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Abstract

The aerospace industry in the present scenario is very 
fascinating and motivating, and is set to become an 
exciting space in the near future with innovations getting 
better day by day, and immense competition amongst 
various industry players. R&D investments in emerging 
markets are on the rise, where investments in new  
technologies form the core of aerospace growth 
strategy.

The real challenge lies in making technology more 
efficient, reliable, and advanced. In this context, 
Integrated Flight Propulsion Control (IFPC) seems to be 
intriguing and revolutionary. Also, in the business sense, 
this is a welcoming aspect since aerospace companies 
are exploring a range of opportunities to increase 
revenue, margins, and market share.

Integration of propulsion and flight control systems will 
provide significant performance improvements for 
supersonic transport airplanes. Increased engine thrust 
and reduced fuel consumption can be obtained by 
controlling engine stall margin as a function of flight and 
engine operating conditions. Improved inlet pressure 
recovery and decreased inlet drag can result from inlet 
control system integration. 

Interactions between the propulsion and flight control 
systems (FCS) of an airplane become stronger as the 
cruise Mach number increases. The integration of 
propulsion control systems and propulsion flight control 
systems has shown significantly improved aircraft 
performance parameters such as range, thrust, and rate 
of climb. When the systems are not integrated, each 
system must be able to operate in a worst case 
combination with other systems and hence large 
operating margins are required. 

Integration of systems studied by QuEST Global allows 
these margins to be reduced when the full margins are 
not required, thus resulting in higher thrust, lower fuel 
consumption, higher range, greater maneuverability, and 
better safety and reliability. The aspects of integrated 
flight propulsion control for both civil and military aircraft 
are studied.

This paper presents some preliminary thoughts on the 
control requirements for supersonic transport, identifies 
the key control integration issues, and presents some 
potentially beneficial integrated control modes, both for 
normal operations and for emergencies. In the case of 
fighter engines, the integrated control system involves 
the inlet, autopilot, auto-throttle, air-data, navigation, and 
stability augmentation systems. The thrust vectoring 
integrated flight control system provides enhanced 
maneuvering at high angles of attack.

Using propulsion system forces and moments to 
augment the flight control system and airplane stability 
can reduce the flight control surface and tail size, weight, 
and drag. Special control modes may also be desirable 
for minimizing community noise and for emergency 
procedures. In addition, an adaptive optimization 
technique called Performance Seeking Control (PSC) 
has been studied.

With this whitepaper, QuEST Global aims to 
demonstrate the incorporation of integrated flight 
propulsion control system, one of the front line 
technologies being investigated. It is seen that such 
control integration can improve performance, reduce 
environmental impact, and improve safety. The 
integration of advanced flight controls with propulsion 
system can have great impact on service transformation, 
and next-generation product development.

The need for Aircraft Flight Control Systems

Aircrafts require control systems to control the forces of 
flight, direction, and attitude during the course of flight, 
using aircraft control surfaces. These flight control 
systems establish an interaction between the pilot and 
aircraft control surfaces. The focus has always been on 
making the interaction more easy and effortless, while 
making the flying experience a whole lot better.

Aircrafts consist of primary and secondary control 
surfaces:
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Operation of primary flight control surfaces changes the 
airflow and pressure distribution over and around the 
airfoil. These changes directly affect the lift and drag 
produced by control surface

combination, and allows a pilot to control the aircraft 
about its three axes of rotation. Aircraft control system 
inputs direct the movement of control surfaces about 
three axes of rotation.

The most basic flight control system dates back to the 
18th century, consisting of a collection of mechanical 
parts such as rods, cables, pulleys, and chains to 
transmit the forces of the flight deck controls to the 
control surfaces. Modern day aircrafts use a variety of 
flight control systems. Yet an interesting fact is that the 
basic functionalities and operation of flight control 
systems till today remain the same regardless of their 
technological advancements.

Different types of flight control systems in use:

•  Mechanical flight control system
•  Hydraulic-Mechanical flight control system
•  Fly-by-wire/Electronic flight control system

• Ailerons
• Elevator 
• Rudder

Primary control Surfaces

• Horizontal and vertical stabilizer 
• Wing Flaps
• Spoilers 
• Trim Tabs
• Slats
• Winglets

Secondary control surfaces 
(Assists the primary control surfaces)

Control stick

Pulleys

Elevator

Cable Push rod

Mechanical Flight 
Control System

Hydraulic-Mechanical
Flight Control System

Fly-by-wire/Electronic 
Flight Control System

Mechanical flight control 
systems are primarily made 
up of cables, pulleys, rods, 
and chains.

It helps aircrafts recover 
during system failures and 
land safely. 

It is not advisable on large 
aircrafts as the pilot’s 
strength becomes a major 
decision factor in times of 
emergency.

These mechanical flight 
control systems cannot 
handle large stick forces.

In addition to mechanical 
flight controls, 
Hydraulic-Mechanical flight 
control systems include 
hydraulic lines, actuators, 
pumps, and a linkage 
between the hydraulic system 
and mechanical cockpit 
controls.

It makes flying less 
demanding and allows high 
loads on physically larger 
control surfaces.

In Electronic flight control 
systems, the cockpit controls 
generate electronic signals 
that are interpreted by a 
computer system and are 
then converted into outputs 
that drive the hydraulic 
system connected to the 
flight surfaces.

Engine control is also 
mediated by the FCS 
computers.

Electronic flight control 
systems should be 
fault-tolerant and fail-safe 
during the course of flight.
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Benefits of Fly-by-wire/Electronic Flight Control Systems

 •  Ability to configure system characteristics at any point  
 during the flight
•  Benefits related to aircraft performance
•  Ease of aircraft handling, reduces pilot workload

• The system ensures that the pilot doesn’t put the   
 aircraft into a state that stresses the airframe or stalls  
 the aircraft
•  Reduced maintenance costs

Aircraft Engine Control Systems and their types

The beating heart of an aircraft i.e., the engines are built 
in a large range of performances and types; it is 
compulsory to assist the engines with automatic control 
systems in order to achieve the desired performance 
and safety levels during the course of flight.

In modern day aircrafts, when engine is considered as a 
controlled object, there are a number of controlled 
parameters which in turn result in a large number of 
possible control programs in order to make the engine a 
reliable component. In most of the modern day aircrafts, 
engine fuel flow rate is used as an important parameter 
in control programs. The control system also receives a 
large number of items of real-time data about the status 

of various aircraft components and systems, and the 
conditions through which the aircraft is flying. The data 
on conditions in the engine is also transmitted to the 
aircraft.

It is impossible to assure an appropriate coordination of 
these multiple command laws, so it is compulsory to use 
some specific automatic control systems (controllers) to 
maintain the output parameters according to the desired 
range and performance.

Based on the type of engine and its performance, aircraft 
engine control systems can vary from simple hydro 
mechanical to super computing devices.

The future inclines towards a more electrical aircraft, 
backing up or replacing the hydraulic circuits feeding the 
flight control actuators with electrical power. The direct 

mechanical linkages between the cockpit controls and 
the control surfaces are removed and replaced with 
electrical signalling with direct motion commands.

Hydro Mechanical 
Engine Control

Electronic Engine 
Control

Full Authority Digital 
Electronic Control (FADEC)

Mechanical controls between 
the throttle and engines fuel 
control unit (FCU)

FCU is a hydro mechanical 
RPM governor that utilizes 
engine RPM, engine 
pressures, and temperatures 
to control engine thrust to the 
desired power setting 
selected by the pilot moving 
the throttles

The throttles must be 
adjusted as per the changes 
in temperature and 
barometric pressure/altitude 
to maintain a constant thrust

The system is an upgrade of 
the basic cable, rods, and 
hydro mechanical FCU and 
plus an electronic engine 
control

Electronic engine control will 
control the engine param-
eters to produce steady 
thrust during various courses 
of flight

It monitors multiple engine 
parameters

FADEC is an engine control 
via "fly-by-wire"/completely 
electronic

There are no mechanical 
controls between throttle and 
fuel controls

FADEC receives the 
complete set of input 
parameters based on flight 
conditions at all instances

Active health monitoring of all 
engine components
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Insights on recent advancements in Flight Control 
Systems

•  Implementation of flight control system architecture, in  
 terms of number of actuators per surface, number and  
 distribution of power sources and flight control   
 computers, primarily driven by safety considerations
•  During loss of control, the flight control actuation   
 system will be supplied from several redundant power  
 sources
•  Primary flight control actuation systems controlling 21  
 flight surfaces
• Implementation of a mix electrohydraulic (EH) and  
 electromechanical (EM) servo actuators and all   
 associated control electronics

• Electrohydraulic servo actuators with remote loop   
 closure electronics for the ailerons, flaperons, inboard  
 and outboard spoilers, elevator, and rudder
•  Usage of advanced materials and composites for   
 weight-performance optimization
•  Introduction of high lift systems to complete Flap and  
 Slat Actuation Systems
•  Adoption of two hydraulic and two electronic power  
 sources to increase power source redundancy from  
 three to four, providing further protection against   
 common failures, such as maintenance errors, which  
 may affect all the hydraulic systems
•  Towards more electric propulsion system driven IFPC

Integrated Flight Propulsion Control System

Fly-by-wire is leading the way forward and is being 
incorporated in all modern day aircrafts. With aircraft 
manufacturers showing interest in going all electric, it 
has given way to the idea of developing an integrated 
flight propulsion control system. This idea is also the 
next logical step in moving forward into the future. If 
implemented, this integration could bring in a sea of 
change in the design and development of next 
generation aircrafts.

The system is a high performance digital flight controller 
that provides fly-by-wire flight control, integrated flight 
and propulsion control, aircraft centre-of-gravity 
computation for stores and fuel contents, structural air 
loads alleviation, and superior handling performance.

A generic integrated flight propulsion control system 
consists of separate blocks for mission management, 
coupling units for optimized flight, and control logic and 
feedback systems interfaced effectively to attain the best 
possible performance throughout the flight envelope.

The key factor is the synergistic effect of digital 
computers and associated high-speed data links, engine 
condition monitoring, diagnostics, and shared power 
systems (hydraulic and electrical), thus providing 
potential improvements in reliability, life cycle cost, 
weight, and maintenance actions.

In the integrated flight propulsion control system, the 
integration control laws are developed as an off-line 
process and stored in an on-board computer for 
implementation. Also real-time optimization improves 
the performance further compared to pre-programmed 
optimization. This results in an optimum integrated flight 
propulsion control.

•  Integration of propulsion and flight control systems will  
 provide significant performance improvements for   
 supersonic transport airplanes
•  Increased engine thrust and reduced fuel    
 consumption can be obtained by controlling engine  
 stall margin as a function of flight and engine   
 operating conditions
•  Improved inlet pressure recovery and decreased inlet  
 drag can result from inlet control system integration
•  Using propulsion system forces and moments to    
 augment the flight control system and airplane   
 stability can reduce the flight control surface and tail  
 size, weight, and drag
•  Special control modes may also be desirable for   
 minimizing community noise and for emergency   
 procedures. In addition, an adaptive optimization   
 technique called performance seeking control (PSC)  
 has been studied
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When considered early in the design phase, control 
integration can result in a lighter, lower-drag, safer, and 
less expensive airplane. It is therefore a logical 
progression that the demonstrated benefits of digital 
flight control and engine control systems has instigated 
development programs that are examining the next level 
of integration – that of Integrated Flight Propulsion 
Control (IFPC).

The IFPC employed on fighter aircraft has resulted in the 
following advantages:

•  Stall free throttle transient operation
•  Increasing the ceiling altitude
•  Increasing the supersonic dash range
•  Increase in thrust
•  Faster throttle response from idle to maximum rating
•  Enhanced aircraft manoeuvrability

Conclusion

The integrated flight propulsion control system will 
ensure best-in-class operations for the next generation 
aircraft, built on optimal architecture that is sufficiently 
robust to failures so as to ensure flight safety while 
minimizing the weight of the control system. Continuous 
advancements in redundancy management, 
fault-tolerant design, health monitoring systems, and 
failure mode analysis have increased control system 
reliability and integrity.

The use of digital control systems and their ability to 
share information and act on that shared information in 
an intelligent manner allows for optimum control of the 
engine and the overall aircraft. The level of integration 
and automatization can be greatly improved through the 
integration of systems, which significantly improves the 
efficiency of the aircraft. The potential gains of integrated 

flight propulsion control have started emerging and will 
be the next generation technology, inspiring research 
activities in the years to come.

Further area of research will be the aeroservoelasticity, 
which mainly deals with the study of the interaction of 
automatic flight controls on aircrafts and aero elastic 
response and stability.

The research and development of integrated flight 
propulsion control systems is further set to bring in 
bigger collaboration and active participation among 
industry players. It will evince keen interest among all 
the segments of the aerospace industry.

Down the line, the integrated flight propulsion control 
system is set to empower the commercial aircraft 
industry and revolutionize the mode of aircraft transport.
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