
Engine Performance Models in Modern Flight Management Systems 

Overview 

Flight Management Systems (FMS) in modern airliners contain sophisticated performance 

functions that model both the airframe and the engines. The aero engine model is a core part 

of the FMS performance database, incorporating data on engine thrust, fuel burn, and 

operating limits across the flight envelope. In essence, the FMS uses this engine model to 

predict and optimize how the aircraft’s engines will perform in various conditions, enabling 

accurate computation of thrust settings, fuel flow, and optimal flight profiles from takeoff to 

landing. 

Thrust and Fuel Modeling Across All Phases 

An FMS continually calculates the required engine thrust and fuel usage for each phase of flight, 

using the engine model to ensure accuracy. It integrates the aircraft and engine data to simulate 

performance through all flight phases – from the high-power climb after takeoff to the efficient 

cruise and low-thrust descent. Key parameters like available thrust and fuel flow are modeled as 

functions of engine settings and conditions, so the FMS can determine how quickly the aircraft 

can climb or how far it can cruise on a given amount of fuel. Fuel flow, and therefore the 

aircraft’s weight change over time, is calculated as a function of engine thrust, allowing the FMS 

to predict fuel burn and update remaining fuel estimates constantly. This phase-by-phase 

modeling ensures the FMS can advise optimal vertical profiles (altitudes and speeds) and 

manage engine power for each segment of the journey. 

• Takeoff: The FMS uses the engine model to compute takeoff thrust targets and takeoff 

safety speeds (V1, VR, V2) appropriate for the runway length, aircraft weight, and engine 

power available. It ensures the engines operate within certified limits while achieving 

the required performance for a safe liftoff. 

• Climb: As the aircraft ascends, the engine model provides the climb thrust limit based 

on altitude and temperature, so the FMS can command climb power after takeoff. It 

calculates how fast the aircraft can climb given the diminishing thrust at higher altitudes 

and guides the pilots or autothrottle to maintain an efficient climb speed (often using a 

cost index or predefined schedule). 

• Cruise: During cruise, the FMS engine model is critical for fuel management. It calculates 

fuel flow at cruise thrust and helps determine the optimal cruise altitude and speed for 

efficiency. For instance, it can suggest step climbs when weight reduces, and it computes 

the optimal ECON (economic) speed that balances time and fuel per the airline’s cost 

index policy. Accurate engine modeling ensures predictions of fuel remaining at 

destination are reliable. 
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• Descent: The engine model allows the FMS to plan an idle-thrust descent path, 

minimizing fuel burn. It knows the idle thrust at various altitudes, enabling Top of 

Descent calculation so that the aircraft can essentially “glide” down at near idle power. 

This not only saves fuel but also helps meet required arrival constraints. The FMS also 

anticipates the need for added thrust if leveling off or tailwinds change, preventing 

surprises. 

• Landing and Go-Around: For approach and landing, the engine model supports setting 

appropriate approach thrust (taking into account configuration like flaps/gear). In a go-

around (an emergency climb), the FMS references the takeoff/go-around thrust setting 

from the engine model to provide maximum safe thrust promptly. It also factors in 

engine spool-up time and any limits so that a go-around can be flown safely. 

Manufacturer Data and Environmental Factors 

The engine model within the FMS is built on detailed performance data provided by the engine 

manufacturers. Each engine type (e.g. CFM56, LEAP-1A, Rolls-Royce Trent 700) has unique 

thrust curves, fuel burn characteristics, and operating limits. The FMS’s performance database is 

customized for the specific aircraft and engine combination, containing tables or equations for 

thrust and fuel flow under various conditions. This means a Boeing or Airbus jet equipped with 

different engines will have a tailored engine model: for example, a 737 or A320 with CFM56 

engines versus an Airbus A330 with Trent 700 engines each use data calibrated to those 

engines’ performance. 

Critically, the FMS engine model adapts to environmental variables like altitude, air 

temperature, and pressure. Thrust available changes with altitude and temperature, and the 

FMS accounts for this using the manufacturer’s performance data. Engine makers specify thrust 

limits for each phase (takeoff, climb, cruise, etc.) and how those limits vary with outside air 

temperature (OAT) and air density. For instance, on a hot day or at a high-elevation airport, the 

engine’s maximum thrust is reduced; the FMS automatically uses the correct reduced thrust 

value from its model. It computes phase-specific thrust ceilings based on current conditions 

(often using curve sets of engine pressure ratio or fan speed vs. temperature/altitude). The 

model also adjusts for bleed air usage (e.g., engine power diverted to air conditioning or anti-

ice), which can affect available thrust – these effects are included via correction factors in the 

engine data. By using real-time sensor inputs (ambient temperature, altitude, Mach speed) 

together with the stored engine performance tables, the FMS continuously refines its thrust and 

fuel predictions to reflect the actual environment. This ensures the engine model’s outputs are 

accurate whether the aircraft is at sea level on a cool day or cruising at 35,000 feet in thin air. 
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Integration with FMS and Other Systems 

Within the FMS architecture, the engine model’s outputs feed into various functions. The 

performance management function uses the engine model along with the aerodynamic model 

(airframe drag/lift) to perform trajectory predictions – essentially simulating the flight path 

ahead in small steps. At each step, it uses the engine thrust and fuel flow data to compute how 

far the aircraft will travel, how much altitude it gains or loses, how long it takes, and how much 

fuel is burned. These calculations drive the FMS’s vertical navigation (VNAV) guidance. For 

example, the VNAV function uses engine model data to decide when to reduce from takeoff 

power to climb power, when to begin descent, or what climb rate to expect. The FMS will issue 

thrust commands (or targets) to the autothrottle based on this model – such as setting climb 

thrust, idle thrust, or cruise power – so that the actual engines follow the optimized profile. In 

essence, the engine model bridges the gap between the autopilot/autothrottle systems and the 

desired trajectory: the FMS computes what thrust or speed is needed, and the autothrottle or 

pilot then adjusts power accordingly. 

The engine model also integrates with flight planning functions. Pilots input route, altitudes, 

payload, and winds; the FMS then uses the engine and airframe models to compute predicted 

fuel at each waypoint and the estimated time of arrival. These predictions appear on cockpit 

displays (like the FMS progress page or multi-function display), giving the crew situational 

awareness. If the engine model predicts higher fuel burn due to, say, stronger headwinds or an 

inefficient altitude, the FMS might suggest a different altitude or speed. The model is also used 

in conjunction with cost index (a parameter airlines set to optimize cost) – by knowing how fuel 

burn increases with speed, the FMS can calculate an ECON speed that minimizes cost. All of this 

showcases how the engine model’s information flows throughout the FMS: from performance 

prediction algorithms to guidance cues and interface readouts. It even supports contingency 

calculations, such as engine-out performance: if an engine fails, the FMS can recompute climb 

capability and drift-down altitude using the remaining engines’ data. 

Supporting Fuel Efficiency, Safety, and Compliance 

A well-calibrated engine model in the FMS directly contributes to more efficient and safer 

operations. Fuel efficiency is enhanced because the FMS can precisely manage engine usage. It 

finds the optimal balance between speed and fuel burn – for instance, using a higher altitude or 

slightly slower speed to save fuel when feasible, or planning a continuous descent approach to 

idle the engines as long as possible. These optimized profiles, enabled by accurate engine fuel 

flow modeling, translate to significant fuel savings over time. Airlines rely on FMS predictions to 

minimize extra fuel carriage; by trusting the FMS’s fuel calculations, they can avoid loading 

unnecessary fuel (which adds weight and increases consumption). Modern FMS features even 

include advising pilots on steps like cruise speed changes or step climbs for best fuel economy. 
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In one example, an FMS using an updated engine model can compute Cost Index (ECON) speeds 

that meet the airline’s cost goals while conserving fuel. Thus, the engine model underpins the 

FMS’s ability to fly green and cost-effective profiles. 

From a safety and regulatory standpoint, the engine model ensures compliance with 

performance requirements. It keeps the aircraft within engine operating limits – never asking 

for more thrust than the engines can safely deliver given the altitude/temperature. Engine 

thrust limit data from manufacturers (for takeoff, go-around, continuous operation, etc.) are 

built-in, so the FMS will not plan a climb that exceeds what the engines can do reliably. This is 

crucial for meeting climb gradient requirements on departures and engine-out procedures; the 

FMS can calculate if the aircraft can still clear obstacles after an engine failure by using the 

engine-out thrust model. Additionally, the FMS helps with regulatory compliance in areas like 

noise abatement and emissions. For noise reduction, many departures require reduced thrust 

takeoffs and specific climb profiles – the FMS engine model facilitates this by computing a 

flexible thrust setting (assumed temperature or derate) that provides just enough thrust for 

takeoff while lowering noise and engine stress. It also strictly observes time limits on high thrust 

(for example, limiting takeoff power to a few minutes) per certification constraints. On the 

emissions side, improved fuel efficiency inherently means lower CO₂ output, helping airlines 

meet environmental regulations. Moreover, accurate fuel monitoring via the FMS engine model 

ensures compliance with fuel reserve requirements: the crew is alerted early if predicted fuel at 

destination would be below reserves, allowing for safe diversions. In sum, by precisely modeling 

engine behavior, the FMS supports operational safety margins and adherence to rules, from 

engine limits to fuel and noise regulations. 

Importance in Modern Operations and Future Trends 

In today’s commercial aviation, the FMS engine model is indispensable for managing the 

complex interplay between performance and economy. Virtually all modern Boeing and Airbus 

aircraft leverage these models to allow two pilots to safely and efficiently operate large airliners 

on long journeys. For example, a Boeing 737 or Airbus A320 using the CFM56 engine benefits 

from an FMS that “knows” that engine’s fuel burn and thrust capability, just as an Airbus A330’s 

FMS is tuned to the Rolls-Royce Trent 700 powering it. This tailoring is vital – it means the airline 

can trust the FMS to guide the flight optimally for that specific jet and engine combination. The 

advent of newer engine families (like the CFM LEAP-1A on the A320neo and LEAP-1B on the 737 

MAX) brings even greater efficiency, and FMS engine models have evolved accordingly. These 

new-generation engines have higher bypass ratios and advanced materials yielding lower fuel 

consumption, which the FMS accounts for in its calculations of cruise fuel flow and 

recommended speeds. As engine technology advances – whether through geared turbofans, 

hybrid-electric assistance, or improved thermodynamics – the role of the FMS engine model will 
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continue to grow. Future FMS might incorporate real-time engine health data or machine-

learning adjustments to refine the performance model on the fly, further improving prediction 

accuracy. 

In conclusion, the aero engine model within an FMS is the digital twin of the aircraft’s 

engines, enabling the system to anticipate how the engines will perform at every moment of 

flight. By integrating manufacturer-provided thrust and fuel burn data with live conditions, the 

FMS can plot an optimal, safe, and compliant flight trajectory. This capability drives major 

benefits in fuel efficiency (saving costs and emissions) and upholds safety by respecting engine 

limits and performance requirements. The importance of the engine model is evident in every 

phase—from calculating a takeoff roll to projecting fuel at landing—and it will only become 

more crucial as new engine technologies and operational demands emerge, ensuring that 

tomorrow’s flights are even more optimized than today’s. 
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