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The Boeing 737-800, a cornerstone of the Next Generation (NG) family, represents one of the most sophisticated
integrations of aeronautical engineering and digital automation. At the heart of this aircraft's operational efficiency is
the Flight Management System (FMS), primarily driven by the Flight Management Computer (FMC). This
system serves as the central brain of the aircraft, coordinating navigation, performance, and flight path optimization
to reduce pilot workload and ensure precision in every phase of flight. For technical professionals, flight simulators,
and aviation students, understanding the intricacies of the FMC is not merely a matter of operational skill but a
deep dive into the algorithmic logic that governs modern commercial aviation.

The Architecture of the 737-800 Flight Management System

The FMS on the Boeing 737-800 is an integrated system developed largely by Smiths Industries (now GE
Aviation). It consists of several key components: the Flight Management Computer (FMC) hardware, the Control
Display Unit (CDU), and the proprietary software that processes the Navigation Database (NavData) and
Performance Database (PerfData). The system is designed to provide lateral navigation (LNAV) and vertical
navigation (VNAV) guidance to the Autoflight Director System (AFDS).

The Control Display Unit (CDU)

The CDU is the primary interface between the flight crew and the FMC. In a standard 737-800 flight deck, two
CDUs are present, allowing the Captain and First Officer to input data independently or synchronously. The
interface utilizes a line select key (LSK) system, where 12 keys (6 on each side) are used to input, modify, or select
data presented on a monochrome or color CRT/LCD screen. The CDU allows for the entry of complex flight plans,
performance constraints, and real-time adjustments to the flight profile.

The Dual-FMC Configuration

In most modern 737-800 configurations, two FMCs operate in a master-slave relationship or a synchronized dual-
independent mode. This redundancy is critical for safety. If the master FMC fails, the secondary unit takes over the
navigation calculations immediately. The Flight Crew Operations Manual (FCOM) dictates that both pilots must
monitor the AFDS mode annunciatorsto ensure the FMC is commanding the correct flight path and that the FMC
flight plan remains consistent with the air traffic control (ATC) clearance.

Core Technical Mechanics: LNAV and VNAV Logic

The core utility of the FMC lies in its ability to calculate four-dimensional flight paths (latitude, longitude, altitude,
and time). This is achieved through two primary guidance modes.

Lateral Navigation (LNAV)

LNAV provides horizontal guidance along the programmed flight path. The FMC calculates the track between
waypoints, accounting for great circle distances and magnetic variation. It processes inputs from the Inertial
Reference System (IRS) and GPS(if equipped) to maintain a highly accurate position. The FMC software



continuously compares the actual position to the programmed track, generating steering commands for the
autopilot. Key technical parameters include:

e Cross-track error: The distance the aircraft is off the planned center line.

e Turn anticipation: The FMC calculates the radius of a turn based on ground speed and bank angle limits,
initiating the turn before reaching the waypoint to avoid overshooting.

* RNAV (Area Navigation) capability: Enabling the aircraft to fly any desired flight path within the coverage of
ground-based navigation aids or within the limits of self-contained system capabilities.

Vertical Navigation (VNAV)

VNAV is arguably the more complex aspect of the FMC. It manages the aircraft's pitch to maintain a specific speed
or altitude profile. VNAV is divided into several phases: VNAV Climb, VNAV Cruise, and VNAV Descent. During the
descent phase, the FMC calculates a Top of Descent (T/D) point. This point is mathematically determined based
on the Idle Descent Pathlogic, which aims to minimize fuel consumption by keeping the engines at idle while
meeting all altitude and speed constraints at downstream waypoints.

FMC Initialization and Programming: A Step-by-Step Procedure

Properly configuring the FMC before departure is critical. Failure to input accurate data can lead to "garbage in,
garbage out" scenarios, potentially resulting in performance shortfalls or navigation errors. According to Standard
Operating Procedures (SOP), the following sequence is standard:

1. IDENT Page: Verification of the aircraft model (737-800), engine rating (e.g., CFM56-7B26), and the validity
of the AIRAC (Aeronautical Information Regulation and Control) cycle.

2. POS INIT Page: Establishing the aircraft's current position. This is usually done by entering the airport ICAO
code or the gate coordinates, which are then used to align the IRS.

3. RTE (Route) Page: Entry of the departure airport, destination airport, and the flight number. The route is
entered via airways or direct waypoint-to-waypoint segments.

4. PERF INIT (Performance Initialization): This page requires the Zero Fuel Weight (ZFW), fuel reserves, cost
index, and cruise altitude. The Cost Index (CI) is a critical ratio representing the cost of time versus the cost of fuel,
which the FMC uses to calculate the most economical speeds.

5. N1 LIMIT Page: Selection of takeoff thrust ratings (e.g., TO, TO-1, or TO-2) and assumed temperature for
reduced thrust takeoffs to preserve engine life.

6. TAKEOFF Page: Entry of the takeoff flap setting and the calculation of V-speeds (V1, Vr, V2). The pilot must
also confirm the CG (Center of Gravity) to receive a trim setting.

Technical Analysis: Thrust Management and N1 Settings

The FMC communicates directly with the Electronic Engine Controller (EEC)to manage thrust. A critical feature
described in the 737-800 Quick Reference Handbook (QRH) is the manual setting of N1 bugs when the FMC is
inoperative. N1 represents the rotational speed of the low-pressure compressor and is the primary thrust indication
for the CFM56 engines.

Thrust Comparison Matrix

The following table illustrates typical thrust settings and speed targets for the 737-800 under various FMC-
managed phases:



Flight Phase FMC Guidance Mode Typical Speed / Mach Thrust Parameter

Target
Takeoff N1/ Speed V2 + 15 knots Maximum Rated or
Derated N1
Climb VNAV SPD 250 kts (below 10k) / 280 Climb Thrust (N1)
kts / .78M
Cruise VNAV PTH / SPD LRC (Long Range Variable N1 for Speed
Cruise) / .78M - .80M Maintenance
Descent VNAV PTH .78M / 280 kts / 250 kts Idle Thrust
Approach Speed Vref + Wind Correction Manual or Autothrottle
Target

Operations Manuals and Documentation Hierarchy

To operate the Boeing 737-800, flight crews rely on a structured hierarchy of documentation. The provided data
highlights several key manuals that form the backbone of technical operations:

¢ Flight Crew Operations Manual (FCOM): Detailed description of aircraft systems, including the FMC logic and
normal procedures.

¢ Quick Reference Handbook (QRH): Used for non-normal or emergency situations. It contains checklists for
scenarios such as an FMC Failure or a Dual FMC Failure.

 Flight Crew Training Manual (FCTM): Provides techniques for handling the aircraft and explains the
philosophy behind certain FMC operations.

e Standard Operating Procedures (SOP): Company-specific rules that dictate how and when to use the FMC
features (e.g., mandatory cross-checks of the CDU entries).

Comparison: Boeing 737-800 vs. Boeing 737 MAX 8 FMC Systems

While the 737-800 (NG) and the 737 MAX 8 share significant DNA, their flight management and display systems
have evolved. The MAX incorporates larger displays and updated FMC software (U13 version or higher), though
the core philosophy remains consistent to maintain a common type rating.



Feature 737-800 (Next Generation) 737 MAX 8

Display Units 6 Separate EFIS Screens 4 Large 15.1-inch LCDs

FMC Hardware Smiths Industries (Legacy/Update) Advanced Honeywell/GE Avionics

VNAV Capability Standard Path/Speed Logic Enhanced Performance Optimization

Weight & Balance Manual Entry in CDU Integrated Onboard Weight/Balance
(Optional)

Interface Standard CDU Multi-Function Display (MFD)
Integration

Practical Implementation: Programming the Descent Path

A frequent challenge for flight crews is managing a "slam dunk™ descent—where ATC requires a steeper-than-
normal descent profile. The FMC provides tools to manage this, such as the DES NOW (Descent Now) function or
Speed Intervene.

Mathematical Logic of the Descent Path

The FMC calculates the vertical path using the formula:Distance = (Current Altitude - Target Altitude) / (Gradient)
Where the gradient is influenced by the aircraft's speed and the predicted wind. If the FMC predicts the aircraft will
be high on the profile, it displays the message "DRAG REQUIRED," indicating that the pilot should deploy speed
brakes. Conversely, if the aircraft is low, the VNAV mode may transition from VNAV PTH (Path) to VNAV SPD
(Speed) to maintain the target altitude at the expense of speed or engine idle.

Troubleshooting Common FMC Anomalies

Even with high reliability, the FMC system can encounter issues. Technical writers and instructors categorize these
into software glitches, data entry errors, and hardware failures.

1. Database Mismatch

This occurs when the stored NavData does not match the actual ground-based coordinates or when the pilot
attempts to enter a waypoint that exists in multiple locations. The solution involves verifying the frequency and
identifier or using latitude/longitude coordinates to define the point manually.

2.VNAV Disconnection

VNAV often disconnects if the FMC loses a speed or altitude constraint or if the aircraft deviates too far from the
calculated path. The FCOM specifies that in these cases, the pilot should revert to Level Change (LVL CHG) or
Vertical Speed (V/S) modes while diagnosing the FMC entry error.

3."Unable Target Altitude" Message

This message appears when the FMC calculates that the aircraft cannot reach a programmed altitude constraint
given the current speed and performance limits. The solution involves increasing the descent speed in the FMC or
requesting a different routing from ATC.

The Future of Flight Management



As the aviation industry moves toward Trajectory Based Operations (TBO), the role of the FMC is expanding.
Modern updates to the 737-800 FMC systems include Required Navigation Performance (RNP) with
Authorization Required (AR), allowing the aircraft to fly curved approaches into terrain-challenged airports with
GPS-based precision. These advancements rely on the robust foundational logic established by the original Smiths
Industries FMC design.

In summary, the Boeing 737-800 FMC is a masterpiece of technical integration. From the initial POS INITto the
final touchdown, the system provides an unparalleled level of precision and safety. For operators, mastering the
FMC is not just about knowing which buttons to push; it is about understanding the underlying physics, the data
structures within the manuals, and the constant verification required to keep the aircraft safely on its path. Whether
setting N1 bugs manually during a failure or optimizing a VNAV path for fuel efficiency, the FMC remains the pilot's
most powerful tool in the flight deck.
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