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The Boeing 747-400, colloquially known as the \"Queen of the Skies,\" represents one of the most significant leaps 

in aviation technology, transitioning from the analog cockpits of the 100, 200, and 300 series to a fully integrated 

digital flight deck. For a Senior Technical Writer or a Flight Operations Specialist, understanding the Normal 

Procedures Checklistis not merely about following a list of steps; it is about comprehending the complex

interaction between the flight crew, the Flight Management System (FMS), and the aircraft's redundant mechanical

systems. This guide provides an in-depth technical analysis of these procedures, ensuring operational safety and

efficiency.

The Theoretical Framework of Normal Procedures

Normal procedures in high-performance transport category aircraft are designed to ensure that the aircraft is 

configured correctly for every phase of flight. The 747-400 utilizes a \"Dark Cockpit\" philosophy. In this design

paradigm, if a switch is in its normal operational position, the overhead panel lights remain extinguished. Any

illuminated light (amber or red) signifies a condition requiring crew attention or an unconventional configuration.

Phase-Based Operational Logic

The operational lifecycle of a 747-400 flight is divided into discrete phases, each governed by specific checklists. 

These checklists are executed using either the \"Challenge-Response\" method (where one pilot reads the item 

and the other verifies and responds) or the \"Do-Verify\"method (where flows are performed from memory and

then verified against the printed checklist).

•  Pre-Flight / Safety Check: Ensuring the aircraft is structurally sound and powered for systems initialization.

•  Before Start: Configuring the fuel, hydraulics, and pressurized systems for engine ignition.

•  Taxi/Takeoff: Managing aerodynamic surfaces and thrust parameters.

•  In-Flight: Continuous monitoring of fuel cross-feed, environmental controls, and navigation accuracy.

•  Approach/Landing: Configuration of high-lift devices and braking systems.

Technical Analysis: The Power-Up and Safety Check

The initial phase of preparing the 747-400 involves the Safety Check. This procedure is critical when the aircraft is

in a \"Cold and Dark\" state. The primary objective is to establish a stable electrical supply and ensure that fire

protection systems are operational before any other systems are energized.

Electrical System Initialization

When the crew enters the cockpit, the first action is typically the Battery Master Switchto ON. This energizes the

Standby Bus. However, the 747-400's primary systems require AC power, usually provided by the Auxiliary Power

Unit (APU) or External Power (Ground Power Unit). The sequence is as follows:

1.  Battery Switch: ON (Guarded).

2.  Standby Power: AUTO.



3.  External Power: AVAIL/ON (if connected).

4.  APU Start: Initiated if external power is unavailable.

Fire Detection and Safety Verification

As noted in technical documentation, the Fire Detection Panelmust be checked after a stabilization period

(usually 2 minutes after power-up). The flight crew verifies the integrity of the loops for the four Pratt & Whitney

PW4000 or GE CF6-80C2 engines, the APU, and the cargo holds. A failure in these tests constitutes a \"No-Go\"

condition.

The Core Mechanics of Pre-Flight Procedures

Once the aircraft is powered, the Flight Management System (FMS) becomes the central focus. The FMS on the 

747-400 consists of two Flight Management Computers (FMCs) and a Control Display Unit (CDU). Proper 

initialization of the Inertial Reference System (IRS) is paramount.

IRS Alignment and Navigation Logic

The IRS requires the aircraft to remain stationary for approximately 10 minutes (at mid-latitudes) to align its

gyroscopes and accelerometers with the Earth's rotational axis and local vertical. This provides the FMS with

precise position, heading, and attitude data. Without a successful IRS alignment, the Electronic Flight Instrument

System (EFIS) cannot display accurate primary flight data.



Procedure Step Action Required System Affected Technical Significance

IRS Selectors OFF to NAV Inertial Reference System Starts alignment sequence 
using GPS or Last Position 
data.

FMC LSK R1 ENTER POS Flight Management 
Computer

Defines the physical 
coordinates for the 
navigation database.

Fuel Pumps ON / Check PRESS Fuel System Ensures positive pressure 
to the APU and engine 
manifolds.

Hydraulic Demand Pumps OFF / AUTO Hydraulic System Configures pumps 1-4 for 
pressure demand during 
engine start.

Detailed Checklist: Before Start to Taxi

The transition from the gate to the taxiway involves a rigorous Before Start Checklist. This ensures the aircraft is

sealed and ready for the massive energy release required for engine ignition.

Hydraulic and Pneumatic Configuration

The 747-400 utilizes four independent hydraulic systems. System 4 is unique as it provides pressure for the 

outboard trailing edge flaps and the normal braking system. During the Before Start flow, the Electric Demand

Pumps are checked to ensure they can sustain pressure if the engine-driven pumps (EDPs) are not yet active.

Engine Start Sequence (Auto-Start)

One of the 747-400's advancements is the FADEC (Full Authority Digital Engine Control)which manages the

auto-start sequence. The crew simply pulls the start switch and moves the fuel control lever to RUN. The FADEC

monitors for:

•  Hot Starts: EGT exceeding limits.

•  Hung Starts: N2 failing to reach idle speeds.

•  No Ignition: Failure of the igniters to light the fuel-air mixture.

Comparative Analysis: 747-400 vs. Variants

Understanding the procedural differences between the 747-400 and its predecessors/successors highlights why

specific checklist items exist. The 747-400 removed the need for a Flight Engineer (FE), moving most of the FE's

tasks to automated systems or the overhead panel for the pilots.



Feature 747-200 (Classic) 747-400 (Digital) 747-8 (Advanced)

Crew Complement 3 (Capt, FO, FE) 2 (Capt, FO) 2 (Capt, FO)

Cockpit Display Analog Gauges 6 CRT/LCD Screens Large LCD Screens

Flap Control Mechanical/Pneumatic Electronic/Hydraulic Fly-By-Wire (Outboard)

FMS Integration Basic/None Fully Integrated Next-Gen FMS w/ LNAV/
VNAV

Performance Metrics and Mathematical Logic

A significant part of the Before Takeoff Checklist involves verifying performance data. This includes calculating V-

speeds (V1, Vr, V2). These speeds are derived from the aircraft's Gross Weight (GW), Outside Air Temperature

(OAT), and Pressure Altitude.

The V-Speed Calculation Model

While the FMC calculates these automatically, pilots must verify them using QRH (Quick Reference Handbook)

tables. The logic follows the general principle:

V2 "H 1.2 × Vs (Stall Speed)

For a Boeing 747-400 at a Maximum Takeoff Weight (MTOW) of approximately 875,000 lbs (396,890 kg), the V2

speed typically ranges between 160 to 180 knots depending on the flap configuration (Flaps 10 or Flaps 20).

Operational Guide: Post-Takeoff and Climb

Once the aircraft has departed and a positive rate of climb is established, the After Takeoff Checklist is

performed. This is a silent flow designed to clean up the aircraft's aerodynamic profile.

Automated Flight Transitions

The transition from manual flight to autopilot (A/P) usually occurs at or above 400 feet AGL. The crew engages 

LNAV (Lateral Navigation) and VNAV (Vertical Navigation). VNAV is particularly complex, as it calculates the 

most efficient climb profile based on the Cost Index (CI). A higher CI tells the FMC to prioritize speed over fuel

economy, while a lower CI optimizes for minimum fuel burn.

Technical Challenges and Troubleshooting

Even with robust normal procedures, technical anomalies can occur. The EICAS (Engine Indication and Crew 

Alerting System)provides the interface for troubleshooting. Normal procedures often include a review of EICAS

messages to ensure no \"status\" messages are present that could affect the safety of the flight.

Common Procedural Failure Modes

•  IRS Drift: If the IRS is not properly aligned or the aircraft is moved during alignment, the navigation display 

(ND) will show a \"MAP SHIFT.\" The solution involves updating the position via GPS or radio navaids.

•  Hydraulic Quantity Low: Often seen during cold weather operations due to fluid contraction. Crews must 

monitor if the quantity stabilizes after system warm-up.

•  FMC Route Discontinuity: A common error during flight planning where the airway segments do not connect. 



The crew must manually close the gap to ensure the autopilot follows the intended path.

Summary of Structural Integrity and Operational Safety

The Boeing 747-400's normal procedures are a masterpiece of aerospace engineering and human factors design. 

By condensing thousands of complex mechanical and electronic interactions into a series of logical, phase-based 

checklists, Boeing has maintained the 747's reputation as a reliable and safe long-haul workhorse. From the initial 

Safety Check to the final Secure Checklist, each step is designed with redundancy in mind.

For operators, the key to success lies in the strict adherence to these flows. The Normal Procedures Checklistis

not just a reminder; it is the final barrier against human error. As the aviation industry moves toward even more

automated systems in aircraft like the 787 and 777X, the procedural foundations laid by the 747-400 continue to

serve as the industry standard for professional flight operations. Mastery of these procedures ensures that the

\"Queen of the Skies\" continues to operate at the peak of its aerodynamic and technical capability, bridging

continents with unparalleled reliability.
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