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The Boeing 787 Dreamliner represents a paradigm shift in commercial aviation, moving away from traditional
pneumatic-heavy architectures toward a \"more electric\" aircraft design. For pilots, engineers, and flight simulation
enthusiasts, understanding the 787 requires more than a superficial glance at a cockpit; it demands a deep dive
into the Flight Crew Operations Manual (FCOM), the logic of the Electronic Checklist (ECL), and the nuances of its
composite-based structural integrity. This guide provides a granular analysis of the Boeing 787 series, focusing on
the technical execution of flight procedures and the underlying engineering principles that define the 787-8, 787-9,
and 787-10 variants.

The Evolution of the More Electric Airplane (MEA) Architecture

To operate the Boeing 787 effectively, one must first understand the More Electric Airplane (MEA)philosophy.
Unlike conventional aircraft like the Boeing 777 or 737, which rely heavily on bleed air from the engines to power air
conditioning, wing anti-ice, and engine starting, the 787 utilizes electricity for these functions. This transition
eliminates the heavy and complex pneumatic manifold systems, leading to a 35% reduction in power extraction
from the engines and a significant improvement in fuel efficiency.

The 235VAC Electrical System

The 787's electrical system is massive in scale. It operates primarily on 235 Volts Alternating Current (VAC), a
departure from the industry-standard 115VAC. This higher voltage allows for thinner wiring, reducing the aircraft's
overall weight. Each of the two engines features two 250kVA Variable Frequency Starter Generators (VFSGS),
providing a total potential output of 1.4 Megawatts when combined with the Auxiliary Power Unit (APU) generators.
This power is essential for the Electric Braking System and the Environmental Control System (ECS), which
uses electric compressors rather than bleed air to pressurize the cabin.

Technical Specifications and Variant Comparison

The 787 family consists of three distinct models, each optimized for different mission profiles. While the flight deck
remains common across all types, the performance characteristics vary significantly due to fuselage length and
structural reinforcements.



Feature

Length

Typical Seating

Maximum Range

MTOW (Max Takeoff

Weight)

Fuel Capacity

Boeing 787-8

56.7 Meters

242

7,305 nmi

227,930 kg

126,206 Liters

Boeing 787-9

62.8 Meters

296

7,565 nmi

254,011 kg

126,206 Liters

Boeing 787-10

68.3 Meters

336

6,330 nmi

254,011 kg

126,206 Liters

As illustrated in the table, the 787-9 is often considered the \"sweet spot\" of the family, offering the highest range
by utilizing the same fuel capacity as the -8 but with optimized aerodynamics and structural efficiency. The 787-10,
while the largest, sacrifices range for capacity, making it an ideal regional heavyweight for high-density routes.

The Flight Crew Operations Manual (FCOM) and Checklist Philosophy

Operating a Dreamliner is governed by the Boeing 787 FCOM, a multi-volume set of documents that details every
system and procedure. A critical component of modern 787 operations is the Electronic Checklist (ECL),
integrated into the Multi-Function Displays (MFDs). The ECL is designed to reduce pilot workload and minimize the
risk of skipped items by using a \"closed-loop\" system where the aircraft can often sense if a switch has been
moved to the required position.

Normal Procedures Framework

Standard operations are divided into distinct phases, each with a specific checklist. These procedures ensure that
the aircraft is configured correctly for the current phase of flight. Key phases include:

« Preflight: Initializing the Flight Management Computer (FMC), checking oxygen levels, and verifying hydraulic
quantities.

» Before Start: Configuring the fuel pumps, beacon light, and verifying that all doors are closed and locked.

» Before Takeoff: Setting the flaps, verifying takeoff speeds (V1, Vr, V2), and confirming the flight instrument
settings.

 After Takeoff: Retracting landing gear and flaps, and transitioning to climb thrust.

* Approach/Landing: Tuning navigation radios, setting the autobrake, and arming the speedbrakes.

Step-by-Step: Boeing 787 \"Cold and Dark\" Startup Procedure

Starting the 787 from a \"Cold and Dark\" state—where no power is applied—is a highly procedural task that
demonstrates the complexity of the 235VAC architecture. Below is the technical sequence for a standard startup.

1. Power Initialization

First, the Battery Switch is turned to ON. This powers the standby buses and allows the pilot to engage the
External Power or start the APU. Once the APU is running (indicated by \"AVAIL\" on the overhead panel), the
aircraft's electrical buses are energized, and the displays come to life.

2. ADIRU Alignment

The Air Data Inertial Reference Unit (ADIRU)must be aligned to the aircraft's GPS position. This is done via the



overhead panel. Without alignment, the Primary Flight Displays (PFD) will not show attitude or heading information.

3. FMC Initialization (CDU Preflight)
The pilots interact with the Control Display Unit (CDU) to enter the flight plan. This includes:

IDENT: Verifying the engine type and navigation database cycle.

POS INIT: Entering the current airport and gate.

RTE: Entering the flight number, origin, and destination.

PERF INIT: Inputting the Zero Fuel Weight (ZFW), reserves, and cost index.

5. TAKEOFF: Calculating V-speeds based on the current runway length and weather conditions.
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4. Engine Start Sequence

The 787 uses Electric Starters. When the engine start switch is moved to START, the APU generators (or external
power) provide electricity to the VFSGs, which act as motors to spin the engine's N3 shaft (on Rolls-Royce
engines) or N2 shaft (on GE engines). When the shaft reaches approximately 15-20% RPM, the Fuel Control
Switch is moved to RUN, introducing fuel and ignition.

The Electronic Checklist (ECL) Logic

One of the most advanced features of the 787 is how the ECL handles non-normal situations. In the event of a
system failure, the Engine Indicating and Crew Alerting System (EICAS) displays a message. The pilot can then
select the corresponding checklist on the MFD. The ECL often features \" Auto-Complete\"items, which turn green
once the aircraft sensors detect the correct configuration (e.g., if the checklist asks for the Landing Gear to be UP,
the item will automatically tick off once the gear is retracted).

Checklist Hierarchy

1. Normal Checklists: Routine operations.

2. Non-Normal Checklists: Dealing with failures (e.g., Engine Fire, Rapid Depressurization).

3. Unannunciated Checklists: For situations where no EICAS message appears, but an issue is suspected
(e.g., severe turbulence).

Aerodynamics and Advanced Flight Controls

The 787 utilizes a sophisticated Fly-By-Wire (FBW) system. Unlike the 737, which uses cables and pulleys, the
787's yoke sends electronic signals to the Actuator Control Electronics (ACE) and Flight Control Computers
(FCCs). These computers then move the hydraulic actuators on the wings and tail.

Gust Alleviation System

A unique feature of the 787 is the Vertical Gust Alleviationsystem. It uses sensors in the nose to detect changes
in air pressure caused by turbulence. The flight computers then make micro-adjustments to the symmetrical
flaperons and elevators to counteract the movement before the passengers even feel it. This significantly improves
ride quality and reduces structural fatigue on the composite airframe.

Mathematical Models: Takeoff Performance and Fuel Planning

Flight crews must calculate the Balanced Field Length—the distance where the takeoff can either be safely
completed or safely aborted in the event of an engine failure at V1. The 787's performance is calculated using the
following variables:



¢ Density Altitude: Pressure altitude corrected for non-standard temperature. Higher temperatures reduce air
density, requiring longer takeoff rolls.

¢ Flex Temperature (Assumed Temperature): To prolong engine life, pilots often use a \"Flex\" takeoff. By telling
the FMC that the outside temperature is higher than it actually is, the computer reduces the maximum thrust output.

e Climb Gradient: The aircraft must maintain a minimum climb gradient (typically 2.4% for twin-engine aircraft)
to clear obstacles after an engine failure.

Formula for Fuel Flow Efficiency

The 787's efficiency is often measured in Specific Fuel Consumption (SFC). While the exact algorithms are
proprietary, the simplified relationship is: SFC = (Fuel Flow) / (Thrust). The 787 aims for an SFC approximately
20% lower than the Boeing 767 it was designed to replace, largely through the use of high-bypass ratio engines
(10:1) and the elimination of bleed air losses.

Operational Challenges and Troubleshooting

Despite its advanced technology, the 787 faces specific operational challenges. Technical writers and operators
must be aware of these failure modes to ensure safety.

Battery Thermal Management

Early in its lifecycle, the 787 faced issues with its Lithium-lon batteries. The solution involved a redesigned
stainless steel enclosure and a venting system to prevent thermal runaway. Pilots must monitor battery temperature
and voltage on the electrical status page of the MFD during preflight.

Common Procedural Errors



Error Description

Failure to set Landing Altitude (LDG
ALT)

Technical Consequence

Cabin may not depressurize correctly
on landing, causing ear discomfort or
door seal issues.

Mitigation Strategy

Verify FMC landing destination
altitude matches the destination
airport elevation.

Cross-check the load sheet with the
FMC PERF INIT page.

Incorrect ZFW (Zero Fuel Weight) V-speeds and trim settings will be
entry calculated incorrectly, leading to tail
strikes or insufficient lift.

Check the \"PARK BRAKE SET\"
indicator on the EICAS.

Improper Parking Brake Engagement On the 787, the parking brake is

electric. If not set, the aircraft can roll
during engine start.

Maintenance and Health Management (AHM)

The 787 is a \"talking aircraft.\" Through the Airplane Health Management (AHM)system, it transmits real-time
telemetry to Boeing and the airline’s maintenance center via satellite. If a component is showing signs of
degradation, maintenance crews can have a replacement part ready at the destination gate before the aircraft even

lands. This predictive maintenance is a core part of the 787's economic value proposition.

Summary and Broader Implications

The Boeing 787 Dreamliner is a testament to the integration of computer science, material engineering, and
aerodynamic theory. By replacing traditional pneumatic systems with a high-voltage electrical backbone and
utilizing a composite airframe, Boeing has created a platform that is both more efficient and more comfortable for
long-haul travel. Mastering the 787's operation requires a disciplined approach to the FCOM and a thorough
understanding of the Electronic Checklist's logic. As the aviation industry moves further toward automation and
electrification, the 787 serves as the primary blueprint for the future of commercial flight. For the operator, the key
lies in the seamless transition between manual stick-and-rudder skills and the high-level systems management
required by the aircraft's advanced digital architecture. Whether managing a complex cold and dark startup or
navigating through transoceanic routes, the 787 remains at the pinnacle of modern aerospace technology.
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