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The Boeing 787 Dreamliner represents one of the most significant technological leaps in commercial aviation
history. As the first major airliner to use composite materials for most of its airframe, it introduced a paradigm shift

in fuel efficiency, passenger comfort, and maintenance requirements. For pilots, engineers, and aviation students,
mastering the Boeing 787 manuals—including the Flight Crew Operations Manual (FCOM), the Flight
Management Computer (FMC) guide, and the Maintenance Planning Document (MPD)—is essential for safe and
efficient operation. This article provides a high-level technical breakdown of the 787’s core systems, operational
philosophy, and a guide on how to navigate its complex documentation.

1.The Architecture of Innovation: The Common Core System (CCS)

At the heart of the Boeing 787 is the Common Core System (CCS). Unlike traditional aircraft where each system
(fuel, hydraulics, environmental control) has its own dedicated computer, the 787 uses a consolidated computing
environment. Developed by GE Aviation, the CCS is often referred to as the "brain" of the aircraft.

The Integrated Modular Avionics (IMA)

The CCS utilizes Integrated Modular Avionics (IMA), which allows multiple software applications to run on a
shared hardware platform. This reduces the number of individual Line Replaceable Units (LRUs), significantly
lowering the aircraft's overall weight and complexity. The core components of the CCS include:

¢ General Management Units (GMUSs): These host the software applications for various airplane systems.

« Remote Data Units (RDUSs): These act as gateways, converting analog signals from sensors and actuators
into digital data for the CCS network.

¢ Avionics Full-Duplex Switched Ethernet (AFDX): A high-speed data bus that ensures deterministic
communication between components, critical for flight-safety systems.

By centralizing computing power, the 787 can perform self-diagnostics at a level previously unseen in commercial
aviation. This integration is a primary focus of the 787 Technical Breakdown manuals, which emphasize how the
CCS manages data flow across the ARINC 664 network.

2.The No-Bleed Systems Architecture

Perhaps the most radical departure from traditional design is the 787's "no-bleed" systems architecture. In
conventional aircraft, high-pressure air is "bled" from the engines to power the air conditioning, de-icing, and engine
starting systems. The 787 replaces these pneumatic systems with electrical equivalents.

Electrical Power Generation

The 787 produces a massive amount of electrical power—up to 1.45 Megawatts. This is achieved through four 250
kVA starter-generators mounted directly on the engines (two per engine) and two 225 kVA generators on the
Auxiliary Power Unit (APU). The benefits of this transition are documented extensively in the 787 Systems and
Performance manuals:



System Traditional (Bleed Air) Boeing 787 (Electrical)

Engine Starting Pneumatic Starters Electric Starter-Generators

Wing Anti-Ice Hot Bleed Air Ducts Electro-Thermal Mats
Environmental Control Air Cycle Machines (Bleed) Electric Motor-Driven Compressors
Hydraulic Pumps Engine-Driven Pumps Electric Motor-Driven Pumps (EMP)

The elimination of bleed air manifolds and heat exchangers reduces weight and improves fuel efficiency by
approximately 3%. Furthermore, the Cabin Air Compressors (CACs)take fresh air from dedicated inlets, rather
than through the engines, resulting in higher cabin humidity and a lower perceived cabin altitude (6,000 ft vs the
standard 8,000 ft), which reduces passenger fatigue.

3. Navigating the Boeing 787 Flight Management Computer (FMC)

The 787 FMC App and interactive manuals are indispensable tools for pilots transitioning to the Dreamliner. The
787 uses a Multi-Function Display (MFD)system where the FMC is integrated into the larger glass cockpit
environment, utilizing a Cursor Control Device (CCD) for navigation.

FMC Phases and Performance Initialization

The pilot’s workflow follows a specific sequence within the Control Display Unit (CDU)pages  of  the FMC.
Technical proficiency requires understanding the following phases:

1. Pre-flight: Entering the flight plan, wind data, and zero-fuel weight (ZFW).

2. Takeoff: Calculating V-speeds (V1, Vr, V2) and thrust limits based on runway length and temperature.
3. En-route: Managing the Lateral Navigation (LNAV) and Vertical Navigation (VNAV) profiles.

4. Approach: Programming ILS or RNP frequencies and transition altitudes.

A critical feature of the 787 FMC is its Required Navigation Performance (RNP) capability, which allows the
aircraft to fly precise curved paths through mountainous terrain or congested airspace with an accuracy of 0.1
nautical miles. The Ultimate 787 Collection Users Manualhighlights how the FMC calculates the "Cost Index" (CI)
—a ratio of time-related costs to fuel costs—to optimize the cruise speed for maximum airline profitability.

4. Boeing 787 vs. 777: A Comparative Analysis

While the Boeing 777 is a powerhouse of reliability, the 787 was designed to complement it by serving "long-thin"
routes (long distance, lower passenger volume). The following table compares the technical specifications of the
787-8 and the 777-200ER, which are often studied together in aircraft characteristics documents.



Feature Boeing 777-200ER Boeing 787-8 Dreamliner

Fuselage Material Aluminum Alloy Carbon Fiber Composite (50%)
Max Takeoff Weight (MTOW) 297,550 kg 227,930 kg

Range 13,080 km 13,620 km

Fuel Efficiency Baseline ~20% Improvement

System Logic Mechanical/Pneumatic Dominant Digital/Electrical Dominant

The 787’'s high-aspect-ratio wing and advanced raked wingtips reduce induced drag more effectively than the
winglets found on older 737 or 747 models. This aerodynamic efficiency is further enhanced by variable-camber
trailing edge (VCTE)flaps, which automatically adjust during cruise to optimize the lift-to-drag ratio based on the
aircraft's current weight.

5. Studying the Manuals: FCOM, QRH, and FCTM

To operate the aircraft safely, pilots must adhere to a hierarchy of documentation. Understanding the structure of
these manuals is a core requirement for Instructor Manual - FlightAcad training modules.

Flight Crew Operations Manual (FCOM)

The FCOM is the primary resource for normal and non-normal procedures. It is divided into two volumes:

¢ Volume 1: Contains limitations, normal procedures, and supplementary techniques.
* Volume 2: Provides a deep dive into individual systems (Hydraulics, Fuel, Electrics) and their schematic
representations.

Quick Reference Handbook (QRH)

The QRH is used during emergencies. It contains checklists for non-normal situations, such as engine failures or
smoke in the cabin. The 787 features an Electronic Checklist (ECL)displayed on the MFD, which automatically
checks off items when the system detects the action has been completed, a massive improvement in cockpit
ergonomics.

Flight Crew Training Manual (FCTM)

While the FCOM tells you *what* to do, the FCTM explains *how* to fly. It includes guidance on crosswind landings,
takeoff rotation techniques, and handling the 787’s unique Fly-By-Wire (FBW)flight envelope protection, which
prevents the pilot from stalling the aircraft or exceeding structural limits.

6. Maintenance and Airport Planning Characteristics

Boeing’s 787 maintenance plan, approved by the FAA, was revolutionary because it extended the intervals
between heavy maintenance checks. This is largely due to the composite fuselage, which does not suffer from the
same corrosion or fatigue issues as aluminum.

Airport Planning Data

According to the 787 Airplane Characteristics for Airport Planningdocument, airport authorities must consider
the Dreamliner’s specific footprint:



e Pavement Loading: The 787-9 and -10 models have high landing weights, requiring specific Pavement
Classification Numbers (PCN).

e Wingspan: The 787-8 has a wingspan of 60.1 meters, placing it in ICAO Code E or FAA Group V.

e Ground Power: Because of its high electrical demand, airports often need to provide multiple 90kVA ground
power units (GPUSs) to keep systems running at the gate without the APU.

7.Troubleshooting and Case Studies: The Battery Incident

A technical study of the 787 would be incomplete without discussing the 2013 Lithium-lon battery grounding.
Early in its service life, the 787 experienced thermal runaway events in its main and APU batteries. This led to a
temporary worldwide grounding of the fleet.

The Engineering Solution

Boeing and the FAA implemented a three-layered solution:

1. Internal Redesign: Increasing the insulation between individual battery cells to prevent heat transfer.

2. Charging Logic: Updating the software to prevent overcharging and monitoring cell voltage more precisely.

3. Stainless Steel Enclosure: Encasing the battery in a heavy-duty box with a dedicated vent pipe leading
outside the aircraft, ensuring that even in the event of a fire, the fumes and heat would not enter the cabin or
damage the airframe.

This case study is frequently used in Technical Study Datato demonstrate the importance of "System Safety
Assessment" (SSA) and the iterative nature of modern aerospace engineering.

8. Operational Procedures and Checklist Philosophy

The 787 Series Checklistfollows a "Quiet Dark Cockpit" philosophy. In normal operations, if a button is not
illuminated, it generally means the system is in its standard auto-operating mode. This reduces pilot cognitive load.

Pre-flight Flow Pattern
The Boeing 787-8 Operating Manual defines a specific flow pattern for the flight crew:

¢ Overhead Panel: Scan from bottom to top, left to right. Ensure the L &amp; R Engine Starters are in NORM,
and Bus Ties are AUTO.

e Glareshield: Set the Flight Director (FD) and Barometric pressure.
e Pedestal: Initialize the Electronic Flight Bag (EFB) for performance calculations.

By using the Interactive FMC Manual, pilots can practice these flows in a simulated environment, ensuring that

the transition from a manual-heavy environment to the digital 787 cockpit is seamless.

9. Advanced Aerodynamics and Wing Design

The 787's wing is a marvel of 3D aerodynamic analysis. It features a high degree of flex—the wingtips can deflect
upwards by as much as 25 feet during flight. This flexibility acts as a shock absorber, providing a smoother ride for
passengers in turbulence.

Mathematical Models for Lift

The lift generated by the 787's wing can be approximated by the standard lift equation, but with a high efficiency
coefficient (Cl) due to the composite curvature:

L=1/2*< ¢k"¢2¢6A



Where:< ...&T&ir densityv: True AirspeedS: Wing Surface AreaCl:Lift Coefficient (optimized by the 787's VCTE
system)

The 787 also utilizes Gust Suppression technology. Sensors around the nose detect changes in air pressure and
instantly adjust the flaperons and elevators to counteract the gust before the fuselage even begins to move. This
level of integration between sensors and flight controls is a key topic in the 787 Systems and Performance
technical papers.

10. Synthesis of Digital and Physical Operations

The Boeing 787 Dreamliner is more than just an aircraft; it is a flying data center. From the Common Core System
that manages its electrical load to the FMC that optimizes its flight path, every aspect of the 787 is designed for
maximum efficiency and integration. For the technical professional, the 787 manualsoffer a window into the future
of aviation, where software is as critical as the airframe itself.

Whether you are studying the Airport Planning documents to prepare a terminal for the Dreamliner's arrival, or
using a FMC Appto master the nuances of VNAV, the core principle remains the same: the 787 demands a deep,
technical understanding of how digital systems interact with physical forces. As maintenance plans continue to
evolve and FAA oversight ensures the highest safety standards, the 787 remains the gold standard for modern
commercial transport, proving that the move toward a more electric, composite, and data-driven aircraft was the
correct path for the industry's future.
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