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Calculating
Steering Friction:
Essential
Engineering for
Military Aircraft
Safety

The safe operation of military training aircraft

depends on precise engineering calculations

that most of us never consider. Dr Bogdan

Adrian Nicolin and Dr llie Nicolin from the
National Institute for Aerospace Research

in Romania have developed sophisticated
methods to calculate the steering friction
moment in military aircraft. This critical
engineering parameter ensures that pilots can
safely control aircraft during taxiing, take-off,
and landing — making their work essential for

both pilot training and flight safety.
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The Critical Role of Nose Landing Gear

When a military training aircraft moves along a runway, the nose
wheel must rotate smoothly to allow the pilot to steer the aircraft
effectively. This seemingly simple action involves complex physics
and engineering calculations. The friction between the tyre and
runway creates resistance that must be overcome by the steering
system. Engineers need to calculate this resistance — known as
the steering moment of friction — to design appropriate steering
actuators that can reliably control the aircraft on the ground.

Dr Bogdan Adrian Nicolin and Dr llie Nicolin from the Nationall
Institute for Aerospace Research in Romania have developed a
sophisticated mathematical approach to calculating this crucial
parameter. Their work focuses specifically on military training
aircraft like the IAR 99NG, where precise steering is essential for
pilot training and safety.

Understanding Aircraft Tyres Under Pressure

Before we can understand the steering friction calculations, we
need to grasp what happens when an aircraft tyre meets the
runway. Unlike car tyres, aircraft tyres experience extreme forces
and must withstand tremendous pressure while providing reliable
ground handling. When an aircraft’'s weight presses down on

a tyre, the tyre compresses and flattens where it contacts the

ground. This flattening creates what engineers calll a ‘contact area’

or footprint—the portion of the tyre actually touching the runway
surface.

For the IAR 99NG military training aircraft studied by the
researchers, the minimum vertical load on the nose landing
gear during taxiing is 34,335 Newtons — equivalent to the weight
of about 3.5 tonnes pressing down on a single wheel. The tyre
selected for this aircraft is an Aircraft Rib 20 x 4.4 tyre, which

experiences what engineers call tyre deflection’ — the reduction
of the tyre's radius under load. This deflection significantly affects
how the tyre interacts with the runway surface.

The Elliptical Footprint

The team explain that when an aircraft tyre is compressed
against the runway, the contact area forms an elliptical shape.
This elliptical footprint is crucial to understanding how steering
forces are distributed. The shape has been confirmed through
experimental research on aircraft tyre footprints, proving that
theoretical models align with real-world observations.

The elliptical contact area has two key dimensions: its length

(2r1) and its width (2r2). Within this ellipse, pressure is distributed
across the surface where the tyre meets the runway. This pressure
distribution, combined with the friction coefficient between the
tyre and runway, determines how much resistance the steering
system must overcome.

The Mathematical Challenge of Friction

Calculating the steering moment of friction requires sophisticated
mathematical modelling. The steering moment represents the
rotational resistance that opposes the turning action of the nose
wheel. It's essential that engineers can calculate this accurately to
ensure the steering actuators are powerful enough to overcome
this resistance in all conditions.

The researchers have developed a precise analytical method for
this calculation that accounts for the complex physics involved.
The analytical approach uses mathematical integration to sum up
all the tiny forces acting across the entire contact area between
the tyre and runway.



A Sophisticated Analytical Solution

The team'’s analytical method begins by considering an
elementary point within the elliptical contact area. At this point,
there’s a normal force pressing the tyre against the runway and a
friction force that resists motion. The elementary friction force at
any point depends on both the normal force at that location and
the coefficient of friction between the tyre and runway surface.

The steering friction moment is calculated by multiplying each
elementary friction force by its distance from the centre of
rotation. To find the total steering friction moment, the researchers
integrated these elementary moments over the entire elliptical
contact area. This integration process involves complex
mathematical techniques. For practical calculations, the team
converted this formula into a numerical approximation that can
be easily implemented in engineering software like Mathcad.

Real-World Application for Aircraft Safety

Using data from the IAR 99NG military training aircraft, the
research team applied this analytical method to calculate the
steering friction moment. With a taxiing tyre deflection of 33 mm,
contact area dimensions of 136.8 mm by 61.2 mm, and a friction
coefficient of 0.31, the analytical method yielded a steering friction
moment of 364.17 Newton-metres.

This value is crucial for designing the steering actuators. Aircraft
designers typically dimension the active moment developed by
the steering actuators to be at least 16 times greater than the
calculated resisting moment. This safety margin ensures reliable
steering performance even under adverse conditions.
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From Theory to Practice

This innovative research bridges theoretical mathematics

and practical aerospace engineering. The analytical method
developed by the team provides a highly accurate way to
calculate the steering friction moment, ensuring that military
training aircraft can be safely steered during ground operations.

The researchers point out that their analytical method can be
implemented in Mathcad, making it accessible to aerospace
engineers working on aircraft design. This computational
approach allows for precise calculations that would be tedious
or impractical to perform by hand. The team also notes that they
plan to validate their analytical method through experimental
testing in the near future. This experimental validation will provide
additional confidence in the mathematical models and further
improve the safety of military training aircraft.

Future Research Directions

The research team is currently working within the NUCLEU project,
supported by the Romanian Ministry of Education and Research, to
further advance their work on aircraft ground handling dynamics.
They aim to perform experimental validation that will compare
actual measurements with their theoretical predictions.

This research exemplifies how sophisticated mathematical
modelling contributes to aircraft safety. By precisely calculating
the steering friction moment, engineers can ensure that pilots
maintain control of their aircraft during the critical phases of
taxiing, take-off, and landing. It also has implications beyond
military training aircraft. The same mathematical principles could
be applied to commercial aircraft, potentially improving the safety
and reliability of ground operations across the aviation industry.

g ¢

By precisely calculating the
steering friction moment,
engineers can ensure that pilots
maintain control of their aircraft
during the critical phases of
taxiing, take-off, and landing.

\/ IAR NG - Front izometric view.



The Importance of Accurate Engineering

Aircraft design involves countless calculations, each
critical to the safety and performance of the final product.
The researchers’ work on steering friction moment may
seem like a specialised detail, but it represents the
meticulous approach required in aerospace engineering.
For pilots of military training aircraft, these calculations
translate into equipment they can trust. When they turn
the control wheel to steer their aircraft on the runway,
they rely on steering systems designed with these precise
calculations in mind.

This innovative analytical method ensures that when
pilots need to steer, their commands are reliably
transmitted to the nose wheel, maintaining control even
under challenging conditions. This reliability is essential
not only for normal operations but also for emergency
situations where precise control can make the difference
between safety and disaster. The team’s research reminds
us that behind every safe flight are countless hours of
engineering, mathematics, and testing — all working
together to keep aircraft and their crews secure both in
the air and on the ground.

MEET THE RESEARCHERS

@OiNncas

Dr Bogdan Adrian Nicolin
INCAS (National Institute for Aerospace
Reseorch), Bucharest, Romania

Dr Bogdan Adrian Nicolin is an Aerospace Researcher at the
National Institute for Aerospace Research in Bucharest, Romania.
He brings 15 years of professional experience, including over 8
years specialising in aircraft design, focusing on primary and
secondary structures, life support systems, environmental control
systems, and landing gear development. Dr Nicolin earned his
Doctoral degree in Industrial Engineering and Robotics from the
Polytechnic University of Bucharest (2018-2025), with research
focused on improving the performance of nose landing gear

for military training aircraft. He previously completed a Master’s
degree in Quallity in Engineering and Business Management (2012)
and a Bachelor's degree in Industrial Economics Engineering
(2010), both from the Polytechnic University of Bucharest. His
interdisciplinary background combines engineering expertise with
business and quality management principles.
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Polytechnic University of Bucharest in 1998, with research focused
on sealing mechanisms for aircraft hydraulic systems. He earned
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