrpoite APK Ne | hu wacroty ANPM, a APK
Ne 2 - Ha wvacroTy npuBoAa Kopuaopa BbIXOAA
(coots. KYPC-MI1-1, KYPC-MI1-2)

»  YyTOMHUTE KypC B3neTa W MaHesp BbIXOAa u3
30HbI aspoapoma (STAR)

> BKKOMUTE  CAMONETHBINA
72M,TCAS.

» ybeauteck B MPaBUNBLHOCTA  YCTAHOBKM
perynupyowmx opravos CAP/[l Bkniouute CKB
camonera

»  yCTaHosuTe nepeknioyatenud oborpesa crekon
8 nonoxenue OCIIABJ], skniouuTe Bbiknouatenu CO
NEB u CO NPAB u ycranosute nepeknioyareny
MOC nnaxepa u Aeurateneil B nonoxexue ABT

> BknouuTe Tabno BbIXOA (ABAP. OCBELL.
NOAroTOBNEHO)

» ybenutecs, 41O aBapuiHbie 7
npeaynpexaatwue Tabno He ropar ybeautecs, YTo
AP BrnioyeH WU He ropat Tabno ALP - OTKAS u
AP- HET PE3EPBA.

> Ecnu Tabno ropar, Haxmure kHonky AP
NOArOTOBKA npu aTomM Tabno A0MKHLI NOracHyTL

»  gaudTanTe KapTy KOHTPONbHOW  NpoBEepku
NEPEN BbIPYITMBAHUEM

»  3anpocuTe paspelueHue Ha BbipynuBaHue

oteeT™imMk  CO-

» ybeautech B8 OTCYTCTBUM
nonoce pynexus

NpenaTcTBuin B
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»  give the order to disconnect the cable of the
airfield ICS and remove the braking blocks

> warn the crew about taxiing-out

»  switch on the nose landing gear control

> release the airplane from the parking brake
and add power to the made necessary for a
smooth moving off from rest

» double switching display “fasten your seat
belts," let the team cabin crew to prepare for
takeoff.

NOTE. In case of necessily of using the
reversal at the parking area or while taxiing the
engines must be warmed up in accordance with
the instructions of sub-section 8.1.

While taxiing:

» test the operation of the main and than that
of the emergency system of braking

» set the necessary speed of taxing
depending on the condition of the taxiway,
availability of obstacles and visibility conditions at
ambient temperature below 0°, heavy snow or ice
heating of the static pilot tube and (the pilot tube).
At time delay when taxiing for more that 5
minutes, switch off the heating of the static pilot
tube and the pilot tube periodically for cooling
with 5-min intervals

» turns and direction, while taxing, are to be
kept by turning the knob, and, if necessary, - by a
separale braking of wheels or by creating the
asymmetry of thrust. The scheme of motion of
characteristic points of the airplane and its
landing gear while turning with @ minimum radius
is shown in Fig. 1.

» at turns make sure of the serviceability of
the flight and navigational instruments, A[1P

»  switch on the mode of heading alignment
according to TWY (if the TWY heading is known
and the heading alignment is marked)

»  read the checklist "DURING TAXIING"

WARNING!

1. DO NOT ALLOW THE TURNS TO BE
CARRIED OUT WHEN THE WHEELS OF ANY
OF THE MAIN LANDING GEAR ARE FULLY
BRAKED ON.

2. WHEN THE CROSSWIND EXCEEDS 10
m/sec DO NOT USE THE ENGINE POWER
(FROM THE LEEWARD SIDE) ABOVE 0.7 OF A
RATED VALUE.

3. WHILE TURNING, KEEP THE SPEED
UNDER 10 km/h. REMEMBER ABOUT LOADS
ON CHASSIS AND WHEELS WHICH
PROPORTIONAL CUBE SPEED.

N

KBC

KBC
KBC

KBC

KBC

KBC,
2n
KBC,
21, BM

KBC

KBC,
wT, 2n

wT

wT

»  paiite KoMaHay OTCOSAUHUTL kabene
aspoppomHoro CINY u ybpatk konoaku
>  npeaynpeauTe akunax o BbipyNUBaHUu
»  BKNIOYUTE ynpasneHue nepegHeit onopoi
>  CHUMUTE CamOnNeT CO CTOAHONYHOro TOpMO3a u
yBenuubTe pexum pabotel  peurateneid o
HeoBXOAUMOTo ANS NNABHOTO CTPAruBaHus -
¥  ABOWHbIM BKMIoveHuem Tabno «MPUCTEMHYTh
PEMHW» paure komasay WUTC npurotoButhes K
B3neTy.

NPUMEYAHHUE. B cnyydae Heobxoaumoctu
UCNONL30BAHWA pesepca Ha CTOAHKE WKW  Npu
pyneHun ABurateny AoMkHbl BbiTh NPorpeTs

Ha pynenuu:

» onpobyiite pabory OCHOBHOW, a 3arem
aBapuiHOM CUCTEM TOPMOXEHUA

»  ycraHoBuTe NOTPEBHYI0 CKOPOCTh PYNeHus 8
3aBUCUMOCTM OT COCTOSIHUA PYNEXHOW Nonocel,
Hanuuus NPensTCTBUA U YCNOBUA BURUMOCTU -Npu
OTPULATENBHBIX TEMNEPATYpax HapyxHOro BO3AYXa,
CUNLHOM CHeronafe unu obnefieHeHun BKNIOUUTE
oGorpes NBA v MNA. Mpu 3agepxke Ha pyneHun Ha
epema Gonee 5 MuUH nepuoguuecku oTKNOYauTe
oborpee NBA u MM Ha 5 MUH ANA OXNAXAEHUR

» passopoThbl W HanpaeneHWe Ha pyneHuu
BbiAEPXUBAATE NOBOPOTOM  PYKOATKW, a npu
HeOGXOAMMOCI'M = pasgenbHbIM TOPMOXEHUEM Konec
Unu cosfaHnemMm aCUMMeTpUun TAM. Cxema ABUXEHUA
XapaKkTepHbIX TOYEK camMoneTa U ero waccu npu
Pa3sopoTe C MUHUMANBHLIM PaAUYCOM NOKaldaHa Ha
Puc. |

» Ha passopoTtax y6eaurecs B
paboTocnocoBHOCTU NUNOTaXHLIX U HABUraLUOHHBIX
npubopos, AZIP

>  BKNIOYMTE pexum BbicTasku Kypca no P (ecnu
ussecteH kypc Pl ¥ oHa mapkuposaHa)

»  3ayuTailTe KapTy KOHTPONbHOW nposepku HA
PYNEHUA

BHUMAHHUE!

1. HE [IONYCKAUTE PA3BOPOTOB [PU
NONMHOCTLKD  SATOPMOXEHHbBIX  KONECAX
OHOW U3 OCHOBHbIX OMOP LWACCH.

2. NPWU BOKOBOM BETPE BOJEE 10 m/c HE

UCTONL3YUTE ~ PEXMM  ABUFATENA  (C
NOABETPEHHOMW  CTOPOHbI)  BbIWE 0,7
HOMUHAJBHOIO.

3. MPU PA3BOPOTAX BbIEPXXBAUTE
CKOPOCTb HE BOJbWE 10 kM4, NMOMHUTHL O
HAMPY3KAX HA VY3Mbl WACCU W KONEC,
KOTOPLIE NPONOPLIUOHANBHbI KYBY
CKOPOCTHU.
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FIG. 1. DIAGRAM OF MOTION OF PUC.1. CXEMA [BWDKEHWUS XAPAKTEPHbIX

CHARACTERISTIC EXTREME POINTS OF THE
AIRPLANE AND ITS LANDING GAR WHEN
TURNING WITH A MINIMUM RADIUS

Centre of turn at
aminimum radius

FABAPUTHbLIX TOYEK CAMONETA U ErO WWACCU

neu PASBOPOTE C MUHUMATBHBIM
PAJUYCOM
49!
T £ A
b g g
)
Ir M R 25 e
» Y
%

2.4.2. Takeoff
Preparetion for takeoff
At taxi holding point:

» extend flaps and leading edge slats into the KBC

take-off position 10/19

»  make sure that the annunciator FULL on the  KBC,
. central control panel is illuminated and the BEM

annunciator RESTRICT is gone out

»  check for locking the seat, closing the side 3

direct vision windows, positioning of the canopy

defogging knobs

» make sure that the pointers of altimeters 3

BM-15115 and indicators YB-75-15M6 are set to
zero, while the pointer of indicator YB-75-15(cb)-
BEQ is set to the airfield level.

Compare the pregsure on the altimeters with
the baromelric pressure at the airport of
departure, and the pressure on the foot-graduated
indicator with the pressure reduced to the mean
sea level in accordance with the data of the air
traffic control service.

Readings of the pressure indicators of the
altimeters  (foot-graduated, altimeter) must
correspond to the data of the weather service with
a tolerance of:

+ 1.5 mm Hg (2.0 hPa) for the ¥YB indicators
+2.0 mm Hg (3.0 hPa) for the BM meters

2.4.2. Baném

lModzomoeka K e3nemy.

Ha npedeapumenstom cmapme:

»  BbINYCTUTE  3aKPLINKM U NPEAKPbLUTKU B8O
BaneTHoe nonoxexue 10/19°

»  ybeautech, yto 3saropenock Tatno MOJIH Ha
LeHTpansHoM nynsTe u noracno Tabno ONrPAHUY,

» npoBepbTeé CTONOPEHWE Kpecna, 3aKkpbiTue
hopTovek, nonoxexve pykoatok obayea doHaps

» ybeauteck, 4TO CTpenku BbicoTomepos BM-
15M6 u ykasateneit YB-75-15116 ycraHoBneHsl Ha
Hynb, a cTpenka ykasatens YB-75-15¢-MBI u BB
Ha BbICOTY aspojpoma.

CpasHute faBneHve Ha  BbICOTOMEpax ¢
GapomeTpudeckuM  AaBneHMEM Ha  a3poapome
eoineta(QFE), a ykasatens ¢yToB - C AaBNeHuem,
npuBeAeHHbIM K cpefHeMy ypoBHio Mops(QNH), B
COOTBETCTBUU C AaHHbIMU cnyx6bl YB/I.

MokasaHua ykasaTenen RaBNeHUs BbICOTOMEPOB
(chyTomepa) [AOMKHLI  COOTBETCTBOBATL  AaHHLIM
meTeocnyXBel C AONYCKOM:

+ 1,5 mm pr.cr. (2,0 rMa) - ana YB
+ 2,0 mm pr.cT. (3,0 rMa) - ana BM
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CAUTION. IF READINGS OF THE
PRESSURE INDICATORS OF THE
ALTIMETERS (FOOT-GRADUATED
ALTIMETER) EXCEED ALLOWABLE VALUES
THE DEPARTURE IS PROHIBITED.
> switch on the heating of the static pilot tube
three minutes before departure
» read the checklist taxi holding point AT
HOLDING POINT
> obtain the take-off conditions and clearance
for taxiing-out to the runway.

At the lineup:

»  align the airplane with the runway centreline
in the direction of the take-off, taxi to the final
approach line 5 - 10 m and brake the wheels

> set corresponding mode of operation of the
transponder CO-72M, TCAS.,

> make sure that the annunciators LEFT
(RGT) T/REV MLFCNT and LEFT (RGT) ENG
REVERSE are not illuminated

> make sure that the annunciators of the open
position of the nozzle shutters of the engine are
illuminated

> make sure that the switch AUTO - MAN of
the nozzle shutter control is in the AUTO position

> let out headlights and turn them into "takeoff
and landing.

NOTE. Switching on the lights in the regime
"Take-off - landing" is realized by the captain
decision depending on the conditions of take-off.
> check the heading selection.

»  cut off the air bleed from engines and air
supply to the flight compartment and to the cargo
compartment*)

»  read the checklist THE LINE UP

> obtain the take-off clearance

> remind the crew about the speed value of V,
VR, V2

> report: "The first turn at a height... to the left
(to the right) for the heading ... degrees”

>  make sure that there are no obstacles on the
runway and that the parking brake is disengaged

» % holding the airplane with brakes set
smoothly the mode of operation 74 - 76° for both
engines according to HIl-33 (air compressor - low
pressure valves are opened)
> make sure that the engine operates normally
> release the brakes synchronously and in 2-3
seconds boost smoothly the engines mode of
operalion to the take-off power

WARNING! WHEN TAKING OFF FROM THE
SLIPPERY RUNWAYS, WHICH ARE COVERED
WITH PRECIPITATIONS, BOOST THE MODE
OF ENGINES OPERATION TILL MOVING OFF
THE AIRPLANE FROM REST BUT DO NOT
EXCEED 74-76° ACCORDING TO WN-33,
RELEASE THE BRAKES SYNCHRONOUSLY
AND, AT THE BEGINNING OF THE TAKE-OFF
RUN, SMOOTHLY AND SYNCHRONOUSLY

BEM
wT
2n

KBC

KBC

KBC,
EM

EM

EM

T,
KBC,
2,
BEM,

wT
2n
wT
KBC,
KBC
wT

KBC,
2n

BEM

EM
KBC,
2n

NPEQYINPEXQEHUE. ECMIN  NOKA3AHUA
YKABATENEW  [ABNEHMA  BLICOTOMEPOB
(PYTOMEPOB) MPEBBIWAIOT  [JONYCTUMBIE
SHAYEHWSA - BLINET 3AMNPELWAETCSA.

> Bknioyute oborpes [BA, nna sa 3 mux go
Banera
»  3avuTtanrte Kapry KOHTPONbLHOU npoeepku HA
MNPEABAPUTENBHOM CTAPTE
> NONY4UTE YCNOBUS B3NETa U paspelleHue Ha
BbIpynusaxue Ha BINN

Ha ucnonnumensrom cmapme:
» ycraHosuTe camoner no ocu BNMN 8
HanpasneHun Baneta, Nnpopynute no npsmoit 5-10 m
1 3aTopmosuTe Koneca
»  ycTaHosute COOTBETCTBYIOUWUIA pexum paboTs
oteeTyuka CO-72M u TCAS
»  ybeputecs, uto Tabno JIEB (MPAB) PEBEPC
HEWCNP u NIEB (NPAB) PEBEPC He ropst

»  yBepurecs, 4yTo Tabno curHanusauum
OTKPLITOrO NONOXEHWUA CTBOPOK conen Asuratens
FOpAT

»  ybeputecs, uto nepekniovatens ABT - PYYH
ynpasneHus creopkamu B8 nonoxenue ABT -
NpoBepbLTe yCcTaHoBKY Kypca

> BbINYCTUTE hapbl U BKNIOYUTE UX B pPexum
"BaneTt-nocapaka

NPUMEYAHHUE. BknioueHue dhap B pexum
"BaneTt-nocagka" swinonHseTca no pewenuo KBC 8
33BUCUMOCTYU OT YCNOBUA B3NeTa.

»  NPOBEpUTH Kypc BaneTa.

»  OTKlounTe OTGOpLI BO3AYXa OT ABUraTened u
NoAavy Bo3ayxa B kabuHy akunaxa U naccaxupekyio
kabuHy (npu HeoBXxoAMMOocTH)

»  3auuTanTe KapTy KOHTPOMLHOWM nposepku HA
UCTIONHUTENBLHOM CTAPTE

»  nonyyure paspelueHue Ha BINET

> HanoMHWTE SKUNaxy BenuuuHy ckopoctn Vi,
Vn.on.,Vz

»  ponoxure: “Mepsbid PasBopoT Ha BLiCOTE ....
Beso (BNpaeo) Ha Kypc ... rpagycos”

»  ybeautech B OTCYTCTBUM NpensTcTBuit Ha BN
W B BbIKMIOYEHWU CTOAHOMHOrC TOPMO3a, AaiiTe
komaHay: «PEXXUM B3METHbLIW»

»  NNaBHO ycTaHosuUTe 06OUM ABUraTeNaM pexmum
74-76° no UNM-33 (KMNB KH oTkpbiTbl)

> yBeputeck B HOpMansHoi paboTe asuratens
»  CUHXPOHHO OTMyCTUTE TOpMO3a W yepes 2-3 ¢
NNaBHO yBenuubTe pexum paboTsl Asuratenei [0
B3NETHOrO

BHUMAHHE! NPN B3JNETE CO CKOMNb3KUX
BN, MNOKPLITLIX OCAOKAMW, YBENUUYLTE
PEXUM PABOTbI OBUFATENEN ao
CTPATMBAHWA CAMONETA, HO HE BBILLE 74-76°
no UM-33, CAHXPOHHO OTMYCTUTE TOPMO3A
W B HAYANE PA3BErA MNABHO U CUHXPOHHO
YBENUYLTE PEXXUM PABOTbI ABUrATENEN [10
B3NIETHOro
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Appendix 4: AN-74TK Flight Manual

AN-74TK-100

FLIGHT MANUAL
5.1. ENGINE FAILURE

5.1.1. General

Engine failure features
1. Turning and rolling of aircraft to the failed engine side.
2. The annunciator RGT ENG FAIL (LEFT ENG FAIL).

3. The intermittent signal at crew telephone receives is sounding.

4. The decreasing of engine rotational speed.

WARNING! IT IS NECESSARY TO STOP ENGINE, TO INFORM THE ATC DISPATCHER AND LAND THE
AIRCRAFT AT THE NEAREST AERODROME AFTER ILLUMINATION OF “LEFT ENG-HI VIBR"

("RGT ENG-HI VIBR") PANEL,
After engine failure :

- set the FUEL OFF LFT (FUEL OFF RGT) lever of the failed engine to the SHUT OFF
position

- switch off the failed engine generator

- close the failed engine fuel emergency shut-off cock crane

- disconnect the air bleeding of failed engine

- disconnect the air conditioning system (AIR COND) of the cargo compartment

- inspect the opening of cross-feed valve by illumination CROSS-FEED VALVE OPEN
at the hydraulic system panel. in the case of the annunciator non-illumination, open
the cross-feed valve setting the switch CROSS-FEED VALVE to the OPEN position

The procedure of air bleeding use for AIR COND after engine failure:
At the take-off or climb:
- start APU at height circuit, but at least 400 m

- slart the air bleeding at AIR COND of both cabins from APU, disconnect the air
bleeding from engine

n_the cruising flight:
- start APU at height lower than 6000 m

- start the air bleeding at AIR COND of both cabins from APU, disconnect the air
bleeding frogn engine.

5.1.2. Engine failure at take-off run (V < Vi)

Interrupt the take-off, for this: '

- set the engine control levers to the IDLE position, keeping the aircraft from turning
and rolling using rudder pedals declining and using asymmetrical wheels braking
(it it is necessary)

C, C-FE, C-CO

C

C, C-FE, C-CO
CcO

Cco

(o]

cO

5. Page 1
Dec 5/97
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- decline the control wheel beyond the neutral position C
- set REV lever of operating engine to the maximum reverse thrust position c-CO
- extend the spoilers C

Cc

- apply the main braking

- turn off the thrust reversal (if it is necessary) for decreasing side-ways deflection C-CO
of the airplane at the run end under the speed close to taxing one

- carry out the operations in accordance with para. 5.1.1 G

5.1.3. Engine failure at take-off run (V > Vi)

Operating engine is automatically switched to the extreme regime EM LEFT (EM RGT)

Continue takeoff, for this:

- report that “emergency power condition on”™ FE
- keep the aircraft from turning and rolling using rudder pedals, ailerons deflecting C
- carry out the lifting of nose landing gear at the 175...230 km/h speed (4]
provide the incidence angle 7...8° using automatic pilot control (APC) (2...3° in pitch) (C
- after aircraft lift-off provide roll to 3° to the operating engine side, no performing slip |C
(slip indicating ball shall be declined at 1/4 diameter to rolling side)
- bull up the aircraft to climbing with the simultaneous increase of the speed up to G
205...250 km/h ;
- at 10 m height retract the landing gear and continue climbing keeping C-CO
205...250 km/h speed
- inspect and report the height and speed change ‘ cO
- inform the air traffic control (ATC) dispatcher C, C-CO
- at 400 m height increase the speed to 250...290 km/h, retract flaps, increasing C-CO
simultaneously the speed to 285...315 km/h on completion of the flaps retraction
‘and converting the operating engine to the extreme intermediate regime
- in the process of retracting do not permit the height loss C

Remove the control wheel forces using elevator trimming tab

NOTE. The flaps retracting generates the over-balancing of the rudder pedals connected with changing
of rudder first link gear ratio. This fact demands to increase the pedal declining for the aircraft
balancing to 4/5 travel

- carry out the operations in accordance with para. 5.1.1

’
- fulfil the circuit flight at 300...820 km/h speed

|
- fulfil the turning with rolling no more than 15° :

G 6 @&

- come to decision about landing at aerodrome of departure or at the nearest
alternative aerodrome

- perform landing in accordance with recommendation of subsection 4.23 C

5. Page 2
Dec 5/97
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Appendix 5: Crew Actions in Specific Situations

AN-74TK-100
CREW ACTIONS IN SPECIFIC SITUATIONS

ABNORMAL PROCEDURES

1 Engine failure.
1.1 General quidlines.

Engine failure features:
1. Turning and rolling of aircraft to the failed engine side,
2. The annunciator RGT ENG FAIL (LEFT ENG FAIL) is on.
3. The intermittent signal at crew telephone receivers is sounding.
4. The engine rotational frequency is decreasing,

WARNING! WHEN “LEFT ENG - HI VIBR” (“RGT ENG - HI VIBR”)
ANNUNCIATOR IS ON, TURN THE ENGINE OFF, REPORT TO ATC DISPATCHER
AND LAND AT THE NEAREST AERODROME.

When engine failure occurs:

(1) = STOP RGT (STOP LEFT) lever of the failed engine to Set F
the, STOP position v E
(2) = Generator of the failed engine Switch off F
E
(3) = Fuel emergency shut-off cock of the failed engine Close 1
E
(4) - Failed engine air bleed Switch off F
E
(5) = Air conditioning system of the cargo compartment Switch off F
! E
(6) — Opening of cross-feed valve when CROSS-FEED Inspect C
VALVE OPEN annunciator is on at the hydraulic system
panel. |
(7) If the annunciator is not on, cross-feed valve Open .5

The procedure of air bleed use at air conditioning system
when engine failure occurs:
At the take-off or ascending:

(a) — at height of 500 m, but at least 400 m, APU Launch F
E
(b) = air bleed at air conditioning system of both cabins from Switch on F
APU L E
(¢) - air bleeding from engine Switch off F
E
In the cruising flight:
(a) — at height lower than 6,000 m APU Launch F
E
(b) — air bleed at air conditioning system of both cabins from Switch on F
APU E
i CAVOK AIR LLC February 21, 6
CAYOK 2012
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AN-74TK-100
CREW ACTIONS IN SPECIFIC SITUATIONS

1.2. Engine failure at take-off run (V<V,) A
Interrupt the take-off, for this:
(1) — engine control levers to the IDLE position Set F

E
(2) — control wheel beyond the neutral position Decline (&
(3) = REV lever of operating engine to the maximum Set F
reverse thrust position E
(4) — spoilers Extend F

E

|_(5) — main braking Apply C
(6) — thrust reversal for decreasing side-ways deflection of Switch off F
the airplane at the run end under the speed close to taxiing E
one, but at most 60 km/h, if necessary
—(7) — operations in accordance with para. 1.1 1) - (). Perform A |
RE
“

CAVOK AIR LLC February 21, 8
2012
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AN-74TK-100
CREW ACTIONS IN SPECIFIC SITUATIONS

1.3. Engine failure at take-off run (V>V1)
Continue take-off, for this:
(1) - aircraft from turning and rolling using rudder pedals, Keep &
ailerons deflecting
‘(2) — lifting of nose landing gear at the 175...230 km/h speed Carry out 8o
"(3) —incidence angle 7...8° using automatic pilot control Provide C
*(2..3° in pitch)
(4) — after aircraft lift-off roll to 3° to the operating engine Provide C
_side, no allowing slip
(5) — aircraft to ascending with the simultaneous increase of Pull up C
the speed up to 205...245 km/h
(6) ~at 10 m height the landing gear Retract C-C
O
(7) - to the ATC dispatcher Report G,
c-C
(&)
(8) — flaps, increasing simultaneously the speed to 285...315 Retract C-C
km/h on completion of the flaps retraction and converting O
the operating engine to the maximum continuous power
NOTE. The flaps retracting results in over-balancing of the
‘rudder pedals connected with changing of rudder first link
gear ratio, which demands to increase the pedal declining
for the aircraft balancing to 4/5 travel.

o CAVOK AIR LLC February 21, 9
/ //_\) 2012

Llew nepeknas 3 pociucbKoi MOBU HA aHINICLKY eHO MHOI0, nepeknanayem ConoBuoBumM

AHApiEM AHaTONIMOBUYEM
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Appendix 6: Extracts from AN-74 Operations Manual

PAGE 3-30 AN-74 OPERATIONS MANUAL

21022017 | PART B. FLIGHT OPERATION OF TH IRCRAFT AN-74TK-100
REVISIONO | 3: SPECIAL CASES OF FLIGHT W

oPS 1 3. OCOBbIE CITY4AU MOMETA.

3.2 ACTION IN COMPLEX SITUATIONS

3.2.1 Engine failure

3.2.1.1 General notes.

Symptoms engine failure:

1. Térn and bank of the airplane to the side of
faulty engine.

2. Warning annunciator LEFT ENG-FAIL
(RGT ENG-FAIL) ifluminates.

3. Intermittent buzzer warning sounds in the
headphones of the crew members.

4. Engine rotational speed loss.

ATTENTION!

AT FIRE OF A SCOREBOARD "THE LEFT
ENGINE - DANGEROUS  VIBRATIONS"
("RIGHT-HAND ~ DRIVE - DANGEROUS

VIBRATIONS") ENGINE STOP, REPORTED AIR
TRAFFIC CONTROLLERS AND TO LAND AT
THE NEAREST AIRFIELD.

When engine failure:
« set the lever RIGHTS STOP (STOP LEV)

; englne failed to STOP

% swilch off the failed engine generator

*  close the failed engine fuel emergency shut-
off cock crane
“  disconnect the air bleeding of failed engine

# disconnect the air conditioning system (AIR
COND) of the cargo compartment
% inspect the opening of cross-feed valve by
ilumination CROSS-FEED VALVE OPEN at the
hydraulic system panel, in the case of the
annunciator non-illumination, open the cross-feed
valve setting the switch CROSS-FEED VALVE to
the OPEN position

The procedure of air bleeding use for AIR
COND after engine failure:

At the take-off or climb:
% start APU at height circuit, but at less 400 m
]
% start the air bleeding at AIR COND of both
. cabins from APU, disconnect the air bleeding
" from engine

In the cruising flight:
< start APU at height lower than 6000 m
“  start the air bleeding at AIR COND of both
cabins from APU, disconnect the air bleeding
from engine.

3.2.1.2. Engine failure at take-off run (V < V))

Interrupt the take-off, for this:
4 set the engine control levers to the IDLE
position, keeping the aircraft from tuming and
rolling using rudder pedals declining and using
asymmetrical wheels braking (if it is necessary)

# decline the control wheel beyond the neutral
position

< set REV lever of operating engine to the
maximum reverse thrust position

<  extend the spoilers

KBC-EM

KBC-2n
KBC-BEM
KBC-EM
KBC-EM

KBC

KBC-EM
KBC,21n

KBC

KBC
KBC-EM

KBC-BEM

3.2 OEUCTBUA B cn
CUTYALIUAX

3.2.1 Omka3 dsuzamens

3.2.1.1 Obwue ykaszaHus.

lMpusxaxku omkasa dsuzamens:

1. Pasgopom u KpeWeuue camonemsa 8
CMOPOHY OMIKAZasluesd dsusamens

2. I'opun madao MPAB LBUI - OTKAS (JIEB
HBHUI - OTKA3)

3.  3sywunin  npepwisucmbill  cuzHan ¢
menegoHax UNeHes IKuNaxa

4. lNadenue qacmomsl SPauieHUs pomopoe
Qeuzamens

BHUMAHHUE!

1PN SAFOPAHUWN TABNO "NEB ABUI -
OlNACH BUBEP" ("NPAB [BUI - OITACH BUEP")
ABUTATENL ~ OCTAHOBUTE,  [JOMNOXWUTE
ANCTIETHERY YBA U BLIMNONMHUTE MOCALKY
HA BIVXKAMWEM ASPOLPOME.

Mpu omka3se dsuzamens:

*  ycraHosute peivar CTOM [PAB (CTON
JIEB) oTkasaBliero AsuraTens B nONOXeHue
OCTAHOB

<& OTKNYUTE
Asuratens

% 3aKpoWTe nOXapHbLIl KpaH OTKa3aBlero
asurarens

< oTKmovuTEe oTOOP BO3AyXa OT OTKa3asluero
Asuratens

% otknoumTe CKB TpaHecnopTHOIA kabuHs!

reseparop OTKasaslwero

%+ NpOKOHTpONupyiite OTKpbITUE Kpava
Konbuesawusa no saropaHuio Tabno KPAH
KONLLEB OTKPbIT Ha wwutke ruapocuctems). B
cnyyae HesaropadHs Tabno, oTkpoiiTe kpas
KonbueBaHus, ycraHoeus nepekniwuyarens KPAH
KONLLIEB 8 nonoxexue OTKP

TexHonors ucnonb3osaxus ot6opa Bo3ayxa
Ha CKB npu oTkase asuratens:

Ha granax s3nera unu Ha6opa BbICOTLI
% Ha BbicOTe Kpyra, HO He MeHee 400 m,
sanycture BCY
<  BKtoyuTe oTGop Bo3ayxa Ha CKB obeux
kabuH ot BCY, otBop ot agsuratens sbikniouute

Ha atane kpeiicepckoro nonera;
% Ha BbicoTax Huxe 6000 m 3anyctute BCY
% BknounTe otbop Bosfyxa Ha CKB ofeux
kabux ot BCY otbop oT ABuratens BuiknouuTe

3.2.1.2. Omkas dsuzamens Ha pasbeze (V<V))
Bsnet npekpature, ans vero:
< yAepxusas caMOneT oOT pa3sopoTa u
KpeHeHUs OTKNoHeHueM nepanen PH, anepoHos,
a npu HeobXOAUMOCTU U HECUMMETPUUHBLIM
TOpMOXeHUeM konec, ycraHosute PY[ 8
nonoxexue 3MI
< OTKnoHWuTe wTypsan or cebs 3a
HEeATpansHoe nonoxeHuwe
% ycraHosute pbiqar PEB  paGotaiowero
ABuratens B8  NONOXEHWE  MaKCUMansHOro
pesepca
L] BbINYCTUTE UHTEPUENTOPbI
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<+ apply the main braking
< turn off the thrust reversal (if it is necessary)
for decreasing side-ways deflection of the

airplane at the run end under the speed close to

taxing one
< carry out the operations in accordance with
para. 3.2.1.1.
3.2.1.3. Enoine failure at take-off run (V > V)
Continue takeoff, for this:
% keep the aircraft from turning and rolling
using rudder pedals, ailerons deflecting
< carry out the lifting of nose landing gear at
the 175...225 km/h speed.

< provide the incidence angle 7...8° using
automatic pilot control (APC) (2...3° in pitch)

< after aircraft lift-off provide roll to 3° to the
operating engine side, no performing slip C (slip
indicaling ball shall be declined at 1/4 diameter to
rolling side)

% pull up the aircraft to climbing with the
simultaneous increase of the speed up to
205...245 km/h

% al 10 m height retract the landing gear and

continue climbing keeping 205...245 km/h speed 0= 7-

’

“* inspect and report the height and speed change

% inform the air traffic control (ATC) dispatcher
% at 400 m height increase the speed to
250..236 km/h, retract flaps, increasing
simultaneously the speed to 285...310 km/h on
completion of the flaps retraction and converting
the operating engine to the extreme intermediate
regime

< inthe process of retracting do not permit the
height loss

% Remove the control wheel forces using
elevator trimming tab

NOTE,

The flaps retracting generates the over-
balancing of the rudder pedals connected with
changing of rudder first link gear ratio. This fact
dgzmands to increase the pedal declining for the

. aircraft balancing to 4/5 travel

% - carry out the operations in accordance with
paraf 3.2.1.1
% fulfil the circuit flight at 300...320 km/h speed

<+ fulfil the turning with rolling no more than 15°

+ come to decision about landing at
aerodrome of departure or at the nearest
alternative aerodrome
< perform landing in accordance with
recommendation of subsection 4.23 of OM.
3.2.1.4. Engine failure on the glide slope
After failure:
< switch off the AFCS using button AP
DISENG at control wheel
< keep the aircraft from rolling and turning

<+ inform the ATC dispatcher
< keep the speed of pre-landing descent

KBC
KBC-EM

BEM

KBC
KBC

KBC
KBC

KBC

KBC-EM

2n

KBC
KBC

KBC
KBC

KBC-EM
KBC
KéC
KBC

KBC

KBC
KBC

KBC
KBC

< NpUMEHUTE OCHOBHOE TOPMOXEHUe
< npu  HeoBXoAUMOCTM, ANA  YMEHbWEHWs
Bokosoro ysoaa B koHue npobera Ha CkOpoCTu
GnU3KOW K CKOpOCTU pyneHus, Ho He Gonee 80
KM/Y, BBIKNIOUUTE PEBEPC TAMM
< BbINONHWUTE AEICTBUA B COOTBETCTEUW C N,
3214,
3.2.1.3. Omkas dsu2amens Ha pasbeze (V>V))
Baner npoponxkaire, ansa yero:
< yAepxuBaiTe caMoneT OT passopota u
KPEHEHUA OTKNOHEeHUemM nepanei PH, snepoHos
¢ BbINONHWTE NOAbEM nepeaHeid  onopbi

waccu Ha ckopoctu 175...225 kM. > 180

“ cospawte yron araku 7..8° no YA (yron
Tanraxa 2...3°%)

o nocne oTpkiBa camonera co3fjanute KpeH Ao
3° B cropoHy paborawuwero Aasuratens, He
AONYCKAs  CKONbXEHUA  (Wapuk  ykasaTtens
CKONbXEHUA AONKEH BbiTb OTKIIOHEH B CTOPOHY
KpeHa Ha 1/4 puameTpa)

%  nepesejute camoner B Habop BLICOTHI C
OAHOBPEMEHHBIM  PasroHOM A0 CKOPOCTM
205...245 km/q

% Ha Bbicote 10 M ybBepure waccu u

npoaonxante  Habop  BLICOTBI,  COXpaHas
ckopocTtk 205...245 km/M 0= 7-8°
% KOHTpOnupy#te %] AoKnaabisainTe

W3MEHEHWE CKOPOCTH K BbICOTBI

< ponoxure aucnetyepy YBJ

%  Ha Bbicote 400 M yBENUULTE CKOPOCTb A0
250..235 kMM, yBepute  3akpbinkM  C
O/HOBPEMEHHbLIM YBESTUHEHUEM CKOPOCTU K KOHLY
ybopku 3akpbinkoB ago  285..310 kMM un
nepesogomM  paborawulero  Asuratens  Ha
HOMUHANbHLIA PEXUM:

% B npouecce ybopku He ponyckaiTe novepu
BbICOTbI.

< Ycunua ka wrypsane CHUMaTe TPUMMEPOM
PB

NPUMEYAHUE:

Y6opka 3aKpbIinkos Bbl3blBAET
nepeBanancupoBky no nepansm PH, ceazaHHyw
C  U3MEHEHWEM NepenaToOMHOro  OTHOWEHUs
nepsoro 3seHa PH, uto Tpebyer yeenudeHus
OTKMOHEHWA  nepanu  AnNA  BanaHCUpoBKU
camoneta no 4/5 xopa
% BbINOMHUTE AEACTBUA B COOTBETCTBUM C N.
3.2.1.1
< NOneT no Kpyry npovasoaute Ha cxopocm
300...320 km/M
< pa3BopoTbl BLINOMHAWTE C KPEHOM He
Gonbwe 15°
% NpUMUTE  pelweHWe O nocagke Ha
asposipome Bbineta unu Bnuxaiwem sanacHom
aspoapome
% Npou3BeauTEe NOCaaKy B COOTBETCTBUM C
pekoMeraauusmmu noapasa. 4.23 PN3

3.2.1.4. Omka3 dsuzamens Ha enuccade

[pu oTkaze:
< otknouute CAY kHonkoi OTKN Al Ha
wrypsane
< yAepxuBaiTe camoneTr OT KpeHeHua u
paseopoTa

<  ponoxure aucnetvepy YB[
<. COXpaHsiiTe CKOpPOCTL NpeanocajovHoOro
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[Official Letterhead]: “Antonov Company”

1 AkademikaTupoleva Str., Kyiv,03062 Ukraine
Fax: 38(044) 400-81-44. Phone: 38(044) 454-31-49 Phone: 38(044) 454-32-33 E-mail: info@antonov.com

05.12.2017 724/11858-17
State Enterprise “Antonov”

To: Director of the National Bureau
of Air Accidents and Incidents Investigation
with Civil Aircraft

Phone/fax: (044) 351-43-23
e-mail: info@nbaai.gov.ua

Dear

[ take this opportunity to express my respect to you and the staff of the
National Bureau of Investigation of Air Accidents and Incidents with Civil
Aircraft and inform you of the following.

In reply to your letter Nel-1.9/605 dated 17.11.2017, and in addition to the
letter of the ANTONOV State Enterprise #724/10470-17 dated 01.11.2017, I
inform you that the specialists of the ANTONOV State Enterprise familiarized
themselves with the materials provided regarding the accident of An-74TK-100
aircraft, reg. UR-CKC, at the Sao Tome Airport.

Concerning delivery of the conclusion of reliability ofthe instrument speed
indications of the aircraft and other parametric information indications registered
in ZBN-1-3 ser.3 of An-74TK-100, reg. UR-CKC, I inform you that the
mathematical calculation of speed of An-74TK-100, reg. UR-CKC, on the
runway indicates that the actual aircraft speed on the runway was approximately
by 10 km/h lower than that recorded by the aircrafton-board recorder.
Probably,this is caused by the incorrectlycalibrated characteristic of the
instrument speed sensor. At the same time, some of parameters of systems were
not registered at allat the flight data recorder. All this testifies to improper
performance by the airline of the requirements of "Regulations on Flight
Management System inAir Transport” No0.895 of November 25, 2005
(paragraphs 7.3.9, 7.3.10.) ANTONOV State Enterprise has not developed the
design and operational documentation regarding the replacement of ZBN-1-2
equipment with ZBN-1-3 ser.3equipment for An-74TK-100 aircraft, besides,
ANTONOV State Enterprise has not participated in modification of the above-
mentioned aircraft with this equipment,nor carried out the required tests in this
case, which would exclude the above inconsistencies.

018505 LV
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As assistance to the National Bureau on Air Accident and Incident
Investigation with Civil Aircraft in investigation of the crash of An-74TK-100
aircraft, reg. UR-CRC, at Sao Tome Airport, I inform you that, according to the
paragraph 2.3.1. ("Responsibility of AircraftPilot in Command")of Appendix 2
("Flights Rules") to the Convention onlnternational Civil Aviation, an aircraft
PIC, regardless of whether he is flying the aircraft or not, shall bear the
responsibility for flying the aircraft in accordance with the flight rules, except for
those occurrences, where he can deviate from these rules, under the
circumstances requiring thisas absolutely necessary for safety. In this case, at the
time of take-off run on the runway, the airplane was stricken by a flock of birds,
which unexpectedly appeared on the take-off course. Multiple hits of birds at the
airplane led to failure of one of the engines and created danger of failure of the
other engine at the initial stage of climb. This situation is not stipulated by the
airworthiness standards, and actions of the pilot in this case are not regulated by
the Flight Crew Operation Manual.

The pilot in command of the aircraft deliberately decided to abort the take-
off at the speed exceeding the takeoff decision speed V, which was followed by
the runway overrun, since an aircraft overrunduring the take-off is obviously less
dangerous than an aircraft impact at failure of two engines at the initial stage of
the climb. Thus, the pilot's actions were motivated by a state of emergency and
aimed at minimizing the consequences of theoccurrence.

The simulation of An-74TK-100, reg. UR-CKC, take-off at the Sao Tome
Airport with a mathematical model,which is based on the certification flight
testresults, has made it possible to determine that, at the pilot’s actions according
to the provided recordsof BUR-3-1 ofAn-74TK-100 aircraft, UR-CKC, the
aircraft would roll out of the runway (see the figure enclosed to the letter.)

In case of need to perform an aborted takeoff at the takeoff decision speed,
the crew should have performed all the required braking actions specified in the
Flight Crew Operation Manual. The crew carried out the take-off in the rated
operational mode of engines (the "rated" operational mode of engines is specified
in the report of SE "Ivchenko-Progress"), the takeoff decision speed exceeded the
speed specified in the Flight Crew Operation Manual, the crew did not use the
interceptors for braking.

Enclosure:  The abovementioned graphic charton 1 sheet.
Regards,

First Vice-President /signed/

From the desk of Polubenskyi V.L. ph: 454-33-00
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Appendix 8:

[Official Letterhead]:
IVCHENKO PROGRESS

UKRAINE, 69068, Zaporozhye, Ivanova, 2. Ph.: +380 (612) 650327, 654625 Fax: +380 (612) 654697.128922,
7690137 E-mail: progress@ivchenko-progress.com

Our Ref.#: 7819/KNIK of 14.11.2017

Towhom:___ ., .
Enterprise: Cavok Air LLC, Kiev

Fax: e-mail:

Fromthe desk of : i Ph.: +

Total quantity of pages: _2

Dear Sergey V.,

According to the analysis of parametric recorders of engines
N0.708036312A006 and No. 708036412005 regarding the accident of An-
74TK-100 UR-CKC aircraft at Sao Tome Airport on 29.07.2017, we send
you the data on thrust and operation modes of the specified engines for the
points requested by you. The engine parameters and operational modes are
set out in the table:

Atmospheric conditions: Atmospheric Pressure at the aerodrome (QNH) =
1016 hPa.Surface Temperature = 25 degrees C. Ms = 0.2 (Points 2; 3; 4)

Flight . Operation NTan, I Njow.pr, | Nhigh.pr,
Engine Mod o o R, kgs
Point No. Time Moment ode % 0 0
. Breakaway at take-off right 0.7 nominal | 63.3 72.5 85.1 - 2440 *
run left 0.7 nominal | 65.6 73.1 85.8 - 2440 *
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Nominal
right 72.6 72.5 88.5 - 3700 *
2 9:04:43 UTC Nominal
left 75.0 78.6 89.4 - 3700 *
> Nominal
Before bird right 75.0 78.7 89.7 - 3900 *
3 penetration into the
left engine left . 76.9 79.4 90.4 - 3900 *
> Nominal
After return of right > Nominal 74.9 79.1 90.2 - 3900 *
4
reverse RPM left ~ Mer 69.4 76.1 88.3 - 3360

* jdeal thrust.

The ideal thrust was calculated according to the altitude-speed performances
of D-36 engine of series 1A, 3A and does not take into account:

- losses at air bleed for aircraft needs, anti-icing system and loading of
aircraft accessories;

- losses connected with the external flow of the engine nacelle, engine air
intake and jet deviation from the axial direction;

- losses connected with the thrust reverse setting.

SE "Antonov" can provide corrections on the indicated losses.

Yours faithfully,

Designer General (signed)
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