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Intelligent Steering Research: Steer-by-wire is expected to land on independent brand models in 2025

The Passenger Car Intelligent Steering Industry Research Report, 2024 released by ResearchIinChina summarizes and studies the status quo, installation, suppliers’
layout, supply chain layout, etc. of intelligent steering in the world and China, and predicts the future development trends of intelligent steering.

1. Policies provide continuous support, and standards Main Contents of Steer-by-Wire Hand Feel Simulation Controller Standard
concerning steer-by-wire are becoming definite.

Since 2023, China has formulated a range of national standards,
association standards and other policies for steer-by-wire. From
system standards such as technical requirements and test methods for
steer-by-wire of commercial vehicles and passenger cars, to Normative references :':?i;'gé;fgfz‘gf;ogj'gg‘t‘;'*;gfe;223“;1';‘3;:2;;:;: ;‘fg{;ﬁﬂfﬁéﬂ;
component standards for wheel hub/wheel rim motors and steer-by- Braking Systems of Intelligent Connected Vehicles”;

wire road sense simulators, the standards for steer-by-wire are

becoming increasingly definite and perfect.

This standard applies to fault injection tests of steering wheel hand feel
simulation unit system integration of passenger car steer-by-wire
systems.

Terminology and definitions

The terms and definitions defined in TICSAE 234-2021 apply to this
document;

Take the Steer'bY'Wire road sense simulator as an example: When the Fault Injection Test :nii?o:lmse:t;rr:;u?rjmeantl;d The definition includes test wiring and equipment requirements;
: H H H H 7 Specification for Steering

driver drives a vehlc_:le, the hand feel is very |mp_o_rtant to the d_rlver. The o i

road sense transmits the force and road conditions of the tires, road Units of Steer-by-wire Tesi mEinEis ame

Systems Specific test methods and assessment reguirements;

assessment requirements

surface, and body to the driver through the steering wheel in real time.
Without mechanical connection, the road sense can only be produced
by the steer-by-wire road sense simulator. The most important function

of a road sense simulator is to simulate and restore the driver's . .
feelings as realistically as possible under different road conditions. .
R o ot s meiocs e eawrenens

In August 2024, the Institute of Electrical Engineering (IEE) of Chinese - Communicafion fault 1est methods and assessment requirements

Academy of Sciences (CAS) and HYCET EPS System (Jiangsu) jointly R e el e e == A
took the lead in drafting the CSAE standard "Fault Injection Test
Specifications for Steering Wheel Hand Feel Simulation Controllers of
Passenger Car Steer-by-Wire Systems", a standard which filled the
gap in this field.

M Torgue sensor fault test methods and assessment requirements

Source: China Society of Automative Engineers
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Steer-by-wire standards and policies, 2023-2024

Summary of Steer-by-Wire Standards and Policies, 2023~2024

State Administration for Market Regulation
{SAMR), Standardization Administration of the
People’s Republic of China (SAC)

National

standards April 2024

Qctober 2023

Qctober 2023
Associstion
standard
May 2024

Juby 2024

June 2023

Mowember 2023

December 2023

June 2024

Others

July 2024

August 2024

August 2024

Chinese Association Standard
Chinese Association Standard
Chiness Associstion Standard
Chinese Association Standard
Five departments including the Ministry of
Industry and Information Technology of the
People’'s Republic of China (MIIT)

Four ministries and commissions including the
Ministry of Industry and Information Technology
of the People's Republic of China (MIIT)
Mational Development and Reform Commission

of China

Ministry of Industry and Information Technology
of the People's Republic of China (MIIT)

Automotive Steering Technology Branch of
China Society of Automaotive Engineers.

Institute of Electrical Engineering (IEE) of

Chinese Academy of Sciences (CAS), HYCET
{Jiangsu)

China Automotive Standardization Imstitute

GEIT 43847-2024 General Technical Requirements for
Chassis-by-wire of Low Speed Automated Vehicle

TIZISAE 014-2022 General Technical Requirements
for Distnbuted-drive Control-by-Wire Chassis

TIZJSAE 115-2023 Technical Requirements and Test
Methods of Integrated Electric-hydraulic Steering Gear
Controlled by Wire for Commercial Vehicles.

THSAEPA 003-2024 Steer-by-wire Technical
Reguirements and Test Methods

TIZJSAE 020-2024 Technical Requirements and Test
Methods for Hand Wheel Actuator of Steer-by-wire

Opinions on Improving Manufacturing Reliability

Motica on the Pilot Program for Admittance and Road
Access of Intelligent Connected Vehicles

Guidance Catslogue for Industrial Structure Adjustment
(2024)

Key Points of Automotive Standardization in 2024

The CSAE Standard "Technical Reguirements and Test
Methods for Passenger Car Active Rear Wheel
Steering Gear Assembly”

The CSAE standard "Fault Injection Test Specification
for Steering Wheel Hand Feel Simulation Controllers of
Passenger Car Steer-by-wire Systems”

The Automaotive Chassis-by-Wire Standard Research
Group held a special meeting on steer-by-wire

Provisions are made on the overall requirements and response capabilities of low-
speed chassis-by-wire systems.

Requirements for chassis-by-wire with the wheel hub/whesl rim motor as the only
power source

Suitable for wire-controlled electro-hydraulic steering gears of commercial vehicles

System performance and functional requirements for sieer-by-wire of passenger
cars are determined

Basic performance reguirements, strength requirements, and durability
reqguiremsantis

The sutomaotive industry focuses on chassis-by-wire systems such as steer-by-wire,
brake-by-wire, automatic gear shift, electronic throttles. and suspension systems.

China has officially allowed the compliant production and road tests of automomous
vehicles, which will greatly promote the application of chassis-by-wire technology
and related components.

EPS, steer-by-wire systems, idle start-stop systems, high-efficiency and high-
relizbility electromechanical coupling systems, electric brake, eleciric steering and
relsted key components, ESC, and chassis-by-wire systems are encouraged

Promaote research on standards for sieer-by-wire and brake-by-wire, etc.. and
actively participate in the revision of technical regulations such as the UNAWP.28
chassis-by-wire (EMB)

This standard aims to sort out the terms and definitions of active rear-wheel stesring

of passenger cars and clarify the technical requirements and test methods for active
resr-wihes| steering assembly of passenger cars.

The standard will cover multiple aspects of the steering wheel hand fesl simulation
units of passenger car steer-by-wire systems, and clearly guide the functional safiety
verification heraby.

Based on the discussion at the meeting, the standard research group will continue
to improve the requirements for perfformance, functional safety, failure degradation
and so on of the steer-by-wire technology, conduct research on the requirements for
key data recording of steer-by-wire vehicles, and accelerate the research process of
steer-by-wire standards.

To be implemented in
November 2024

Implemented since
October 2023

Implemented since
October 2023

Implemented since June
2024

Implemented since
August 10, 2024

Implemented since
February 1, 2024

£ kick-off meeting was
held in July 2024

The project was approve
and the draft is
numbered 2024-045

ResearchinChina

www.researchinchina.com,

www.researchinchina.com

report@researchinchina.com



Many OEMs are vying to deploy steer-by-wire technology which is expected to be available

domestic independent brand models in 2025

Summary of Models That Have Carried and Are Scheduled to Carry Steer-by-wire

passenger car models equipped
with steer-by-wire in the world, Infiniti Infiniti Q50 2013 Steer-by-wire DAS (with mechanical redundancy)
including Infiniti  Q50, Q50L, Infiniti Infiniti Q50L, QX50, Q60 2018 Steer-by-wire DAS 2.0 (with mechanical redundancy) KYB
QX50, Q60, Toyota  bZ4X, Tovota Toyota BZ4X (overseas 2022 Steer-by-wire One Motion Grip (no mechanical connection JTEKT
Lexus RZ, a.nd Tesla Cy_bertru ck. Models That y version) between the steering wheel and the front wheels)
The following table lists the Have Carried ) ) . ) )
. HE Lzl Steer-by-wire variable ratio electronic steer-by-wire system +
models that have carried and Steer-by-wire Lexus Lexus RZ 2022 ) ) -
special-shaped steering wheel
are scheduled to carry steer-by-
wire: Tesla Cybertruck 2024 Steer-by-wire, rear-wheel steering ZF
Seen from the Jans of OEMs Aud RS LMS GT2 (racing car) 2024 :I::hs::tl:r:c rear-wheel steering system, Space Drive steer-by- Schasfflar
steer-by-wire is expected to be Tes| Model S8 2024 It is expected that these two new models will be equipped with
available in domestic esd b (expected)  steer-by-wire and matched with Yoke steering wheels in 2024. i
independent brand models in This model will be equipped with the NIO SkyRide chassis system
2025. 2025 for the first time (composed of three core components: steer-by-
NIO ET9 ( cted) wire, rear-wheel steering and fully active suspension). NIO ET9 is -
Models That : expected to be officially launched in September 2024 and will be
Are Scheduled delivered in the first quarter of 2025.
to Carry Steer-
by-wire \ 2025 Equipped with steer-by-wire technology and rear-wheel steering
Audi skysphere ( pt car) (expected)  technology, it is expected to be mass-produced in 2025 )
Mercedes. Battery-slectric EQS, 2027 The sp:.acial—shaped steering wheel and st-eer—by—wirel system will
Benz next-generation S-Class ( cted) be put into use as early as 2027, and will be used in the next- -
B : generation Mercedes-Benz 5-Class, EQS and other models.
Source:ResearchinChina
nns..r‘.‘.c.‘.' www.researchinchina.com report@researchinchina.com 4
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Four-wheel independent steering will be the future development direction of steer-by-wire

four-wheel steering.

The 4-wheel steering with steer-by-wire system (4WS-SBW) is composed of an independent mechanical transmission mechanism and a steering actuator motor.
Each wheel can independently control the steering angle, enabling the vehicle to turn in place while increasing the freedom of driving attitude. The greatest
significance of 4-wheel independent drive lies in safety. It can improve the stability and anti-skid control of the vehicle. It also provides power and steering dual
redundancy for the autonomous driving system. Even if the steering wheel fails, steering can be achieved through the speed difference between the four wheels.

For example, the Honggqi integrated chassis structure comes from the "Hongqi drive-steering integrated power chassis" technology of the intelligent driving safety
chassis system of the e.RFlag electric platform (HME). This chassis technology platform pioneered a chassis domain control algorithm to achieve integrated control
of steering, braking and suspension systems. It removes the motors that drives the wheel from the body, integrates them directly into the wheel, and installs them
on the inside of the wheel hub instead. All four wheels adopt the same design. This is equivalent to directly canceling the transmission devices on traditional
vehicles, allowing the wheels to drive "themselves", and realizing seven motion modes including crab walk steering, fixed-point U-turn, front-wheel steering, and

Hongqi Integrated Chassis Structure

Honggqi Integrated Chassis Structure

1. Hub motor 2 Kingpin steering
- - @ i I
% 3. EMB 4_ Intelligent suspension

-®

W

Honggqi’'s Integrated Chassis Structure Enables Steering

Rarallel steering

Fixed-point U-turn 0 radius steering

Source: Sohu Auto
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Layout of OEMs and Suppliers in 4-wheel Independent Steering

BYD, Honggqi, Dongfeng and Schaeffler
among others have laid out 4-wheel
independent steering, a technology which
is a major future development direction of
steer-by-wire.

Layout of OEMs and Suppliers in 4-wheel Independent Steering

Honggi

Dongfeng

Schaeffler

HYCET

Zhejiang
Shibao

All models under the Yangwang brand will be equipped with e4
technology which connects 4 wheels through 4 wheel rim motors to
drive a single wheel separately without relying on steering gears or
tie rods, allowing the vehicle to make a U-turn on the spot.

The integrated chassis structure realizes integrated control of
steering, braking, and suspension systems, and can fulfill seven
motion modes including crab walk steering, fixed-point U-turn, front-
wheel steering, and 4-wheel steering.

AWS-5BW is expected to be realized after 2025.

The intelligent steer-by-wire angle module integrates Schaeffler's
wheel hub motors to achieve 90-degree 4-wheel independent
steering

Pre-research on advanced technologies such as 4-wheel
independent steering and XYZ three-way collaborative domain
control.

The funds raised from the private placement will be largely spent on
R&D of intelligent automotive steer-by-wire, automotive 4WS-SBW
and high-safety steering control modular design technologies.

Source:ResearchinChina

2023

(available on U8
and U9)

Expected in 2025

After 2025
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Steer-by-wire technology will disrupt cockpit design

Nexteer's Steer-by-wire Enables Foldable Steering Wheels

Change 1: Steer-by-wire can
enable foldable steering wheels to
increase the available space in the
cockpit. Nexteer's steer-by-wire can
realize a foldable steering wheel,
which automatically retracts during
autonomous driving to increase the
available space in the cockpit. ZF's
steer-by-wire will allow the steering
wheel to automatically retract in the
future.

Source: Nexteer
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Steer-by-wire technology will disrupt cockpit design

Schaeffler Canceled the Traditional Steering Wheel and Replaced it with Force

Change 2: Steer-by-wire technology can eliminate the Feedback Operating Joystick Technology
steering wheel and replace it with other devices:

In November 2023, Schaeffler announced its force
feedback operating joystick technology, which cancels
the traditional steering wheel and replaces it with a
joystick placed next to the armrest. Schaeffler's force
feedback operating joystick has no mechanical
connection with the front steering mechanism. This
joystick can clearly feed the road sense back to the
driver. The full steering stroke is about 100 degrees
from the left to the right. The entire system
development meets the relevant functional safety
requirements and standards.

It does not have a tradihonal steenng whigel

Source: Schaeffler
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Hitachi Astemo Smart SBWS

Hitachi Astemo Uses A Mouse to Control the Steering Wheel in the Central

Armrest
1 \™
Smdkt.
FRET I AR

New Input Dé¥Vice

Smart SBWSILE Bk EET
Diriwing om ioe with Swart SHWE®

In May 2024, Hitachi Astemo's Smart SBWS used multiple control solutions to
replace the traditional steering wheel, for example, using a mouse to control the
steering wheel in the central armrest box, or using a new device on the left side of
the front passenger to control the steering wheel. The system is expected to be
mass-produced in 203X.

Hitachi Astemo Designs A New Device on the Left Side of the Front Passenger
to Control the Steering Wheel

Smart SBWS®
FRAET )\ ASRHNE

New Input Device manoceuvrability

! Driver : i X Koudal Ts
uper GT GTS00 : Astemo REAL

b—=32UF34 i ' "jv

= Diriving by

Source: Hitachi Astemo
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