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Abstract

The steering technologies have come a long way in the last decade. Our goal by this paper is to present
the different types of vehicle’s steering system, then a detailed introduction of the Direct Adaptive
Steering (DAS). Direct adaptive steering is a completely new steering system from INFINITY, which
utilizes ‘steer by wire’ technology. It was introduced first at 2013.
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Osszefoglalas

A kiilonboz6 kanyarodasi technologiak jelentds fejlédésen mentek keresztiil az elmult évtizedekben.
Ebben a konferenciacikkben egy tanulmanyt végziink, melynek keretében az eddig hasznalatos, elter-
jedt technologiak keriilnek bemutatasra, majd bévebben targyaljuk az INFINITY altal bevezetett koz-
vetlen, digitalis alapt adaptiv kormanyzast.
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1. Introduction the first solution was to increase the steer-

) . . ing ratio.
The basic requirement of a vehicle’s

steering system is to allow the driver to 2. Steering ratio
easily maintain the vehicle’s position in
high speed or in rough road surfaces. Be-
cause of this lots of different solutions are
created to help the driver change the vehi-
cle’s  path  without much effort.
Early vehicle systems were equipped with
mechanical steering systems which had
very low, or 1:1 steering ratios. These did
not meet the criteria above, because they
were heavy to use (in low speed especially)
and had problems holding the vehicle in
straight line at high speed. Because of these

Steering ratios gives mechanical ad-
vantages to the driver. It allows the wheel
to be turned more easily, overcoming the
vehicles weight. In another way it means
that we don’t have to turn the steering
wheel a so many times to move the vehicles
wheels.

Steering ratio is the relationship between
the steering wheels rotation and the amount
of the road wheels are turned. In general the
higher the steering ratio, the easier to turn

395




Tuloki Szilard, Nagy Istvan

the vehicle wheels, but you need to turn the
steering wheel more. The lower the steering
ratio, the harder it is to turn the steering
wheel, but you need to turn it less.
Modern passenger vehicle with power as-
sisted steering systems have steering ratios
from 12:1 to 20:1. Most manufacturers use
a steering rack and pinion to gain this ratio.
When determining the final steering ratio of
a new vehicle, we must take into considera-
tion the vehicles Steering geometry, wheels
and tires and the intent of use.

POWER RACK & PINION STEERING
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1. Figure Power rack & pinion steering [1]

2. Power Assisted Steering (PAS)

The introduction of hydraulic power as-
sisted steering was a great breakthrough,
because it allowed the vehicle manufactur-
ers to overcome the limitations of the earli-
er mechanical systems. In the past years lots
of improvements have made, thanks to the
new electric integration components.
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2. Figure Power assisted steering [2]

3. Hydraulic Speed Sensitive Pow-
er Steering (HPS)

The major disadvantage of PAS systems
is that it gives few assistances to the driver.
When parking or maneuvering at low
speed, we need higher assistance, but when
we are driving with high speed then we
need less assistance from the system. With
a solenoid valve and a simple control
module to the basic PAS system, we can
archive a variable rate of assistance system.
The system gathers information from the
Engine and vehicle speed information is
used by the power steering control module
to manage the level of steering assistance
provided. The power steering solenoid
valve fitted to the side of the steering valve
assembly is used to regulate the amount of
fluid pressure from the steering fluid
reservoir and pump.

3. Figure HPS [3]
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As the vehicle speed increases the
voltage to the solenoid valve is reduced,
limiting the oil pressure assistance to the
steering rack. The rack is a fixed ratio type.
For more detailed information on how the
solenoid valve interacts with the internal
operation of the PAS steering valve as-
sembly, please refer to the relevant Steering
Control System (STC) ESM.

4. Four Wheel Active Steering
(4WAS)

The 4WAS system is able to alter the ra-
tio of turns to the front steering and provide
additional steering movement to the rear
wheels. It works alongside other vehicle
dynamic control systems to stabilize the car
in a potential oversteer or understeer situa-
tion beyond the normally natural level of
grip. It also provides an enhanced dynamic
driving experience for the driver who will
feel an additional level of agility in slalom
type maneuvers.

By actively turning all four wheels as
you steer, 4-Wheel Active Steer elevates
handling and the very experience of each
corner. The system adjusts steering angle
and ratio to vehicle speed, creating a more
responsive and fluid sense of control. With
natural low-speed feel, responsive mid-
speed turn-in, and precise high-speed stabil-
ity, 4-Wheel Active Steer makes cornering
gracefully easy.

Front ECU Main ECU

Frant-steering
actuator

Rear-steering
actuator

4. Figure 4WAS [4]

5. Rear Active Steering (RAS)

Rear Active Steering is similar in
construction and operation to the rear wheel

steering function of the 4WAS system. It is
designed to improve low speed agility while
providing high speed stability. The RAS
works in conjunction with the HPS system.
When the driver begins to turn the steering
wheel the rear wheels momentarily move in
the opposite direction to the front wheels to
improve the yaw rate (steering angle
speed).

Once the necessary yaw rate (steering angle
speed) has been achieved, the rear wheels
are turned in the same direction as the front
wheels to improve the ‘turn in’ cornering
response.

o 0 0.
I

5. Figure RAS operation [5]

6. Hybrid Electric Power Steering
(HEPS)

With the introduction of hybrid
powertrain technology, a power steering
system was required that could provide
steering assistance without the engine
running (when in electric mode). On the
HEPS system an electrically operated
power steering pump assembly (circled),
replaces the engine driven pump found on
other hydraulic steering systems. It only
operates when steering assistance is
required.
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6. Figure HEPS [6]
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The control module uses vehicle speed and
torque sensor steering force information to
govern the output speed of the electric mo-
tor, which in turn varies the oil pump output
pressure to control the amount of steering
assistance. The electric motor can be rotat-
ed in either direction, depending on the
direction input signal from the steering an-
gle sensor. The flow connection valve is a
safety device that is energized in the closed
position whilst ever the system is functional.
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7. Figure HEPS operation [6]
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7. Direct Adaptive Steering (DAS)

Direct adaptive steering is a completely
new steering system, which were
introduced by Infiniti. DAS removes the
mechanical connection between the steering
wheel and tires, allowing for instantaneous
driver input that can be digitally processed
and adjusted up to 1,000 times per second.
It utilizes ‘steer by wire’ technology and is
the world’s first application on a production
vehicle. The DAS is unaffected by the
kickback and forced movement of
conventional steering but still gradually
requires more effort with increased speed
and G-forces like a conventional system.

The steering wheel is normally (fault
free) disengaged from the steering rack
whenever the steering clutch is activated
(ignition ON). The system converts driver
steering wheel inputs into electrical signals
which are sent to different modules.
Simulated feeling of the road is transferred
to the steering wheel via the steering force
actuator. If the vehicle has an active lane
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control feature, then the slight correction to
the gear is applied via the steering angle
actuators to improve the vehicle stability,
for example if the vehicle direction is
affected by other forces. Angle and torque
sensors fitted to the steering wheel, steering
force actuator, steering rack and steering
angle actuators ensure system integrity.

8. Figure ‘steer by wire’: 1.Steering force
sensor; 2.Clutch; 3.Control modules
4; Steering assist motors

To ensure system integrity is
maintained, the DAS system utilizes a triple
redundancy protocol that enables the three
DAS control modules to share each other’s
information at all times via its dedicated
Flex Ray communication network. The Flex
Ray network data transfer speed is
considerably faster than CAN and therefore
gives near instantaneous processing power.
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