AVIATION ENGINEERING FLIGHT OPERATIONS

Comprehensive Management of Boeing 737 NG Systems
and Non-Normal Operations: A Technical Deep Dive
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The Boeing 737 Next Generation (NG) family, encompassing the -600, -700, -800, and -900 series, represents one
of the most successful and technically sophisticated chapters in commercial aviation history. For professional airline
pilots and simulator instructors, mastering this airframe requires more than just a cursory understanding of the
standard operating procedures (SOPs). It demands a deep, granular knowledge of system architecture, inter-
system dependencies, and the nuanced management of non-normal situations. This is where the Management
Reference Guide (MRG), pioneered by Captain Pat Boone, becomes an indispensable asset. With over 30 years
of operational experience and 20,000 flight hours distilled into its pages, the MRG serves as the definitive technical
bridge between the manufacturer’s Quick Reference Handbook (QRH) and the practical realities of the cockpit.

The Theoretical Framework of B737 NG Systems Architecture

To manage a Boeing 737 NG effectively, one must first comprehend the underlying philosophy of its design. Unlike
the more automated, fly-by-wire philosophy of its competitors, the 737 NG maintains a significant degree of
mechanical linkage complemented by sophisticated electronic control systems. This hybrid approach ensures high
reliability but requires the pilot to be an active manager of the aircraft's physical state.

Flight Control Systems and Redundancy

The primary flight controls of the B737 NG consist of elevators, ailerons, and a rudder. These are typically powered
by two independent hydraulic systems: System A and System B. In the event of a total hydraulic failure, the aircraft
utilizes a Manual Reversionmode, where the pilot's physical input directly moves the control surfaces via cables
and tabs. This design feature is a cornerstone of the 737's safety profile, ensuring controllability even under
catastrophic system loss.

e System A: Powers the inboard spoilers, ground spoilers, and the number one thrust reverser.
« System B: Powers the outboard spoilers, leading edge flaps, and the number two thrust reverser.
e Standby System: A critical backup for the rudder and leading edge devices if both main systems fail.

Electrical Power Distribution

The electrical system is designed for maximum isolation and redundancy. The primary power sources are two
Integrated Drive Generators (IDGs), one on each engine, and one Auxiliary Power Unit (APU)generator. The
system utilizes an "Automatic Bus Transfer" logic that prevents the loss of power to critical flight instruments during
an engine failure. Understanding the bus tie system and the conditions under which a generator will disconnect is
vital for managing smoke or fire scenarios where electrical isolation is required.

Technical Analysis of the B737 Management Reference Guide (MRG)

The MRG is not merely a checklist; it is an analytical tool. While the QRH provides the "How-To" for immediate
recovery, the MRG provides the "Why" and the "What Else." It covers over 300 non-normal scenarios,  providing
technical notes that explain the knock-on effects of specific failures across multiple systems.

System Integration and Management Philosophy



A primary challenge in the B737 NG is that a single component failure often manifests in seemingly unrelated
systems. For example, a failure in the Bleed Air System doesn't just affect cabin pressurization; it can impact the
Anti-lce System and engine performance. The MRG methodology encourages pilots to use the DODAR

(Diagnose, Options, Decide, Act, Review) or FORDECmodels to process these complexities. By understanding the
root cause, a pilot can anticipate whether a hydraulic leak will eventually lead to a gear extension problem or a loss
of braking capability.

Quantitative Comparison of B737 NG Variants

The following table illustrates the operational differences across the NG family, which a manager-pilot must account
for during performance planning and non-normal weight calculations.



Feature / Metric B737-600 B737-700 B737-800 B737-900ER

Max Takeoff Weight 66,000 kg 70,080 kg 79,010 kg 85,130 kg

(MTOW)

Typical Seating 110 126 - 149 162 - 189 180 - 215

Range (nautical 3,235 nm 3,010 nm 2,935 nm 2,700 nm

miles)

Engine Model CFM56-7B18 CFM56-7B22 CFM56-7B26 CFM56-7B27

Wingtip Design Blended Winglets Blended Winglets Blended/Split Split Scimitar (Opt)
(Opt) Scimitar

Procedural Execution: Managing the 'Non-Normal'

When an amber caution light illuminates or a master caution sounds, the B737 manager must execute a disciplined
response. The MRG provides a framework for this execution that goes beyond the standard Boeing Non-Normal
Checklist (NNC).

Step-by-Step Response to Engine Failure at V1

1. Initial Response: Maintain directional control with the rudder; rotate at Vr to 12-13 degrees of pitch.

2. Verification: Confirm positive rate of climb and retract gear. Do not rush to the QRH,; fly the aircraft first.

3. Stabilization: At the engine-out acceleration height (typically 1,000ft AGL), level off, accelerate, and retract
flaps on schedule.

4. MRG Integration: Once the QRH is complete, refer to the MRG to assess the Technical Notes. For instance,
check the impact of the lost engine on hydraulic pressure (if the Engine Driven Pump failed) and the resulting
impact on landing distance with reduced spoiler availability.

5. Decision Making: Determine the suitability of the nearest airport based on weather, runway length, and
technical status (e.g., Cat ll/lll capability might be lost).

Mathematical Models for Flight Management

Management of the 737 NG often requires calculating V-speeds and Landing Distance Required (LDR)based

on environmental variables. The formula for corrected landing distance in a non-normal configuration typically
follows:

LDR = Base Distance x (Weight Factor) x (Altitude Factor) x (Wind Factor) x (Slope Factor) x (Temperature
Factor)

The MRG provides pre-calculated matrices that allow pilots to quickly estimate these values without resorting to
complex manual arithmetic during high-workload phases, ensuring that the safety margin (typically 15% for
dispatch) is always maintained.

Case Study: Loss of System B Hydraulics

Consider a scenario where a B737-800 experiences a total loss of System B fluid due to a cracked line in the wheel
well. While the QRH provides the "Loss of System B" checklist, the MRG identifies the following critical
management points:



¢ Flight Controls: Outboard spoilers are lost. Roll response will be slower. The Yaw Damper is lost; the pilot
must be prepared for increased Dutch Roll susceptibility.

e Landing Gear: Normal retraction is available via System A, but the Landing Gear Transfer Unit will not
function. If System B was lost during gear extension, manual gear extension may be required.

e Braking: Normal brakes are lost. The aircraft automatically switches to Alternate Brakes powered by System
A. Antiskid is still available, but Autobrake is lost. The pilot must plan for manual braking and potentially longer
landing rolls.

e Leading Edge Devices: These will extend slowly using the Standby System. Expect a longer time for the "LE
FLAPS EXT" light to transition from amber to green.

Field Guide to Cockpit Management and CRM

The technical aspects of the Boeing 737 are only half of the equation. The MRG emphasizes the importance of
Crew Resource Management (CRM). In a non-normal situation, the Pilot Flying (PF) must remain focused on the
flight path, while the Pilot Monitoring (PM) handles the checklists and communications. The MRG acts as a "third
crew member," providing data-backed advice that helps resolve disagreements between crew members or between
the crew and dispatch.

Common Errors in 737 Management

e Over-reliance on Automation: Failing to revert to manual flight when the Autopilot or Autothrottle behaves
erratically (e.g., during a dual-channel approach with an engine failure).

¢ Checklist Tunnel Vision: Completing the NNC but failing to look at the "big picture" (e.g., forgetting to check
the status of the alternate electrical sources).

¢ Inadequate Fuel Management: Not accounting for the increased fuel burn associated with flying at lower
altitudes (due to pressurization issues) or with gear/flaps extended.

Strategic Implications of the MRG for Professional Training

The use of the B737 Management Reference Guide has transformed how simulator sessions and line checks are
conducted. It shifts the focus from rote memorization to systems proficiency and situational awareness. By
studying the MRG, pilots move from being mere operators to being technical managers of the aircraft. This depth of
knowledge is particularly critical in an era where cockpit automation is increasing, yet the ultimate responsibility for
the safety of the flight remains with the human pilot.

The B737 NG remains a workhorse of the global aviation industry. Its longevity is a testament to its robust design
and the skill of the pilots who fly it. Tools like the MRG ensure that these pilots have access to the highest quality
technical data, allowing them to navigate the complexities of modern flight operations with confidence and
precision. Whether dealing with a simple sensor failure or a complex multiple-system malfunction, the principles of
technical management outlined in the MRG provide a clear path toward a safe and professional outcome. As the
industry evolves toward the 737 MAX, the lessons learned and the management methodologies developed for the
NG series will continue to serve as the foundation for future generations of aviators.
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¢ Mastering the Airbus A320 Manual Engine Start: A Technical Guide for Flight Operations

URL: http://alaskawriters.com/a320-engine-manual-start-technical-guide.pdf
¢ Mastering the Boeing 737 Technical Ecosystem: A Comprehensive Guide to FCOM, FCTM, and
Operational Documentation

URL: http://alaskawriters.com/boeing-737-fcom-fctm-technical-guide.pdf

* Mastering the Boeing 737 Quick Reference Handbook (QRH): A Comprehensive Guide to Aviation Safety

and Procedural Excellence
URL: http://alaskawriters.com/mastering-boeing-737-qrh-procedural-guide.pdf
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