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The Flight Management System (FMS) is the cognitive core of modern commercial aviation, and perhaps no
system is as iconic or as scrutinized as the one found within the Boeing 737 series. From the early legacy models

to the sophisticated Next Generation (NG) and MAX iterations, the Flight Management Computer (FMC) has
evolved from a basic navigation aid into a high-performance computational powerhouse. This article provides an
exhaustive technical analysis of the Boeing 737 FMC, specifically focusing on the hardware manufactured by
Smiths Industries(now GE Aviation), the software updates ranging from U10.0 to U10.8A, and the operational
workflows used by flight crews globally.

1. Understanding the FMS Architecture: FMC vs. CDU

It is a common misconception among novice aviators to refer to the screen and keypad in the cockpit as the "FMC."

Technically, the hardware interface used by pilots is the Control Display Unit (CDU). The FMC itself is a computer
component typically housed in the electronic equipment (EE) bay. In the Boeing 737 Next Generation (NG) aircraft,
the system consists of two FMCs and two CDUs, although they operate as a unified system to provide redundancy
and dual-channel processing.

1.1 Hardware Evolution: Legacy to NG

The transition from the 737 Classic (-300/400/500) to the 737 NG (-600/700/800/900) marked a significant leap in
processing power and memory capacity. As noted in the 737 FMC User Guideby authors like Bill Bulfer, the NG
FMC incorporates significantly more memory to handle the expanding global Navigation Database (NavData).



Feature 737 Classic (Legacy) FMC 737 NG (Next Generation) FMC

Manufacturer Smiths Industries Smiths Industries / GE Aviation

Memory Capacity Limited (Requires regional DB) Expanded (Worldwide DB capacity)

Processor Speed Standard 16-bit / early 32-bit High-speed 32-bit RISC architecture

Display Support Monochrome CRT CDU LCD CDU (Color and High Resolution)

VNAV Logic Basic path/speed descent Advanced RNP and VNAV path
smoothing

1.2The Role of the LCDCDU

Recent updates, specifically updates 1 and 2 for the LCDCDU, have replaced older cathode ray tube technology
with liquid crystal displays. These units are not merely screen upgrades; they offer better thermal management and
higher reliability. The software driving these units ensures that the tactical interface between the pilot and the
computer is seamless, providing real-time feedback on aircraft performance and navigation constraints.

2.The Navigation Database and Software Versions

The FMC relies on two primary databases to function: the Navigation Database (NavData) and the Performance
Database (PerfData). The NavData is updated every 28 days following the AIRAC cycle, containing waypoints,
airways, SIDs (Standard Instrument Departures), STARs (Standard Terminal Arrival Routes), and approach
procedures.

2.1 Software Logic (U10.0 through U10.4 and beyond)

The technical capabilities of the FMC are defined by its software version. Major updates, such as the transition from
software U10.0 to U10.4, introduced critical enhancements to LNAV (Lateral Navigation) and VNAYV (Vertical
Navigation). These updates allowed for more precise Required Navigation Performance (RNP) approaches, which
are essential for operating in terrain-challenged environments like Queenstown or Innsbruck.

e Software U10.0: Introduced enhanced GPWS (Ground Proximity Warning System) integration and improved
holding pattern logic.

« Software U10.4: Refined the VNAV speed transitions and integrated better fuel prediction algorithms based
on varying wind models.

» Software U10.8A: The current standard for many NG operators, offering optimized descent paths and ADS-B
Out integration.

3. Pre-Flight Initialization: A Step-by-Step Procedural Analysis

Programming the FMC is a high-criticality task performed during the pre-flight phase. Errors in data entry (often
called "garbage in, garbage out") can lead to significant operational deviations. The following sequence is the
industry-standard workflow for 737 pilots.

3.1 IDENT and POS INIT

The first page accessed is the IDENT page. Here, the pilot verifies the aircraft model, engine rating (e.g., 26KK),
and the validity of the NavData cycle. This is followed by POS INIT (Position Initialization), where the aircraft's



current coordinates are fed into the Inertial Reference System (IRS). Pilots typically use the GPS coordinates or
the gate coordinates provided on the airport chart for maximum accuracy.

3.2 ROUTE and LEGS

The ROUTE page defines the departure airport, destination, and the flight path. Once the route is activated and
executed, the LEGSpage becomes the primary tactical tool. The LEGS page displays every waypoint, along with
associated speed and altitude constraints. In the Smiths Industries FMC, constraints are categorized as:

1. Mandatory: e.g., 250/10000 (Exactly 250 knots at 10,000 feet).
2. Minimum (At or Above): e.g., 220/FL210A.

3. Maximum (At or Below): e.g., /5000B.

4. Window: e.g., /[FL200B FL180A.

3.3 PERF INIT and Takeoff Data

The PERF INIT (Performance Initialization) page requires inputs such as Zero Fuel Weight (ZFW), reserves, and
the Cost Index (CI). The Cost Index is a critical mathematical variable defined by the ratio of time-related costs to
fuel costs:

Cl = Cost of Time ($/hr) / Cost of Fuel (cents/Ib)

A CI of 0 results in maximum range (lowest fuel burn), while a high CI (e.g., 100 or 500) instructs the FMC to
prioritize speed to minimize flight time.

4. In-Flight Performance Management

Once airborne, the FMC transitions into its active guidance mode. The two primary modes managed by the FMC
are LNAV and VNAV.

4.1 LNAV Logic and Path Construction

LNAV calculates a "Great Circle" path between waypoints. It accounts for turn anticipation, ensuring the aircraft

rolls into a turn early enough to intercept the next leg without overshooting. The FMC continuously compares the
Actual Navigation Performance (ANP) against the Required Navigation Performance (RNP). If ANP exceeds
RNP, an alert is triggered on the CDU.

4.2 VNAV and Vertical Path Calculation

VNAV is arguably the most complex aspect of the 737 FMC. It is divided into three phases: VNAV CLB (Climb),
VNAV CRZ (Cruise), and VNAV DES (Descent). During the descent phase, the FMC calculates a Top of Descent
(T/D) point. The goal is to provide an idle-thrust descent path from the cruise altitude to the first approach
constraint, optimizing fuel efficiency.



Descent Mode Description Operational Advantage

PATH Descent FMC maintains a geometric path. Precise altitude crossing at waypoints.
Thrust varies to maintain speed.

SPEED Descent FMC maintains a specific airspeed. Useful when speed control is more
Altitude varies based on drag. critical than path.

5.Technical Comparison: FMC Software Updates

As the 737 platform aged, the software updates (often referred to as 'U-levels’) became the primary method for
adding functionality without changing the physical computer hardware in the EE bay.

5.1 Enhancements in U10.1 through U10.4

The transition to U10.4 brought about the "Quiet Climb" feature, which automatically reduces thrust at a specific
altitude to comply with noise abatement procedures. Additionally, the integration of Required Time of Arrival (RTA)
allowed the FMC to adjust speed in real-time to cross a waypoint at a exact second, a precursor to modern 4D
trajectory-based operations.

5.2 The Smiths Industries Digital Architecture

The Smiths FMC uses a bus architecture to communicate with other aircraft systems. It receives data from the Air
Data Inertial Reference System (ADIRS), the GPS, and the fuel flow sensors. It then outputs guidance commands
to the Flight Control Computer (FCC), which moves the flight surfaces via the autopilot servos. This closed-loop
system ensures that the aircraft adheres to the programmed flight path with minimal pilot intervention.

6. Troubleshooting and Common FMC Messages

During operations, the FMC monitors its own health and the aircraft's performance. When parameters deviate, the
CDU displays messages in the "scratchpad" area.

« DRAG REQUIRED: Indicates the aircraft is above the calculated VNAV path and cannot slow down or
descend fast enough with idle thrust alone. Pilot action: Extend speedbrakes.

« BUFFET MARGIN: Warns that the aircraft is flying too high for its current weight, and the margin between
high-speed buffet and low-speed stall is less than 1.3g.

¢ INSUFFICIENT FUEL: A critical warning indicating that the predicted fuel at the destination is less than the
entered reserves.

¢ FMC DISAGREE: Occurs in dual-FMC installations when the two computers calculate different positions or
paths.

7. Advanced Operational Features: Holding and Alternates

The 737 FMC simplifies complex maneuvers such as holding patterns. On the HOLDpage, pilots can define the
inbound course, turn direction, and leg time or distance. The FMC calculates the best speed for the hold (usually
the "clean" maneuver speed) to minimize fuel flow while maintaining adequate stall margins.

Furthermore, the ALTN(Alternate) page allows the crew to quickly divert. The FMC provides a list of nearby
airports from the NavData, calculating the distance, time, and predicted fuel remaining upon arrival at each
potential alternate. This feature is invaluable during emergency scenarios or weather-related diversions.



8. Summary of Technical Implications

The Boeing 737 FMC, particularly the Smiths Industries variants found in the NG series, represents a pinnacle of
20th-century avionics engineering that has been successfully adapted for 21st-century requirements. Through
continuous software iterations from U10.0 to U10.8A, the system has remained relevant, offering features like RNP
AR (Authorization Required) and advanced fuel management. For flight crews, mastering the FMC is not just about
button-pushing; it is about understanding the underlying logic of LNAV/VNAV and the performance limitations of the
aircraft. As we look toward the future, the foundation laid by these systems continues to influence the development
of the 737 MAX and future flight management architectures, emphasizing the shift toward more autonomous, data-
driven flight decks.
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