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The Boeing 787 Dreamliner represents one of the most significant technological leaps in commercial aviation
history. At the heart of this advancement is a move away from traditional pneumatic-heavy architectures toward a
More Electric Aircraft (MEA)philosophy. By replacing bleed-air systems with electrical power, Boeing has
redefined efficiency, maintenance, and passenger comfort. This technical analysis explores the intricate systems
that make the 787 a pioneer of modern aerospace engineering, focusing on the no-bleed architecture, the
Common Core System (CCS), and the high-voltage electrical distribution network.

1.The Paradigm Shift: From Pneumatic to No-Bleed Systems

For decades, commercial jet engines utilized "bleed air"&mdash;high-pressure air taken from the engine
compressor stage&mdash;to power everything from cabin pressurization and air conditioning to wing anti-icing.
While effective, this method is thermodynamically inefficient. The Boeing 787 disrupts this tradition with its No-
Bleed Systems Architecture.

The Efficiency Logic of No-Bleed

In a traditional bleed system, the engine must work harder to compress air that is ultimately dumped overboard or
regulated down in pressure, leading to wasted energy. The 787 eliminates most of these pneumatic ducts. Instead,
the engines power massive Variable Frequency Starter Generators (VFSGs). These generators convert
mechanical energy directly into electricity, which is then used to power electric motor-driven compressors for cabin
air. This shift accounts for a predicted 3% reduction in fuel consumptioncompared to traditional architectures, as
the engine only produces the power actually required by the aircraft systems.

Key Advantages of the No-Bleed System

* Weight Reduction: Elimination of heavy, high-temperature pneumatic ducting made of titanium and stainless
steel.

« Maintenance Efficiency: Fewer mechanical valves and ducts mean fewer potential leak points and reduced
inspection intervals.

< Improved Engine Performance: The engine core is not "robbed" of compressed air, allowing for more
optimized combustion and thrust cycles.

¢ Dynamic Control: Electrical systems can be modulated with precision, unlike pneumatic systems which often
operate on an "all-or-nothing" or heavily throttled basis.

2. Electrical Power Generation and Distribution

The 787 is often described as a flying power plant. While a Boeing 767 produces roughly 0.2 Megawatts of
electrical power, the 787 can generate up to 1.45 Megawatts. This massive capacity is necessary to support the
electric heaters, compressors, and actuators that replace pneumatic and hydraulic counterparts.

The Power Generation Matrix

The 787 utilizes six primary generators:



e Four 250 kVA VFSGs: Two mounted on each engine. These serve as both the engine starters and the primary
power source during flight.
e Two 225 kVA APU Generators: Located in the tail, providing ground power and backup power during flight.

This power is distributed through a sophisticated network operating at 235 Volts Alternating Current (VAC), a
departure from the traditional 115 VAC used in older airframes. This higher voltage allows for thinner wiring, further
reducing the aircraft's weight.

Comparison: 787 vs. Traditional Aircraft Systems



Feature Traditional Architecture (e.g., Boeing 787 Architecture

767/777)
Primary Power Source Pneumatic (Bleed Air) Electrical
Total Electrical Capacity ~200 - 300 kVA 1,450 kVA (1.45 MW)
Engine Starting Pneumatic Starters Electrical (VFSGs)
Wing Anti-Ice Hot Bleed Air Ducts Electro-Thermal Heaters
Hydraulic Power Engine/Air Driven Pumps Electric Motor Driven Pumps (EMDP)

3.The Common Core System (CCS): The Digital Nervous System

A critical component of the 787’s design is the Common Core System (CCS), developed by General Electric. This
system moves away from the federated avionics model&mdash;where each system (brakes, lights, environmental
control) has its own dedicated computer&mdash;toward an Integrated Modular Avionics (IMA) framework.

The Architecture of Redundancy

The CCS consists of two Common Core Resource (CCR)cabinets. To ensure maximum reliability, these cabinets
are physically separated (one on the left side, one on the right). Each CCR hosts multiple software applications that
manage different aircraft functions within a single, high-integrity computing environment.

Data Communication: The AFDX Network

The backbone of the CCS is an ARINC 664 (AFDX) deterministic Ethernet network. Unlike standard Ethernet,
AFDX provides guaranteed bandwidth and latency, ensuring that critical flight data reaches its destination without
interference from non-critical data. This network connects the CCRs to Remote Data Concentrators (RDCs)
distributed throughout the airframe. RDCs act as local interfaces, collecting data from sensors and actuators and
converting it into digital signals for the core computers.

4. Environmental Control Systems (ECS) and Cabin Architecture

The transition to a no-bleed architecture has profound effects on the passenger experience. In a traditional system,
cabin air is compressed by the engine, which can sometimes lead to oil fumes or a "dry" atmosphere. The 787
uses electric compressors to draw in fresh outside air, bypassing the engine core entirely.

Enhanced Cabin Environment Metrics

The 787 ECS manages several key factors that reduce passenger fatigue and jet lag:

1. Lower Cabin Altitude: Because the 787 composite fuselage is more resistant to fatigue and pressure cycles
than aluminum, the cabin can be pressurized to an equivalent of 6,000 feet instead of the standard 8,000 feet. This
increases oxygen absorption in the blood.

2. Humidity Control: The lack of bleed air allows for a higher humidity level (approx. 15%), which prevents the
drying of eyes and nasal passages.

3. Advanced Filtration: The system utilizes HEPA filters and gaseous filtration to remove odors and
contaminants.

4. Heat Dissipation: Electronic equipment is cooled using internal fans and valves that route air over



components and expel heat through specialized exhaust systems.

5.Technical Breakdown: The Variable Frequency Starter Generator (VFSG)

The VFSG is perhaps the most complex electrical component on the 787. In traditional aircraft, generators maintain
a constant 400Hz frequency through a heavy Constant Speed Drive (CSD). The 787 eliminates the CSD.

Mathematical Principle of Frequency Variation

The frequency (f) produced by the VFSG is directly proportional to the engine's rotational speed (N) and the
number of poles (P) in the generator:

f=(P*N)/120

As the engine speeds up or slows down, the frequency varies (typically between 360Hz and 800Hz). The 787’s
power electronics, specifically the Auto-Transformer Rectifier Units (ATRUS), convert this variable AC power into
stable DC power (x270 VDC) for use by high-power systems like the motor controllers.

6. Implementation and Maintenance: The Onboard Health Management
(OHM)

The integration of the CCS and the digital electrical network allows for unparalleled diagnostic capabilities. The 787
features an Onboard Health Management (OHM) system that monitors thousands of parameters in real-time.

Maintenance Workflow Strategy

¢ Real-Time Reporting: The aircraft can transmit fault data to ground crews via satellite while still in flight.

¢ Predictive Maintenance: By analyzing trends (e.g., a slight increase in the current draw of an electric motor),
the system can predict a failure before it occurs, allowing parts to be staged at the arrival gate.

« Interactive Diagrams: Technicians use tablets to access interactive systems diagrams that reflect the actual
state of the aircraft's relays and valves, reducing troubleshooting time by up to 50%.

7. Case Study: Battery System Evolution

Early in its service life, the 787 faced challenges with its Lithium-lon battery systems. This led to a significant
redesign that showcased Boeing’s engineering adaptability. The "approved improvements"” mentioned in technical
documentation include:

¢ Enhanced Cell Isolation: Added insulation between the eight cells to prevent thermal runaway propagation.

e Stainless Steel Enclosure: A robust containment box designed to vent any smoke or heat directly outside the
aircraft, ensuring that a single-cell failure cannot compromise the airframe.

e Updated Charging Logic: Stricter voltage tolerances to ensure the batteries operate within a narrow, safe
thermal window.

8. Aerodynamic Design and Systems Integration

The 787's systems do not operate in a vacuum; they are integrated into a fuselage designed with 3-D
Aerodynamic Analysistools. The raked wingtips and smoothed engine nacelles (featuring chevrons for noise
reduction) complement the efficiency of the electrical systems.

Structural Integration Checklist

1. Composite Fuselage: High use of Carbon Fiber Reinforced Plastic (CFRP) allows for larger windows and



higher pressurization.

2. Electric Wing Anti-Ice: Instead of piping hot air through the leading edges, the 787 uses electro-thermal
mats. This maintains the laminar flow over the wing more effectively, as no exhaust holes are required.

3. Flight Control Electronics: The Fly-By-Wire (FBW) system is fully integrated into the CCS, allowing for flight
envelope protection and gust suppression, which improves ride quality.

The Future of Aerospace Engineering

The Boeing 787 Dreamliner’'s transition to a "More Electric" architecture is more than just an incremental
improvement; it is a fundamental shift in how aircraft are conceived and operated. By centralizing computation
through the Common Core System and replacing inefficient pneumatic loads with high-capacity electrical
generation, the 787 achieves a level of synergy between airframe and systems that was previously impossible.

For operators, the benefits manifest as lower fuel bills and reduced maintenance costs. For passengers, it results in
a quieter, more humid, and more comfortable cabin environment. As the industry looks toward future hybrid or fully
electric propulsion, the 787 stands as the essential bridge, proving that electrical power is the most viable path
toward a sustainable and efficient aviation future. The lessons learned from its no-bleed architecture and the
robustness of its redundant digital core will undoubtedly serve as the blueprint for the next generation of aerospace
design.
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