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Flight below minimum altitude
Involving Boeing 777, ZK-OKN

What happened

On 18 November 2017, the flight crew of a Boeing 777-319(ER) aircraft, registered ZK-OKN and
operated by Air New Zealand, was conducting a scheduled passenger service from Auckland,
New Zealand, to Brisbane, Queensland. The flight crew consisted of the aircraft captain, who was
the pilot flying (PF), and the first officer, who was the pilot monitoring (PM).*

The flight crew commenced duty at 0525 Eastern Standard Time,2 and the aircraft departed
Auckland at 0630. As the aircraft approached descent into Brisbane, the flight crew copied the
expected arrival procedures and weather conditions from the ATIS.2 The ATIS, information
‘OSCAR'’ (O), stated that arriving aircraft were to expect an instrument approach to runway 01,4
and that the wind at the threshold of runway 01 was 180° at 5 kt, with a maximum tailwind of 5 kt.
The flight crew programed and briefed for an expected SAVER1P standard arrival procedure with
an RNAV-P (RNP) RWY 01 approach. The PF reported that, in response to the expected tailwind
on final approach and landing, the approach briefing included the importance of ensuring that the
aircraft did not get high during the descent and approach.

Prior to commencing the descent, the aircraft was cleared to conduct a SAVER1A standard arrival
procedure for an ILS approach to runway 01 (Figure 1).The flight crew reprogrammed and re-
briefed the arrival before commencing the descent.

1 Pilot Flying (PF) and Pilot Monitoring (PM): procedurally assigned roles with specifically assigned duties at specific
stages of a flight. The PF does most of the flying, except in defined circumstances; such as planning for descent,
approach and landing. The PM carries out support duties and monitors the PF’s actions and the aircraft’s flight path.

2 Eastern Standard Time (EST): Coordinated Universal Time (UTC) + 10.0 hours.

2 Automatic terminal information service, a continuous and repetitive broadcast that provides current, routine information
to arriving and departing aircraft. That information normally includes current meteorological conditions at the airfield, as
well as expected approach requirements.

4 Runway number: the number represents the magnetic heading of the runway.



Figure 1: An extract of the Jeppesen SAVER1A chart

BRISBANE
MSA BN VOR
113.2 BN 2500" Within 10 NM

——es s

$27 22.0 E153 08.4

AMITY
527 25.7 £E153 30.4

DUNNI SAVER
S27 28.8 E153 23.4 527 31.2
E154 03.6

5000’ & 40007

GLENN LOGAN Direct distance to

$27 345 527 36.0 Brisbane Intl from: N

E153 01.2 GLENN 13 NM s
SN LR NOT TO SCALE

Source: Jeppesen, as provided by Air New Zealand

The aircraft's quick-access recorder (QAR)® provided information on the aircraft’s flight
parameters, autoflight system altitude targets, and autoflight system modes. During the descent,
the aircraft was being controlled by the PF through the use of an autopilot, with flight profile
changes being achieved through selections on the mode control panel (MCP) (see Figure 2).
Under normal procedures, the flight crew were required to verify autoflight system mode changes,
such as those selected on the MCP, had been activated through the required mode being
displayed on the flight mode annunciator (FMA). The FMA, located just above the primary flight
display (see Figure 2), displayed the active flight modes for, from left to right, the autothrottle, roll

and pitch.

5 A QARis an airborne flight data recorder that provides quick and easy access to raw flight data. QARSs provide a limited
scope of flight data. The QAR data did not identify which autopilot was engaged, nor the specific component of VNAV
that was the active mode.
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Figure 2: Flight deck panels identifying the mode control panel with associated controls,
and the primary flight display with the flight mode annunciator expanded.
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The aircraft commenced descent at 0856 with the autopilot selected on and the autoflight system
being selected to the LNAV and VNAV modes.® Approaching DUNNI, at 0919 with a descent
clearance limit of 5,000 ft, air traffic control (ATC) cleared the aircraft to continue the descent to
4,000 ft. In response, the PF set 4,000 on the MCP and the aircraft continued the descent while
tracking towards VETIS. At about 0921:15, a change of controllers commenced at the ATC
workstation. The handover to the new controller was completed at about 0922:30. During this
period the aircraft was approaching VETIS, and the flight crew reported that they were keen for
further descent, being mindful of the desire to ensure that the aircraft did not get high on the
descent.

Shortly after passing VETIS, at 0922:45, and while maintaining 4,000 ft, ATC cleared the aircraft
to descend to 3,000 ft and for the ILS runway 01. The PF selected 3,000 ft in the MCP altitude
window (see Figure 3 at 0922:52) and pressed the altitude selector’ to initiate further descent. The
PF later observed that the altitude selector was probably not properly pressed. As a result, the
expected flight mode change did not occur and the aircraft did not commence the descent as
expected. The QAR data recorded the autoflight pitch remaining in the VNAV mode, however, the

6 The lateral navigation (LNAV) and vertical navigation (VNAV) modes command the autoflight system to follow the flight
management system generated optimum lateral and/or vertical navigation flight path. VNAV is a general descriptor for
three sub-component modes, VNAV PTH, VNAV SPD and VNAV ALT. QAR pitch data only identified that VNAV was
active, not the specific component.

7 With the aircraft in level flight, in VNAV PTH or VNAV ALT pitch modes, and the selected altitude as displayed in the
altitude window being below the current altitude, pushing the inner altitude selector will result in the aeroplane
commencing a descent to the selected altitude.
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flight crew later reported that the VNAV mode changed from VNAV PTH to VNAV ALT. The PF
reported that this pitch mode change was unexpected and unfamiliar. The flight crew operations
manual stated the following with respect to the pitch mode entering VNAV ALT:

When a conflict occurs between the VNAYV profile and the MCP altitude, the airplane levels
and the pitch flight mode annunciation becomes VNAV ALT. The airplane maintains
altitude. To continue the climb or descent, change the MCP altitude and push the altitude
selector or change the pitch mode.

In response, and with the intent of ensuring that the aircraft did not get high on the desired
descent profile, the PF selected the V/S® mode, and then the FLCH® mode, to initiate the descent.
The aircraft commenced descending and at 0923:33 the autoflight system commenced reducing
the rate of descent to capture the cleared altitude of 3,000 ft—indicated by the ALT*° mode
activating. Shortly after, and as the aircraft passed through LOGAN, the autoflight system
transitioned back into the VNAV mode and then the ALT mode.

Figure 3: Flight data for the period 0922.45 (at about VETIS) to 0925.00 (just before
GLENN).
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As the aircraft was turning towards GLENN, and maintaining the cleared altitude of 3,000 ft, the
PF selected 1,000 ft in the MCP and then the FLCH mode with the intent of continuing the descent
further. About 5 seconds later, at 0924:03, the aircraft commenced descent from 3,000 ft. At
0924:14, as the aircraft had passed 2,850 ft, ATC instructed the aircraft to maintain best speed,
and at least 180 kt until 5 NM final. The PM acknowledged the instruction.

8  The vertical speed mode, an autoflight mode that enables the flight crew to command a desired rate of climb or descent
from the autoflight system.

?  Flight level change mode, an autoflight mode that enables the flight crew to command an immediate climb or descent to
the target altitude as selected in the altitude window, without reference to any flight management system altitude or
speed constraints.

10 The altitude hold mode (ALT) is activated by either pushing the MCP altitude HOLD switch, or capturing the selected
altitude from a V/S, FPA, or FLCH climb or descent.



At 0924:35 the PF raised the MCP target altitude to 2,000 ft and changed the flight mode to V/S.
At 0924:50, ATC alerted the aircraft that it was cleared to 3,000 ft and that it was descending
through 2,200 ft, which was acknowledged. The aircraft levelled at about 2,000 ft and maintained
that altitude until it intercepted the glideslope for the ILS. The aircraft landed at 0929 without
further incident.

Pilot comments

The PF later reported that, as a result of not properly pressing the altitude select push button to
commence the descent from 4,000 ft, the workload experienced increased significantly. This
resulted in what the PF described as a loss of situational awareness. After being alerted by ATC
that the aircraft was below the cleared altitude of 3,000 ft, and at that time having the runway in
sight and being able to maintain visual conditions until landing, the PF decided to maintain 2,000 ft
until the aircraft re-joined the approach profile to reduce the workload.

The PM reported that the PF’s actions in descending below the cleared level were not challenged,
as this was the first time that the PM had flown this approach.

Operator’'s comments

The crew underwent a training session in the B777 simulator to replicate the event and to identify
how the error was able to manifest. The training also represented an opportunity to reinforce the
use of the various modes for the approach phase.

The RNAV approaches are regularly treated as step down approaches by controllers. The RNAV
approaches were designed to reduce pilot and controller workload, however, they regularly
increase the pilot workload and increase the opportunity for crew errors. It is also not uncommon
to be taken off an RNAV path, given radar vectors then put back on the RNAV at some point in the
RNAV path sequence which also increases pilot workload.

Related occurrences

A number of ATSB investigations have examined occurrences that included altitude deviations in
flight path involving foreign crew operating within Australia. Of these, two recent examples are
summarised below. Full reports are available at the ATSB website.

ATSB investigation AO-2017-026

On the morning of 22 February 2017, a Singapore Airlines Boeing 777-212, from Singapore
Changi Airport, Singapore, to Canberra Airport, Australian Capital Territory, was conducting a
standard arrival into Canberra when it descended through an altitude constraint associated with
the arrival procedure. The error was the result of FMC entry omissions and the flight crew not
identifying the relevant altitude limitation.

ATSB investigation AO-2016-012

During a second approach into Perth Airport, Western Australia, an Airbus A320 aircraft operated
by PT Indonesia AirAsia was conducting a VOR approach to runway 06 when the flight crew
descended the aircraft earlier than normal, but believed that they were on the correct flight path
profile. While descending, both flight crew became concerned that they could not visually identify
the runway, and focused their attention outside the aircraft. At about that time, the approach
controller received a ‘below minimum safe altitude’ warning for the aircraft. The controller alerted
the crew of their low altitude and instructed them to conduct a go-around.

Safety analysis

The approach and landing are phases of flight known to have high workload. That workload can
increase exponentially when errors and the unexpected occur. As a result of not pressing the
altitude selector properly, and then checking that the required flight mode change occurred on the
FMA, the PF’s workload increased substantially. This resulted in the PF losing awareness of the
aircraft's descent profile, and in particular the aircraft’s altitude versus the distance to landing, a
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component of what is commonly referred to as situational awareness. This loss of descent profile
awareness, combined with a preconception that the aircraft should not get high on profile during
the positioning for final approach, resulted in the PF initiating a descent below the altitude limit of
3,000 ft that was required to be maintained until the aircraft was established on final approach.
The PF identified the error and began levelling the aircraft just before the flight crew were notified
by ATC that the aircraft had breached the descent clearance limit.

The PM role requires an awareness of the PF actions as well as an awareness of the aircraft's
flight profile relative to the clearance limit and any limitations associated with the approach
procedure. While the PM had not flown this approach before, the monitoring role during the
approach was not effectively executed.

Findings

These findings should not be read as apportioning blame or liability to any particular organisation
or individual.

e As aresult of high workload, a loss of awareness of the aircraft's descent profile, and a
preconception with ensuring that the aircraft did not get high on the approach flight path, the
flight crew initiated a descent below the cleared altitude of 3,000 ft as the aircraft was
positioning for final approach. The flight crew corrected the error and levelled the aircraft at
about 2,000 ft shortly before being alerted of the altitude breach by ATC.

Safety message

This investigation identifies how an error can increase workload,
particularly during a phase of flight that has an already high
workload. It also highlights the importance of confirming mode Sa ﬁt@i‘%‘i”&f W"a “’E"@E"‘E
changes on the FMA. Handling of approaches to land continues
to be a safety priority for the ATSB.

General details

Occurrence details

Date and time: 18 November 2017 — 0925 EST
Occurrence category: Incident
Primary occurrence type: Flight below minimum altitude
Location: 23 km SSW of Brisbane Airport, Queensland
Latitude: 27° 34.8'S Longitude: 153° 1.4'E

Aircraft details

Manufacturer and model: Boeing 777-319(ER)

Registration: ZK-OKN

Operator: Air New Zealand

Serial number: 38406

Type of operation: Air Transport High Capacity

Persons on board: Crew — N/A Passengers — N/A
Injuries: Crew -0 Passengers — 0
Aircraft damage: Nil
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About the ATSB

The Australian Transport Safety Bureau (ATSB) is an independent Commonwealth Government
statutory agency. The ATSB is governed by a Commission and is entirely separate from transport
regulators, policy makers and service providers. The ATSB's function is to improve safety and
public confidence in the aviation, marine and rail modes of transport through excellence in:
independent investigation of transport accidents and other safety occurrences; safety data
recording, analysis and research; and fostering safety awareness, knowledge and action.

The ATSB is responsible for investigating accidents and other transport safety matters involving
civil aviation, marine and rail operations in Australia that fall within Commonwealth jurisdiction, as
well as participating in overseas investigations involving Australian registered aircraft and ships. A
primary concern is the safety of commercial transport, with particular regard to operations
involving the travelling public.

The ATSB performs its functions in accordance with the provisions of the Transport Safety
Investigation Act 2003 and Regulations and, where applicable, relevant international agreements.

The object of a safety investigation is to identify and reduce safety-related risk. ATSB
investigations determine and communicate the safety factors related to the transport safety matter
being investigated.

It is not a function of the ATSB to apportion blame or determine liability. At the same time, an
investigation report must include factual material of sufficient weight to support the analysis and
findings. At all times the ATSB endeavours to balance the use of material that could imply adverse
comment with the need to properly explain what happened, and why, in a fair and unbiased
manner.

About this report

Decisions regarding whether to conduct an investigation, and the scope of an investigation, are
based on many factors, including the level of safety benefit likely to be obtained from an
investigation. For this occurrence, a limited-scope, fact-gathering investigation was conducted in
order to produce a short summary report, and allow for greater industry awareness of potential
safety issues and possible safety actions.
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