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Aircraft Accident Report No.:

Registered Owner and Operator

Aircraft Type and Model:

Manufacturer:

Year of Manufacture:

Nationality and  Registration Marks :

Serial No .:

Location:

Date and Time:

SYNOPSIS

BHNL/2016/02/03/F

Bristow Helicopters (Nigeria)

Limited
Sikorsky S76C++

Sikorsky Aircraft Corporation,
USA

2007
5N-BQJ
76065

77 NM offshore from Murtala
Muhammed Airport on Radial
139°

39 February, 2016 at about

10:25 h

(All times in this report are
local time, equivalent to
UTC+1  unless  otherwise
stated)

On the 3" of February, 2016, Accident Investigation Bureau was notified of the

accident by the Nigerian Civil Aviation Authority through a phone call and

investigation commenced same day. All relevant stakeholders were notified.

1
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A Sikorsky S76 C++ helicopter with nationality and registration marks 5N-BQJ, a
domestic charter flight operated by Bristow Helicopters Nigeria Ltd departed
Murtala Muhammed Airport Lagos (DNMM) with 11 passengers and 2 crew for
Erha Floating Production Storage Off loading (FPSO) helideck. The Captain was
the Pilot Flying (PF) while the First Officer was Pilot Monitoring (PM) on this leg
of the flight.

The take-off and climb-out was normal. A few minutes into the flight, the Captain
observed an unusual vibration of the aircraft and made a remark about this to
the First Officer. About fifteen minutes later, the crew also reported that the

Digital Auto Flight Control system (DAFCS) and TRIM FAIL lights illuminated
twice and were reset. The No.1 autopilot decoupled on both occasions. Also,
according to the PM, a passenger seated in the middle row reported perceiving a
burning smell. However, the aircraft continued to destination and landed. On
ground Erha, the Captain conducted visual checks but could not ascertain the

source of the burning smell earlier reported.

Instrument Meteorological Conditions prevailed at the time and Instrument Flight

Rules (IFR) flight plan was filed.

At 09:50 h, 5N-BQJ departed Erha FPSOfor Lagos on the second leg of the flight
with nine passengers and two crew on board, the First Officer was the PF;
estimating LAG 1040 h and endurance of one hour plus thirty -five minutes

maintaining an altitude of 3,000 ft above mean sea level (AMSL).

Fifteen minutes into the flight, there we

and Digital Automatic Flight Control System (DAFCS) indications. The Emergency
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Operating Procedure (EOP) was consulted and it recommended that the

helicopter be flown hands and feet on the control.

At 10:08 h, about 75 NM from LAG, initial contact was made with Lagos
Approach. The Pilot Flying (PF) complained of the collective being heavy and the
autopilot decoupling. There was loss of power, high rate of descent and

decreasing altitude.

The Captain observed a slight turn to the right and asked the PF to check

heading and the PF reported that there was problem with the compass.

The instrument readings were inaccurate and inconsistent, and the aircraft

started drifting to the right.

At about 66 NM on radial 145°f r om L AG, the Captain made
DAY, MAY DAY, MAY DAYO on the Approach fr
stabilized at an altitude of 1,500 ft AMSL on a NEE heading and the Captain

briefed the passengers that they would have to ditch the aircratft.

At about 10:19 h, 5N-BQJ made a controlled landing on water at approximately
77 NMon radial 139°0 f 6 L A @oowldded of the position was 05°454 3 0 N,
004°13%5 4 a0 E

The investigation identified the following causal and contributory factors:
Causal Factor

The crew switched the Compass to hélileBkEEO DC
at Erha FPSQ a n d di d not return t o t hoff whic L AV E 0O
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caused the trim fail to cut off consistently which in turn disengaged the autopilot

as a result of the unsynchronised heading inputs.

Contributory Factors

1) Non-adherence to Company Operations Manud (Part B checklist) as it
relates to after take -off checks.

2) The crew did not disengage the autopilot to fly the aircraft manually.

Four Safety Recommendations were made.



Aircraft Accident Report (E‘!
BHNLL016/02/03/F Asyf

5N-BQJ

1.0 FACTUAL INFORMATION
1.1 History of the Flight

On the 3" of February 2016, a Sikorsky S76C++ helicopter with nationality and
registration marks 5N-BQJ belonging to Bristow Helicopters (Nigeria) Ltd.
departed Murtala Muhammed International Airport Lagos (DNMM) for Erha
(FPSO)with 11 passengers and two crew. The Captain was the Pilot Flying (PF)
while the First Officer was the Pilot Monitoring (PM) on this leg of the flight.

The take-off and climb-out was normal but a few minutes into the flight, the
Captain observed an unusual vibration of the aircraft and made a remark about
this to the First Officer. About fifteen minutes later, the crew also reported that
the Digital Auto Flight Control system (DAFCS) and TRIM FAILlights illuminated

twice and were reset. The No.1 autopilot decoupled on both occasions.

According to the CVR transcript, on approach to land in Erha, the Captain
executed a go-around and came back for a second approach and landed On
ground, the Captain remarked to the First Officer, fAfter a month Oomo?, | need
OPC. 0o

Also, according to the PM, a passenger seated in the middle row reported
perceiving a burning smell. However, the aircraft continued to destination and
landed. On landing at Erha, the Captain conducted visual checks but could not

ascertain the source of the burning smell earlier reported.

10omo - Local slang for exclamation

20PC- Operator Proficiency Check
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At 09:50 h, 5N-BQJ departed Erha for Lagos on the second leg of the flight with
nine passengers and two crew on board, estimating LAG 1040 h and endurance
of one hour plus thirty -five minutes maintaining an altitude of 3,000 ft above
mean sea level (AMSL). According to the Captain, fifteen minutes into the flight,
there were repeated i1l |l uminations of
Control Sygem (DAFCS). The Emergency Operating Procedure (EOP) was
consulted and it recommended flying the helicopter hands and feet on the

controls.

At 10:08 h, about 75 NM from LAG, initial contact was made with Lagos
Approach. The Pilot Flying (PF) complained of the collective being heavy and
auto-pilot decoupling. These resulted in loss of power, high rate of descent and
decreasing altitude. Furthermore, the Captain observed a slight turn to the right

and asked the PF to check heading and the PF reported that there was problem

with the compass.

At about 66 NM on radial 145° from LAG, the crew again complained of high rate

of descent and instruments readings being inconsistent and inaccurate. As a

0TRI

result, t he Captain made a distress call A MAY

Approach frequency. Afterwards, the aircraft stabilized at an altitude of 1 ,500 ft
AMSL on a NEE heading. The Captain then briefed the passengers on the status

of the aircraft and her intention if need be for ditching. The Co -pilot informed the

Captain about the inaccuracy of the compass andsaid,ih ol di slgvelwi ngs

funnyo. Thereafter, the captain declared

Captain also noticed that the Cyclic control was not responding to lateral

movement.
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At about 10:19 h, 5N-BQJ made a controlled landing on water (ditching). The
Co-pilot stated as follows: fiThe life-raft on the left was not fully deployed. This
led to most passengers and crew utilizing the life raft on the right side. This
initiated a tilt of the helicopter and eventually led to overturning on its belly after

all passengersand crew had exited.0 The occupants were then rescued by a boat

in the vicinity of the accident.

5N-BQJ ditched at an approximately 77 NM on radial 139° o f
Coordinates of the position was 05°45% 3 0, 00M°135 4 0 E.

OLAG

The accident occurred in daylight and Visual Meteorological Conditions prevailed.

1.2 Injuries to Persons

Injuries Crew Passengers Total in the aircraft Others
Fatal Nil Nil Nil Nil
Serious Nil Nil Nil Nil
Minor Nil Nil Nil Nil
None 2 9 11 Nil
Total 2 9 11 Nil

1.3 Damage to Aircraft

The aircraft was substantially damaged.

1.4 Other Damage

Nil.

VORG
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1.5 Personnel Information
15.1 Captain
Nationality: Nigerian
Age: 35 years
Gender. Female
Licence Type: ATPL(H)
Licence Validity:. 26" January 2019
Aircraft Ratings: S76C+, S76C++, AS332L2

Instrument Rating Validity: 3 December, 2016
Medical Validity: 4% July, 2016
Licence Proficiency Check: 3" June, 2016

Operator Proficiency Check: 3™ June, 2016

Annual Line Check: August 2016
Total flying time: 3,174 h

On type: 2,497.45 h
On type (PIC): 199 h

Last 90 Days 59.45 h

Last 28 Days: Nil

Last 24 hours: Nil

The Captaind 5AA Commercial Pilot License with ratings on RotorcraftHelicopter
and Instrument Helicopter was issued on the 29" of December, 2008 and
converted on the 1%t of September, 2009. The Ca p t aFAA Airdine Transport
Pilot Certificate was issued on the 16" of September 2013 and converted to the

Nigerian ATPL on 3rd of April 2014.
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From her training records, her first operator proficiency training was on 16 ™

December, 2012 but there was no detail of procedures carried out.

On 15" April, 2013 operator proficiency check was done and Autopilot/Flight

Director malfunction emergency procedures were carried out.

On 28" of March, 2014 operator proficiency check; Autopilot/Flight Director

malfunction emergency procedure was carried out.

On 3rd October, 2014 operator proficiency check; Autopilot/Flight Director

Malfunction emergency procedure was not carried out.

On 8" December, 2014 operator proficiency check; Autopilot/Flight Director

Malfunction emergency procedure was carried out.

On 239 August, 2015 operator proficiency check; Autopilot/Flight Director

Malfunction emergency procedure was carried out.

On 4" December, 2015 operator proficiency check; Autopilot/Flight Director

Malfunction emergency procedure was not carried out.

On 22" June, 2016 (after the accident) operator proficiency check;

Autopilot/Flight Director Malfunction emergency procedure was carried out.

On 2" November, 2016 (after the accident), operator proficiency check;

Autopilot/Flight Director malfunction emergency procedure was carried out.

On 14th January, 2017 operator proficiency check; Autopilot/Flight Director

Malfunction emergency procedure was carried out.
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On 8" August, 2017 operator proficiency check; Autopilot/Flight Director

Malfunction emergency procedure was carried out.

From the company records, operator proficiency check (Autopilot/Flight Director
malfunction procedure) was carried out once in 2013, twice in 2014 and none in
2015. After the accident, operator proficiency check (Autopilot/Flight Director

malfunction procedure) was carried out twice in 2016 and 2017 respectively.

152 The First Officer
Nationality: Nigerian
Age: 31 years
Gender. Male
License Type: ATPL(H)

License Validity:
Medical Validity:

License Proficiency Check:

Operator Proficiency Check:

Annual Line Check:
Aircraft Ratings:
Instrument Rating Validity:

Total flying time:

16" December, 2018
5" November, 2016
17™ July, 2016

17™ July, 2016

May 2016

S76C+, S76C++
17" January, 2017
1,088 h

On type: 852 h
Last 90 Days 68:56 h
Last 28 Days 13:25 h
Last 24 hours: 2:35h

10
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The First Officerd6 $£AA Commercial Pilot License with ratings on Rotorcraft
Helicopter and Instrument Helicopter was issued on the 11" of April, 2013 and
was converted to Nigerian Commercial Pilot License on the 18™ of December,
2013.

His first operator proficiency check was on the 26" of January, 2014. Among the
exercises carried out was Emergency/Abnormal Procedures (Autopilot/Flight
Director Malfunction). From the training records, these exercises were supposed

to be carried out every 36 months.

The next operator proficiency check was on 13" July, 2014 and the

Autopilot/Flight Director Malfunction emergency procedure was not carried out.

On 16th January, 2015 operator proficiency check was carried out and

Autopilot/Flight Director Malfunction emergency procedure was included.

On 19" July, 2015 operator proficiency check was done and Autopilot/Flight

Director Malfunction emergency procedure was carried out.

On 18" January, 2016 operator proficiency check was done and Autopilot/Flight

Director Malfunction emergency procedure was not carried out.

From the company records, the operator proficiency check (Autopilot/Flight
Director Malfunction procedure) was carried out twice in 2014 and 2015

respectively and once in 2016.

11
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1.6 Aircraft Information

The Skorsky S76 C++ is a medium -size helicopter manufactured by the Sikorsky
Aircraft Corporation, USA It is fitted with twin turbo shaft engines, retractable
landing gear, and four bladed main and tail rotors . This aircraft has a capacity of
carrying 12 passengers and two crew. It has a Maximum take-off weight
(MTOW) of 5,307 Kg (11,699.93 Ib).

The aircraft is equipped with the following Avionic equipment. Combine
CVR/FDR, AutoHight Control System, Weather (WX) Avoidance Radar, 4 Tube
Electronic Flight Information System (EFIS), Passenger briefing System, Sky
Tracker System (with phone), Enhanced Ground Proximity Warning System
(EGPWS),406 MHz Emergency Locator Transmitter (ELT), Moving Map, Audio
Control Panel with ICS (Intercommunication system) and TCAS (Traffic Collision

and Avoidance System).

16.1 General Information
Type: S76C++
Manufacturer: Sikorsky Aircraft Corporation,
USA
Date of Manufacture: March, 2007
Serial No.: 760656
Registered Owner/Operator: Bristow Helicopters (Nigeria) Ltd.
Registration Number: 5N-BQJ

Certificate of Airworthiness Validity: 24" April, 2016
Certificate of Insurance Validity: 1%t April, 2016

12
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Certificate of Registration: 11% April, 2013
Noise Certificate: Issued on 23" April, 2013
Total Airframe time: 6,867 h (As at 02/02/2016)
Total Hours since new: 6,867 h
CyclesSince New (CSN) 12,560
Category: Transport

1.6.2 The Aircraft Electrical Power System

Electrical Power
The electrical system consists of both AC and DC power systems.
DC Power

The DC power system provides electrical power from the battery, the generators,
or an external power unit. A 24-volt battery provides engine starting and backup
power.

Two engines mounted with a 28-volt DC starter-generator furnish generator
power. Either generator is capable of supplying DC power to all essential and
primary buses.

An external power unit supplies external power for starting and system operation
through a receptacle on the right aft fuselage.

DC power is distributed through seven DC buses. The master switch panel and
circuit-breaker panel are located in the cockpit control and provide circuit
protection for the DC electrical power. Caution lights on the WCA monitor the DC

system operation.

13
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AC Power

The main AC generator is a 10-kVA generator driven by the main rotor at 107%.
The AC generator supplies AC power for the windshield heating system.

The main AC generator is on the right side on back of the main gearbox.

AC power is distributed through a single AC Bus. The master switch panel in the
cockpit provides control protection of the AC electrical power system. Caution

lights on the WCA monitor the AC system operation.

1.6.3 Power plant

The Arriel 2S2 engine is a turbo-shaft engine with a single-stage axial
compressor, a single-stage centrifugal compressor, an annular combustion
chamber, a single stage high-pressure turbine, a single stage power turbine, and
a reduction gearbox with a nominal output at 6 ,400 rpm. The engine is rated 923
shp (688 kW) at takeoff power and 833 shp (629 kW) at maximum continuous
power. The ignition system includes one high-energy generator, two injectors,

and two igniters.

No. 1

Engine Type Arriel
Manufacturer: Turbomeca
Model: Arriel 252
Serial No.: 42066

Date of Manufacture: October, 2006
Total Time Since New: 5,950:43 h

14
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Total Time Since Overhaul: N/A

Cycles N/A

No. 2

Engine Type: Arriel
Manufacturer: Turbomeca
Model: Arriel 252

Serial No.: 42024

Date of Manufacture: December, 2015
Total Time since New: 6,305:19 h

Total Time since Overhaul: N/A

Cycles: N/A

Type of fuel used is Jet Al.

164 Engine Control Unit (ECU)

The ECU (Engine Control Unit) is a dual module computer that performs fuel
regulation and engine parameters management. On both modules, failure blocks,
and according to the failures some parameters, are stored in a non-volatile

memory component for maintenance purposes.

1.6.5 The Main Rotor (MR) and Tail Rotor (TR) Systems

The S76 C++ main rotor systems provide the aerodynamic forces that enable the

aircraft to fly. The system includes the drive shaft which is attached to the main

15
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transmission gearbox and main rotor head, and four main rotor blades installed
on the hub. Three actuators (forward, aft and lateral) control the movement of

the swash plate, which changes the pitch angle of the blades.

The tail rotor system is used to control torque (that is the tendency of an aircraft
with a single main rotor system to turn in the opposite direction of the main rotor
rotation). The tail rotor system includes a drive shaft, an intermediate gear box,
a tail rotor gear box and four tail rotor blades. The tail rotor drive shaft is

attached to the main transmission gearbox.

1.6.6 Flight Control Systems

16.6.1 Cyclic, Coll ective and Tail Rotor Control Systems

The aircraft was equipped with cyclic, collective and tail rotor pedal control.
Moving the cyclic forward or aft results in the helicopter pitching up or down,
moving the cyclic left or right results in the helicopter to roll in the direction
commanded. Raising or lowering the collective causes simultaneous increase or
decrease, respectively, in the lift produced by the main rotor blades. Moving the
tail rotor pedals positions the tail rotor blades t o cause the helicopter to yaw.
Either of the pilots can control the cyclic, collective, and tail rotor pedal control

system.
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1.6.7 Aircraft Avionics Systems

The aircraft is equipped with an SPZ-7600 integrated flight control system.
System Description
The SPZ7600 Integrated Flight Control System consists of the following subsystems:

1 DFZ760 Digital Automatic Flight Control System (DAFCS)
1 EDZ705 Electronic Flight Instrument System (EFIS)
1 Attitude and Heading Reference System (AHRS)

The SPZ7600 Integrated Flight Control System consists of acombination of subsystems
that provide features especially suited for IFR helicopter operations and search and
rescue (SAR).

The SAR Features can be included at installation or added /ater.

The dual DFZ760 DAFCScombines autopilot and flight director functions for aircraft

Stabilization and automatic flight path control.

For SAR, itsfour-axis control provides automatic approach to hover and automatic climb

capability in addition to typical flight director modes.

Integration with an optional Doppler radar and an optional long-range Navigation (Nav)
system adds fully automatic approaches to pilot designated targets terminating at a

hover with Doppler-based velocity hold.

The dual EDZ705 EFIS accepts inputs from attitude, heading, Navigation, and flight
director sources to provide cathode ray tube (CRT) ADI/ and HSI displays. Nav
information and source switching is also provided to the flight directors by EFIS.

Weather information from the PRIMUS@ 700, 701, or 870 Weather Radar System and
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LSZ850 Lightning Sensor System can be displayed with Nav information on the
Electronic HSI (EHSI).

DFZ-760 Digital Automatic Flight Control System (DAFCS)
The DFZ760 DAFCS consists of the following components.

FZ-706 Digital Flight Control Computer
PG 700 Autopilot Controller

MS- 700 Flight Director Mode Selector
AZ-649 Air Data Sensor

AL-300 Air Data Command Display

= =2 =/ A =2

The DFZ760 DAFCS is a fully coupled, fouraxis (pitch, roll, yaw and Collective) flight

control system designed specifically for helicopters.

In the S-76, it is a dual system configuration for redundancy and fail-operational

performance.

In addition to stabilization and automatic flight path control, basic system features

include the rfollowing:

Auto trim

Heading hold

Radar altitude hold

Velocity hold (accelerometer based)
Automatic turn coordination

Autolevel

= =/ =/ =4 -4 -2

The system also incorporates optional search and rescue (SAR)eatures consisting of:

1 Mark-on-target
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1 7Two-stage automatic approach-to-hover
1 Doppler-based velocity hold

1 Automatic climb

Two identical, interchangeable FZ-706 Digital Flight Control computers perform all
autopilot and flight director functions. These computers are designated No. 1 and No. 2
with respect to their installation location in the aircraft. Either computer can be

designated the master while the other is the slave.

This relationship is established by the selection of the active Flight director using the

PG 700 Autopilot Controller FDSEL button.

At power-up, the system automatically defaults to the No. 2 computer as the MASTER
The MASTER/SLAV&elationship is used for a number of software functions necessary
for the two computers to work in harmony. When both computers are supplied with 28

volts dc, a serial input/output (SI0O) data bu s provides communication between them.

To provide aircraft stabilization, aircraft attitude information is provided to each FZ -706
Digital Flight Control Computer by independent vertical gyros. Yaw rate information IS
supplied to each computer by rate gyros, while pitch and roll rates are computed.
Lateral, vertical and longitudinal accelerometers provide each computer with

acceleration for the respective axis.

To achieve consistent handl i ngopegtioaal airspéed s t hr ¢
and altitude envelope, pitot and static pressure are sensed for each computer by a

dedicated AZ-649 Air Data Sensor.

The sensor also supplies the references used for air data flight director modes. An
encoding altimeter provides barometrically corrected altitu de for the altitude preselect

and altitude alert functions.
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The VOR receiver and optional long-range navigation systems provide required signals
for typical flight director Nav tracking functions. The optional Doppler radar system
interface provides lateral and longitudinal groundspeed information for the velocity hold

and SARmodes.

Absolute altitude above the surface is provided to both computers by a radar altimeter.
Radar altitude is used for the RADALT hold function and for gain programming of

certain flight director approach modes.

For SAR operations, dual radar altimeters are required. Each computer accepts certain
engine data to prevent the collective axis from exceeding programmed limits when

coupled.

The two computers compare their respective engine torques, engine Temperatures
(T5), and gas generator speeds (N1) via the SIO data bus. Collective limiting is based

on the highest parameter perceived by either computer.

The PG 700 Autopilot Controller is used to control auto pilot engagement, Stabilization
Augmentation System (SAS)AIl mode selection, and active flight director selection. It
also controls engagement of autopilot pre-flight test, RADALT hdd and velocity hold.
During flight director operation it can also control decoupling/coupling of flight director

commands to the autopilot and disengagement of the collective axis.

Two MS-700 Flight Director Mode Selectors are installed. Each is usedto engage or
disengage modes of its respective Flight Director. Both mode selectors may be used

simultaneously but only the active Flight Director will be coupled to the autopilots.

The AL-300 Air Data Command Display is used for setting altitude references and
displaying airspeed or vertical speed references used by the flight director. It is also
used to display diagnostic error codes from the system during self-tests or the pilot -

initiated pre-flight test.
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Flight control outputs from the computers are accomplished by electromechanical linear
actuators. A total of six actu ators are used. Each computer drives one actuator in the
pitch, roll and yaw axes. Each actuator has a stroke length of +/ -8.0mm (0.315 inches)
and is installed in the cyclic and pedal control linkages. The stroke length gives each
actuator +/ -5 percent authority from its centred position. With both systems operating,
a total authority of +/ - 10 percent is achieved. The position of each actuator may be

checked by referring to the AFCSindicator panel located in the pedestal.

Cyclic stick magnetic brake, artficial feel and auto-trim functions are performed by
rotary trim actuators with full authority in the pitch and roll axes. A similar actuator is
also installed in the collective axis and is driven by the active flight director when

collective modes are engaged. Pilot movement of the cyclic or collective against its
artificial feel spring opens a detent switch in the trim actuator. The opening of a detent
switch will inhibit the actuator from running in the appropriate axis. Releasing the

spring force closes the detent switch, restoring the trim motor operation.

The yaw axis uses an electro-hydraulic pedal damper/trim actuator with full authority.
When both autopilots are off, the unit functions as a pedal damper only to resist sudden
pedal inputs. With either autopilot engaged, the trim actuator function is active and the
unit will be driven by auto-trim commands. A force switch on the unit operates similarly
to the detent switch previously described. In this case, pilot movement of the pedals
against fluid pressure in the actuator opens the force switch, thereby disabling the

actuator. Releasing the pedals closesthe switch, re-enabling the actuator.
EDZ-705 Electronic Flight Instrument System (EFIS)
The EDZ705 EFIS consists of the following components:

1 SG 705 Symbol Generator
1 ED-600 Electronic Displays
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1 AY403 Inclinometer
1 DCG811 Display Controller
1 RI-206S Instrument Remote Controller

The EDZ705 EFIS is a Cathode Ray Tube (CRT) display of flight information which
replaces electromechanical Atftude Director Indicators (ADIs) and Horizontal Situation
Indicators (HSIs).

The major advantages of this system are its extreme versatility, built -in redundancy and
reliability. The pilot /s afforded a higher degree of control over what information Is
displayed in addition to how it is displayed. The composite and reversionary modes
allow continuance of a mission with a minimum of upset to normal cockpit and crew
procedures. Elimination of devices such as meters, mechanical counters, and gearing
provides improved reliability with fewer unscheduled removals and a much higher

mean-time-between failures (MTBF).

The dual EDZ705 EFIS consists of a pilot and co-pilot system, each of which includes a
Symbol Generator (SG), a Display Controller (DC), andtwo Electronic Displays (EDS).
Various versions of Instrument Remote Controllers (IRCS) are available which interface
to the systems jointly or independently. The components of each system are identical

and interchangeable.

The SG 705 Symbol Generators transfam all incoming data into a video format which is
then transmitted to the electronic displays. The SGs provide calculated VOR deviation
and other navigation information to the flight director. The SGs also perform Nav source
switching to the flight directo rs, eliminating the need for external Nav switching relays
and associated wiring. Communication between the symbol generators is via an
Avionics Standard Communications Bus (ASCB This bus allows information to be

exchanged between the SGs andprovides interconnect flexibility to various sensors.
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The ED-600 Electronic Displays contain a full-color, high-resolution CRT, along with the
necessary electronics to convert the video format from the symbol generator into a
picture. Phototransistors located left and right of the tube automatically increase

brightness as required during daylight operations.

The EADI and EHSI presentations are similar to electromechanicalinstruments except
that when various information /s unnecessary it is removed from the display. This
provides the pilot with a less cluttered presentation allowing faster interpretation. An

AY-403 Inclinometer is fastened to the EADI to provide slip and skid information.

In addition to conventional flight information, the system can also display weather radar
and lightning sensor presentations over a variety of map formats, including search
patterns. A hover display of lateral and longitudinal velocity is also provided if equipped

with optional Doppler Radar.

The DG81 1 Display Controller is used to select modes of operation, sources, and data

to be displayed from the symbol generators to the electronic displays.

The RI-206S Instrument Remote Controller (IRC) is used to select course and heading

on the EHSI.
Attitude and Heading Reference System (AHRS)

The attitude and heading reference system (AHRS) provides accurate attitude and
heading information to the electronic flight instrument system (EFIS). The AHRS
provides attitude information to the electronic att itude direction indicators (EADIs) from
the three rate gyros contained within each attitude and heading reference unit (AHRU).
Headling information is provided to the electronic horizontal situation indicators (EHSIs)

either by being s | aved t o tagmetic etdrwvhdn @peratimy in the SLAVED
mode, or referenced to a stabilized magnetic gyro compass heading when operating in

the FREE mode. The AHRS consists of: No. 1 and No. 2 AHRU, locatedn the nose
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compartment, a MSU CalProm, located on each AHRU,a compass control panel, located
in the lower console; and a magnetic sensor unit (flux valve), located in tail section. The
AHRS interfaces with the EFIS, and the dual digital automatic flight control system
(DDAFCS)

Helicopters pitch and roll attitudes ar e vi suall y di spl aypeidl @tnd st h
EADI. The indicator display contains a fixed bar representing the helicopter, a moving

sphere with a distinct white horizon line dividing the two colors, blue above and brown

below, a fixed roll scale with white movable index on the top of the moving sphere, and

a pitch reference scale. The relative position of the fixed bar (helicopter) and the

hori zon [ ine I ndicates the helicopterds atti:c
and roll displacement signals from the level sensors causes the indicator sphere to

move. The amount of pitch is shown on the indicator by the position of the fixed bar

relative to the pitch reference scale on the sphere. The position of the fixed bar, relative

to the sphere horizon line, indicates the direction of pitch. The bar above the horizon

line indicates climb, and the bar below the horizon line indicates dive. The amount of

roll is shown by the position of the roll index on the sphere relative to the roll angle

scale. The right or left movement of the roll index indicates the direction of roll.

If an attitude source failure occurs in one AHRU, an attitude warning discrete signal is
applied through the EFIS symbol generator to the EADI. This signal causes the pitch
scale and roll index to be removed, the sphere to change entirely blue, and a red ATT

annunciator (warning flag) to be displayed in the middle of the sphere.

With the compass control panel SLAVEFREE switches set to SLAVE, the gyro Is slaved
to the magamtehdos fFfield to provide accurate hea:
co-p i | BHSbisdicators. The compass synchronization (SYNC) indicator on the EHSI,
provides a visual indication when the AHRS Is synchronized (electrically and

mechanically aligned). If the SYNC indicator initially reads off-centre, setting the
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MAN/SYN +/v switches on the compass control panel in the direction indicated will

centre the SYNC indicator, indicating AHRS synchronization.

The magnetic sensor unit senses the direction of t he eart hds magnet/
produces a heading signal that is applied to the stabilized magnetic compass gyro inside

each AHRU. This gyro is linked to a heading synchro, and the resultant rotation with

respect to the gyro case creates a heading and slaving differential (reference heading)

signal . Thi s signal | sopap @ERI&symboltgeneratdiseTh@ i | ot 6
generators apply the heading and s/ eowinptdisff
EHSIs to reposition the compass cards to the correct magnetic heading. Deviation that

may be caused by unwanted magnetic fields is compensated for by the MSU CalProm.

When the position of the EHS/ compass card |
magnetic heading, the slew synchro applies a slaving error signal to each AHRU. Each

AHRU then provides a new slaving signal in response fo the compass card
displacement. This output signal is then applied to the EHSI +/ - indicator to indicate the

amount of AHRS misalignment (nor-synchronization).

With the control panel SLAVEFREE switches placed to FREE, the AHRS slaving circuits

are deenergized. Free drift of the stabilized magnetic compass gyro outer gimbal, as a

result of changes in helicopter heading, creates a heading synchro signal as in the

SLAVE mode. The heading synchro signal is then applied to the EFIS symbol
generators. Thi s signal icapitlhB¢86tesaepasition the t he |,
compass cards to the new heading. Since rotation of the earth creates an apparent adrift

in the differential signal from the heading synchro, drift cancellation is done manually

by setting the MAN/SYN +/v switch in the direction required to bring compass card back

to the correct magnetic heading.

If a heading source failure occurs, the heading warning discrete signal is applied

through the EFIS symbol generator to the EHSI. This causes the HDG warning flag to
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be illuminated, the bearing warning flag, bearing pointers, course select pointer, course

deviation pointer, and course scales to be removed.

1.6.8 Weight and balance

The load sheet provided for departure from Erha showed that there were 10
Passengers(PAX) with total body weight of 1,908 Ib and cargo of 109 Ib. The
aircraft had a total payload of 2,289 Ib. The actual weight of the aircraft on take-
off was 2,026 Ib with 9 passengers of total body weight of 1,717 Ib, luggage of
259 |b and cargo of 50 Ib.

The aircraft has a Maximum allowable Take-off Weight (MTOW) of 11,500 Ib.

1.7 Meteorological Information

The weather information for this flight was obtained from Automatic

Telecommunications Information Service (ATIS).

ACTUAL LOS

Time: 0900 UTC
Wwind: VRB 02kt
Visibility: 1400 m
Weather: HAZE

Cloud: Few @ 1100 FT
Temp/Dew Point: 28/25 °C

QNH 1015

TREND: Tempo 1500 M
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1.8 Aids to Navigation

The aircraft is fitted with an attitude and direction system comprising of the
Compass the attitude indicating system, the standby Magnetic Compass, the
Turn and Slip Indicator, the Attitude and Heading Reference System (AHRS) and
the Standby Attitude Indicator (STBY ATT).

1.9 Communications

The helicopter is equipped with an intercommunication system (ICS), a single or
a dual VHF communication system is available for helicopter to ground or
helicopter to other airborne aircraft communication and a passenger audio

advisory system.

There was good communication between the aircraft and ATC The crew briefed
the passengers of the intention to ditch the aircraft and advised that they be

prepared.

1.10 Aerodrome Information

The destination aerodrome for this aircraft was Murtala Muhammed Airport,
Ikeja, Lagos (DNMM). It has two parallel runways designated 18R/36L and
18L/36R. Runway 18R/36L has a dimension of 3900 m by 60 m while the
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18L/36R have a dimension of 2,742 m by 45 m. The DNMM has an elevation of
65 ft AMSL.

1.11 Flight Recorders

This aircraft is equipped with a Multi-purpose Flight Recorder (MPFR) and a
Flight Anomalous Event Recorder (FAERITQO) The FAERITO is not an NCAA

requirement.

1.11.1 Multi -purpose Flight Recorder (MPFR)

Part Number: D51615-102
S/N: 001664-003
Manufacturer: Penny and Giles
Data Storage: Solid State Memory
1.11.2 Flight Anomalous Event Recorder Information Technology
Open (FAERITO) Image Recorder -3 Camera
Part Number: 4308-05000-20-101
S/N: 4308-000032
Manufacturer: Physical Optics Corporation
Data Storage: Solid State Memory
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The FAERITO is amulti-functional unit that support s audio, video and flight data
recording. This unit is not a standard requirement on this aircraft by the Nigerian
Civil Aviation Authority (NCAA).

The recorders were recovered from the submerged aircraft the next day and
then shipped in a box filled with fresh water to the UK AAIB on 8" of February,
2016. This was to prevent salt water corrosion as a result of the aircraft
submerging in salt water. The MPFR is a combined Cockpit Voice Recorde(CVR)
and Flight Data Recorder. The UK AAIB has a Crash Damaged Recovery
Equipment (CDRE) to support recovery of data from accident damaged units. It
ensures that the memory board and its contents cannot be altered in anyway.
Once the raw digital data FIS is downloaded from the memory board, a
combination of software developed by Penny and Giles and the UK AAIB converts

the data to audio and flight data in engineering units.

The MPFR was downloaded and analysedbut only four parameters (Pressure

Altitude, Indicated Airspeed, Master Caution and Autopilot Engaged 1 & 2) were

obtained. The CVR audio was transcribeda t the Bureauods | aborat
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Figure 1: FDR Plot showing obtained parameters
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1.12 Woreckage and Impact Information

The aircraft was fairly intact although damaged as a result of being submerged
in salt water. The life rafts were deployed, and the doors were detached from

the aircraft.

Figure 2: The aircraft being transported after recovery from the ocean
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Figure 3: The aircraft being transported after recovery

1.13 Medical and Pathological Information

The crew and passengers were taken to a hospital in Lagos where toxicology
tests were performed on the crew only. The tests were negative for any

substance of abuse.

1.14 Fire

There was no fire outbreak.
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1.15 Survival Aspect

The aircraft flight compartment equipment consists primarily of those items
necessary for the comfort and safety of the Captain and First Officer. The Flight
equipment includes the Captain and First Officer seats, safety belts, shoulder
harnesses, inertia reels, ash receivers and receptacles, certificate holder, data

pouch, nameplate, and first aid kit.

The Passenger compartment equipment also consists primarily of those items
necessary for the comfort and safety of the passengers. Passenger compartment
equipment include: passenger seats with safety belts, ash receivers,

soundproofing, and floor covering.

The accident was survivable as there was liveable volume availablefor the crew
and passengers The aircraft speed on impact with the water was about 20 kt;
hence the aircraft did not disintegrate o n contact with the water surface. If the
aircraft speed on contact with the water surface was high, the aircraft would
have possibly flipped over, disintegrated and there could possibly not have been
any survivor. The crew successfully carried out a controlled landing on water and
the aircraft floats were deployed. All the nine passengers and crew exited the
aircraft without any injury. The occupants were then rescued by a boat in the
vicinity of the accident. There were other aircraft in the vicinity of the crash that
helped to raise 5N-BQJ; Caverton Helicopters and Azman Aircraft. The rescue
operations were initiated by the National Emergency Management Agency. A
speed boat was dispatched from the Sea Trucks Group (STG) Jascon 25 ship, to
rescue crew and passengers Several other boats from CHEVRON, AGIP and

SHELL were involved in therescue effort. Passengers and crew were all taken to
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the ship which subsequently berthed at the Eko Support Quay. They were later
taken to a hospital in Lagos where toxicology tests were performed on the crew

only.

1.16 Test and Rese arch

The two Engine Control Units (ECU) were sent to Bur eawu dOENnquet e

d6Anal yses pour | a SeBEAYinFraace breexamidafion.i at i o n
Work performed:

Both computers were immersed following the accident. They were received in
water and in good condition. They were opened and the main electronic boards

from the module A and B of the two ECUs were extracted.

The following process was applied on the four boards:
1 Board drying at a temperature of 90°C for more than 48 hours,
1 Memory component unsoldering under temperature monitoring ,
1 Memory component cleaning,

1 Memory component electrical characterization and read-out using the BEA

memory reader.
The following binary files were generated:

- 5N-BQJ_ECU 5076 moduleA.bin
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- 5N-BQJ_ECU_5076_moduleB.bin
- 5N-BQJ_ECU_6361_moduleA.bin
- 5N-BQJ_ECU_6361_moduleB.bin

The decoding process was carried out using the BEA dedicated software and the
manufacturer 6s proprietar YAOIBRE Issue B taralt i o n
AA001412 issue B The data were shared with Turbomeca for analysis. The
parameters recorded in the failure contexts were recorded during the sequence

of impact with the water and were analysed carefully in regards with FDR data.

The FDR plot also indicated that the engine was functional up to the point of

impact.
The complete examination result is attached as Appendix 1.

Some components were sent to the National Transportation Safety Board (NTSB)

for various tests. These were the:

1) Air Data Display (ADD) Download.

2) Enhanced Ground Proximity Warning System(EGPW$ Download.

3) Flight Control Computers (1 and 2) Downloads.

4) Health and Usage Management System(HUMS Download.

5) Functional Test/Examination of the Main Rotor Servos (Forward, Aft and
Lateral).

6) Functional Test/Examination of the Tail Rotor Servo Actuator.

7) Functional Test/Examination of the Transducers
(Collective/Roll/Yaw/Pitch).
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These tests/examinations were carried out under the supervision of the NTSB. All
the examinations were inconclusive as a result of salt water corrosion of the se
components. It is noteworthy that t he aircraft had been submerged in salt water

for more than 24 hours before recovery.

Reports of the examinations are attached in Appendix 2.

1.17 Organization al and Management Information

1.17.1 Bristow H elicopters (Nigeria ) Limited (BHNL)

Bristow Helicopters (Nigeria) Ltd., an affiliate of Bristow Group, is a provider of
industrial aviation services offering air transportation to the Nigerian oil and gas
industry and has been in operation for more than 40 years. During the last eight
years, Bristow Helicopters (Nigeria) Ltd. ventured into deep water helicopter
services Bristow Helicopters operations include both the fixed wing and
helicopter; the company conducts all its operations in accordance with the
approved NCAA Air Operators Certificate (AOC). The Operations Manual is
developed primarily to guide operations taking place over and wit hin the territory

of Nigeria.

1.17.1.1 Technical Directive (TD)

Bristow Helicopters (Nigeria) Ltd. issued a Technical Directive number S76-05-
132 which is for S76 aircraft types. The purpose of the TD is to carry out a one-

time Safety Assurance Inspection for the Return to Service of all S76 fleet in
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Nigeria. The effectivity is for all Nigerian Registered S76 Aircrafts. The TD was
issued after the accident.
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Technical Directive

S76C Series | Number: | s76 | -o05- |132

Subject: One Time Safety Assurance Inspection — Return to Service of 5N Registered Aircraft.
Effectivity: | All 5N (Nigerian) registered S76 aircraft.

Description:
The purpose of this TD is to carry out a one-time safety assurance i on for the return to service of
the S76 fleet in Nigeria, pending further information from the in the water landing incident.

Compliance: Before next flight (One off technical positioning fli t to a maintenance
facility, allowable with prior approva

Carry out the following inspections

1. Review airworthiness documentatio
Directives, Airworthij

ing control system to include control rods,
ing pitch, roll and yaw AFCS actuators, trim

Carry out a detailed i ity inspection of the drivetrain to include engines, all gearboxes and
drive shafts. (ref AMM 66 00, 66-20-00, 66-30-00, 66-40-00.

Perform a detailed review of the HUMS system data (minimum of a 60 days / 200 hour period,
whichever is greater) to verify all data captured; identify any exceedances and trends including a
check of corrective actions taken, to assure the appropriate level of monitoring.

Compiled by: Vetted by:
Date: 10 February 2016 TD No.: s76 | -o05- [132
Page 1 of 3 (TD Acknowledgment page - for Americas ONLY)
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