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The Boeing 737 series represents one of the most significant achievements in commercial aviation history, evolving
through several generations from the original 737-100 to the contemporary 737 MAX. For professional airline and
simulator pilots, mastering the intricacies of this aircraft requires more than just a basic understanding of the Flight
Crew Operating Manual (FCOM). It demands a deep dive into technical nuances, system logic, and management
strategies for non-normal situations. This is where the B737 Management Reference Guide (MRG), authored by
Captain Pat Boone, becomes an indispensable asset. As a private publication, it supplements official Boeing
documentation by providing over 300 non-normal scenarios, technical notes, and management advice based on
decades of operational experience.

The Evolution of the Boeing 737: From NG to MAX

To understand the current state of 737 operations, one must analyze the transition from the Next-Generation (NG)
models (600, 700, 800, and 900 series) to the 737 MAX. The NG series was designhed to compete with the Airbus
A320 family, featuring a redesigned wing with a larger area, increased fuel capacity, and higher MTOW (Maximum
Take-Off Weight). The introduction of the Boeing Converted Freighter (BCF), such as the 737-800BCF, further
extended the airframe's utility into the logistics sector, requiring unique certification pathways through the FAA and
EASA.

The transition to the MAX was driven by the need for greater fuel efficiency, achieved through the CFM LEAP-1B
engines. However, the larger diameter of these engines necessitated a forward and upward shift in their mounting
position on the wing. This aerodynamic change altered the aircraft's handling characteristics at high angles of
attack, leading to the development of the Maneuvering Characteristics Augmentation System (MCAS). The
technical management of these systems is a core focus of modern pilot training and the MRG, as the interaction
between flight control computers and aerodynamic sensors became a focal point of global aviation safety
discussions.

Technical Specifications Comparison: 737-800 (NG) vs. 737-8 (MAX)

The following table provides a technical breakdown of the key differences between the most common NG variant
and its MAX successor, highlighting the engineering shifts that pilots and engineers must manage.



Feature Boeing 737-800 (NG) Boeing 737-8 (MAX)

Engine Model CFM56-7B CFM LEAP-1B

Fan Diameter 61 inches 69 inches

Max Thrust 27,300 Ibf 29,317 Ibf

Avionics Suite Honeywell/Rockwell Collins LCDs Boeing Advanced Technology Displays

Flight Controls Cables/Hydraulics with STS _Cables/_HydrauIics with MCAS
integration

Fuel Efficiency Baseline ~14-20% Improvement

Display Surface 6 small Flat Panels 4 large 15.1-inch LCDs

The B737 Management Reference Guide (MRG) Framework

The B737 MRG is not merely a checklist; it is a comprehensive management tool. While the Quick Reference
Handbook (QRH) provides the 'what to do' during an emergency, the MRG explains the ‘why' and the 'how to
manage.' It covers more than 300 non-normal situations, ranging from simple sensor failures to complex multi-
system degradations. The guide is structured to assist pilots in the Decision-Making Process (DMP), ensuring
that technical knowledge translates into safe operational outcomes.

Core Components of the MRG

e Technical Notes: Detailed explanations of system logic that are often omitted from the FCOM for the sake of
brevity.

e Management Advice: Strategic guidance on how to prioritize tasks during high-workload phases of flight.

* Non-Normal Checklists (NNC) Analysis: A breakdown of the NNCs, explaining the consequences of each step.

« FMS/FMC Deep Dive: Advanced techniques for using the Flight Management Computer to mitigate errors
during diversions or complex arrivals.

One of the critical strengths of the MRG is its ability to synthesize data from thousands of flight hours and simulator
sessions. For instance, when dealing with a Loss of System A Hydraulics, the MRG doesn't just list the affected
components (landing gear extension, ground spoilers, etc.); it provides a management timeline for the approach
and landing, accounting for the increased pilot workload and the physical changes in control feel.

Technical Analysis of Flight Instruments and Control Systems

Modern B737 cockpits rely on integrated systems that process massive amounts of data through Flight Control
Computers (FCCs) and Air Data Inertial Reference Units (ADIRUSs). The integration of these systems is vital for
the Primary Flight Display (PFD) and Navigation Display (ND). Understanding the failure modes of these
instruments is a primary requirement for any professional pilot.

Flight Management and Digital Architecture

The 737 NG introduced the Common Display System (CDS), which replaced traditional round-dial instruments
with six liquid crystal displays. The 737 MAX evolved this further into the Display System (DS), mirroring the 787



Dreamliner’s layout. This evolution required a significant change in how pilots process information. The MRG
provides specific guidance on Instrument Display Failures, such as the 'Display Unit (DU) Blanking' scenario,
where the pilot must identify if the failure is in the DU itself or the underlying Display Electronic Unit (DEU).

The Role of the FCC and MCAS

In the 737 MAX, the flight control logic was updated to include MCAS. Technically, MCAS was designed to provide

a 'linear' feel to the control column at high angles of attack. It operates by receiving input from a single Angle of
Attack (AOA) sensor and, if the logic threshold is met, commands the horizontal stabilizer to trim 'nose down.' The
technical failure of this system, often due to sensor misalignment or software logic flaws, highlighted the necessity
for pilots to understand the Stabilizer Trim Cutout procedure—a core topic in the MRG's non-normal management
section.

Managing Non-Normal Operations: A Procedural Workflow

When a system failure occurs, the crew must follow a disciplined workflow. The MRG advocates for a structured
approach that goes beyond the initial memory items. This workflow can be summarized as follows:

Fly the Aircraft: Maintain basic flight parameters (Pitch, Power, Configuration).
Identify the Failure: Use all available indications (Annunciator lights, PFD flags, EICAS messages).
Execute Memory Items: Perform time-critical actions without delay.
Consult the QRH: Follow the prescribed checklist for the specific failure.

5. Apply MRG Management Advice: Evaluate the impact on landing performance, weather requirements, and
passenger safety.

6. Review and Update: Continuously monitor the situation for changes (FORDEC or DODAR models).
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Case Study: Dual Engine Failure and the MRG

While extremely rare, a dual engine failure represents the ultimate challenge in B737 management. The MRG
analyzes the technical aspects of the APU (Auxiliary Power Unit) start envelope and the electrical power
distribution during such an event. It emphasizes that while the QRH focuses on the restart attempt, the MRG
focuses on Energy Management—calculating the glide distance and identifying the most suitable landing site
using the FMS 'Fix' page or visual references. This level of depth is what distinguishes a proficient pilot from a
technician.

Engineering Ethics and Management Failures: The 737 MAX Lessons

The 737 MAX crisis was not merely a failure of technology but a failure of Management and Engineering Ethics.
Academic research, including papers by J. Herkert (2020) and MA Cusumano (2020), points toward a systemic
breakdown in the certification process. The pressure to compete with the A320neo led to the decision to categorize
the MAX as a 'minor update' to the NG, which allowed Boeing to avoid extensive simulator training requirements for
pilots.

The Impact of 'Silent’ Systems

One of the most significant ethical and technical critiques was the decision to keep the MCAS system 'silent'—
omitting its mention in the pilot manuals. This meant that when the system malfunctioned due to faulty AOA data,
crews were fighting a system they didn't know existed. The MRG now includes extensive notes on these systems,
ensuring that transparency in technical documentation is restored where official manuals may have previously been
lacking.



Ethical Concern Engineering/Management Decision Safety Implication

Redundancy Single AOA sensor input for MCAS High risk of Single Point of Failure
(SPOF)
Transparency Omission of MCAS from FCOM Pilot lack of situational awareness

during failure

Certification Self-regulation/Delegated Oversight Inadequate safety auditing by
regulatory bodies

Training Minimizing simulator requirements Ineffective pilot response to runaway
trim scenarios

Maintenance and Certification: EASA and FAA Standards

The Boeing 737 remains subject to rigorous certification standards. The Type-Certificate Data Sheet (TCDS)
issued by EASA and the FAA defines the operating envelope, weight limits, and required equipment for every
variant. For the 737-800BCF, the certification involves validating the structural integrity of the main deck cargo door
and the reinforced floor. The MRG provides technical insights into these freighter conversions, specifically

regarding Weight and Balancemanagement and the unique fire suppression systems required for cargo
operations.

The Role of the ADIRU and SAARU

In the avionics architecture, the Air Data Inertial Reference Unit (ADIRU)is the brain of the navigation system.
On the 737 NG, there are two ADIRUSs. In the event of a failure, the MRG explains the 'Switching Logic'—how to
transfer data sources to ensure the autopilot and flight director remain functional. On the MAX, additional layers of
redundancy were added post-grounding, including the cross-checking of AOA sensors, a procedure that is now a
mandatory part of pilot proficiency checks.

Practical Implementation: A Field Guide for Pilots

To effectively use the B737 Management Reference Guide in a real-world environment, pilots should integrate its
lessons into their pre-flight and in-flight routines. The following checklist is designed for professional aviators
seeking to enhance their technical mastery.

e Pre-Flight Study: Review the MRG notes for any known deferred maintenance items (MEL/CDL).

 Briefing Integration: Include 'Management Advise' from the MRG during the departure and arrival briefings,
specifically for high-terrain or adverse weather environments.

e Simulator Prep: Use the MRG to explore 'Complex Non-Normals'—scenarios involving multiple system
failures that are not fully addressed in the standard QRH.

¢ Post-Flight Review: If a technical anomaly occurred, cross-reference the symptoms with the MRG to
understand the underlying system behavior.

Troubleshooting Common Operational Challenges

One common challenge in the 737 is the 'Feel Diff Press'light. While the QRH provides a simple checklist, the
MRG delves into the technical causes—often a discrepancy between the A and B hydraulic system pressures or a
failure in the Pitot-Static inputs to the elevator feel computer. Understanding this allows the crew to anticipate
changes in control column forces during the flare, leading to a safer landing.



Synthesizing Technical Mastery and Operational Safety

The Boeing 737 is a masterpiece of engineering, but its safe operation relies on a symbiotic relationship between
the machine, the pilot, and the technical documentation that bridges them. The evolution from the NG to the MAX
has shown that technical innovation must always be balanced with transparent management and rigorous
engineering ethics. The Management Reference Guidestands as a testament to the importance of specialized
knowledge in the aviation industry.

By providing technical notes on over 300 non-normals and offering management strategies that go beyond the
basic checklists, the MRG empowers pilots to handle the unexpected with confidence. Whether it is managing a
737-800BCF on a night cargo run or navigating the advanced glass cockpit of a 737-8 MAX, the principles of
technical understanding and disciplined management remain the same. The lessons learned from the MAX crisis,
combined with the deep technical insights found in resources like the MRG, continue to shape the future of
aviation, ensuring that the Boeing 737 remains a safe and reliable workhorse for decades to come.

In the final analysis, flight safety is not achieved by technology alone, but by the pilot's ability to interpret that
technology, manage its failures, and make informed decisions based on a comprehensive understanding of the
aircraft's systems. The B737 MRG remains the gold standard for achieving this level of professional excellence in
the cockpit.
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