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Strategy for Transfer Elemental Designing, Employing Physical Characteristic

Modeling of Steering Maneuver (First Report)

Ooooos. NAKANOOOOOOOH. YOsSHIMOTOUOOOOOS. KIMURAD OOOOOR. HAYAMA

Improvement of value-added steering maneuvering is required more than ever, for wider range of
passenger vehicles. Steering is one of the key systems to achieve better vehicle maneuvering. Sensory
evaluation of "steering feeling" can hold contingency designing strategy. But, uncertainty of human factors
should be taken into account for evaluation of physical quantities. Some methods that specify the relation
between “steering feelings” and performances of vehicle dynamics have been proposed but not
practically used for actual design of steering components. This paper describes a theoretical method with
detailed steering model that specifies quantitative performances and physical quantities for steering

components.

Key Words: steering system, drivability, design/ steering maneuvering, steering feeling, sensory

evaluation
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Performance required for steering system
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Example of pilot rating of steering system

Requirement Performance

Evaluation items | Vehicle A | Vehicle B | Vehicle C

Steering elort, Power-assist

Returnability 6 55 6

(i) Function of steering | Force deflection Low-friction feel 6 6 55
and assist torque Free play of steering wheel Low-inertia feel 6 6 4
Noise, VibrationO O O O etc. On-center feel 6 6 55

Steering wheel torque Response 6 6 6

(i) Strength, Endurance | Force on the road wheels
Vibrational input O O O etc.
Smoothness of torque
Feeling of inertia, viscosity,
frictionD 0000000 ete

(iii) Steering feeling
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Expressions for steering feeling

Phenomena, Function Sensory evaluation term

S. A T. (self aligning
torque) transformation
to steering wheel

On-center feel
Build-up feel
Direct feelD OO OO0  etc.

No sticky or dragged
feeling

Smooth without stick
Low-frictionD0 O OO OO etc.

Moderate elort
during quick steering.

Lowe-inertia feel
High rigidity feel
WallelectDO OO OO O  etc.

Stable on-center or at
keeping angle

Stability
Steadiness
Solid feel0 0O OO0 O O etc.

S. A. T. transformation
without variation or
vibration

Smoothness
Continuous
SilkkyDOOODO0OOOD0O0ODete.

Assist torque
characteristics

Easy driving
Preferred/not preferredd etc.
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=== Test result
— Simulation
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Model parameters

Vehicle Subsystem Elemental characteristic

(i) Steering Refer fig. 3

Roll (Inertia, Viscous, Stilness)
Pitch (Inertia, Viscous, Stilness)
Change of load

Change of toe angle with
suspension stroke

(ii) Chassis

Compliance-steer characteristic

Cornering force
Camber thrust
Front axle load, Rear axle load

(iii) Tire

Yaw moment of inertia
Height of gravity center
Wheel base

Track

(iv) Vehicle
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