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X-by-Wire Systems & Drive-by-Wire Chassis

Steering by Wire
Product Introduction
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Steering by Wire / steering system roadmap
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Steering by Wire / components and vocabulary
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Steering by Wire / control functionalities
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Steering by Wire / safety req. drives SW complexity
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Steering by Wire / modulable & scalable PPKs
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Steering by Wire / hardware architecture
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Steering by Wire / software architecture
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Steering by Wire / power pack for HWA & RWA

Item Description

Battery Supply 
Current 113A eff

Protection Grade IP6k9k

Working Temperature -40~125℃

Working Voltage 9~16V

Motor Type PMSM 
（12S8P）

Torque Output 7.8Nm

Motor Position Sensor TMR（Dual-Die）*2

Communication CANFD*2

μC Multi-core
(Lock-Step)

Torque Angle Sensor 0T4A（AOS）

Quiescent Current ＜200μA

1 – ECU housing and header

2 – PCBA/power supply 

3 – PCBA/control core

4 – PCBA/drive bridge

5 – motor
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Steering by Wire / FuSa / SGs / example

The following operating modes are for the Functional Safety 
Concept: 

 Operating mode 1: PowerOn (Electrically Power available).

 Operating mode 2: Initialization (Electrically Power available)

 Operating mode 3: Operation(Electrically Power available)

 Operating mode 4: Safe state(Electrically Power available)

 Operating mode 5: PoweOff(Electrically Power unavailable)

Safety Goals vs. operating modes
No Safety Goal Operating Mode 1 Operating Mode 2 Operating Mode 3 Operating Mode 4 Operating Mode 5

1 The SbW system shall prevent unintended lateral acceleration. [ASIL D] X X X

2 The SbW system shall provide the correct level of lateral acceleration 
within 100 ms. [ASIL D] X X X

3 The SbW system shall prevent loss of lateral vehicle motion control. [ASIL 
D] X X X

4 The SbW system shall prevent incorrect feedback actuation to the driver. 
[ASIL D] X X X

5 The SbW system shall prevent sudden loss of feedback torque to the 
driver. [ASIL D] X X X

6 The SbW system shall avoid any steering control output of RPA function 
when the vehicle speed is more than the 3kph. [ASIL D] X X X

7 The SbW system shall avoid unintended activation of remote parking 
assist without driver's request. [ASIL B] X X X

SS ID Safe State Driver 
Notified

SS-1
First fault: Degraded performance
Second fault: Hand over to alternative actuator or perform minimal risk maneuver. Y

SS-2
First fault: Degraded performance
Second fault: Hand over to alternative actuator or perform minimal risk maneuver.

Y

SS-3
First fault: Degraded performance
Second fault: Hand over to alternative actuator or perform minimal risk manoeuvre.

Y

SS-4
First fault: Degraded performance
Second fault: Feedback function is disabled and replaced with fixed steering resistance/damping. Y

SS-5
First fault: Degraded performance
Second fault: Feedback function is disabled and replaced with fixed steering resistance/damping. Y

SS-6
First fault: Degraded performance
Second fault: Feedback function is disabled and replaced with fixed steering resistance/damping.

Y
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Steering by Wire / FuSa / FSR / example

FSR No. Functional Safety Requirement Related Safety Goal No

FSR01 The system shall monitor vehicle speed. SG1,SG2,SG3
FSR02 The system shall monitor steering wheel torque. SG1,SG2,SG3
FSR03 The system shall monitor rack position. SG1,SG2,SG3
FSR04 The system shall monitor rack position target(steering wheel angle). SG1,SG2,SG3
FSR05 The system shall monitor AD mode request. SG1,SG2,SG3
FSR06 The system shall monitor pinion angle. SG1,SG2,SG3
FSR07 The system shall monitor rack force. SG1,SG2,SG3
FSR08 The system shall monitor motor position. SG1,SG2,SG3
FSR09 The system shall monitor motor phase current. SG1,SG2,SG3
FSR10 The system shall monitor motor driver. SG1,SG2,SG3
FSR11 The system shall monitor motor drive bridge. SG1,SG2,SG3
FSR12 The system shall monitor motor actuation. SG1,SG2,SG3
FSR13 The system shall monitor RWA failure state. SG1,SG2,SG3
FSR14 The system shall monitor HWA failure state. SG1,SG2,SG3
FSR15 The system shall identify target assist torque. SG1,SG2,SG3
FSR16 The system shall set target assist arbitration element. SG1,SG2,SG3
FSR17 The system shall calculate actual assist torque. SG1,SG2,SG3
FSR18 The system shall compare target assist torque with actual assist torque SG1,SG2,SG3
FSR19 The system shall monitor system temperature. SG1,SG2,SG3
FSR20 The system shall monitor the power supply of the system. SG1,SG2,SG3

FSR21 The system shall use MCU which shall provide some safety mechanism such as lock step,self-test,etc. SG1,SG2,SG3

FSR22 The system shall use watchdog out of MCU. SG1,SG2,SG3
FSR23 The system shall provide two independent failsafe path. SG1,SG2,SG3

FSR24 The system shall implement failsafe path self-test after power on. SG1,SG2,SG3

FSR25 If some failure detected, the system shall enter in degradation mode or backup mode, send warning to driver and record failure. SG1,SG2,SG3

FSR26 During driving, when the domain controller does not request to exit HandWheel Tracking, RWA shall avoid system unintended exit HandWheel Tracking. SG4

FSR27 During driving, when the domain controller does not request to exit AD Tracking, RWA shall avoid  unintended exit AD Tracking. SG5

FSR28 During driving, RWA shall monitor the mode signal to avoid the loss of the mode signal. SG6

FSR29 During driving, when the domain controller does not request to enter HandWheel Tracking, RWA shall avoid system unintended enter HandWheel Tracking. SG6
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Steering by Wire / FuSa / TSR / example

RWA has totally 402 TSRs to meet 29 FSRs.
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Steering by Wire / FuSa / HARA / example

Hazard Analysis & Risk Assess

Evaluation Calculation
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Steering by Wire / FuSa / FTA / example

Safety Goal Level

ECU Level

MCU Level

MCU Hardware 
Level

MCU software 
Level
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Steering by Wire / FuSa / Software FMEA / example
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Steering by Wire / FuSa / SSR / example

TSR ID SG Requirement FTTI ASIL

TSR006 SG1
The system shall implement CRC check 
on HT_1 SENT communication every 
5ms.

18ms D SW

TSR007 SG1
If the system detects CRC failed of 
SENT1 or SENT2, then the system shall 
confirm HT_1 CRC failure.

18ms D SW

TSR006 SG2
The system shall implement CRC check 
on HT_1 SENT communication every 
5ms.

18ms D SW

TSR007 SG2
If the system detects CRC failed of 
SENT1 or SENT2, then the system shall 
confirm HT_1 CRC failure.

18ms D SW

TSR006 SG3
The system shall implement CRC check 
on HT_1 SENT communication every 
5ms.

95ms B SW

TSR007 SG3
If the system detects CRC failed of 
SENT1 or SENT2, then the system shall 
confirm HT_1 CRC failure.

95ms B SW

TSR006 SG4
The system shall implement CRC check 
on HT_1 SENT communication every 
5ms.

95ms B SW

TSR007 SG4
If the system detects CRC failed of 
SENT1 or SENT2, then the system shall 
confirm HT_1 CRC failure.

95ms B SW

SSR ID Allocated to Requirement FTTI ASIL ASW/BSW

SSR021 E2EXf The software shall check SENT1 CRC fault every 1 ms. 18ms D BSW

SSR022 E2EXf

If SENT1 CRC fault detected, then the software shall set:

SENT1 CRC fault flag = 1

Else

SENT1 CRC fault flag = 0

18ms D BSW

SSR023 E2EXf The software shall detect SENT1 CRC fault flag every 10 ms. 18ms D BSW

SSR024 E2EXf

If the software detect:

SENT1 CRC fault flag = 1 

then the software shall set:

SENT1 CRC fault counter+1

18ms D BSW

SSR025 E2EXf

If the software detects:

SENT1 CRC fault flag = 0 

then the software shall set:

SENT1 CRC fault counter-1

18ms D BSW

SSR026 E2EXf

If the software detects:

SENT1 CRC fault counter = 10

then the software shall set:

SENT1 CRC failure flag=1.

(0 ≤ counter ≤ 40)

18ms D BSW

SSR033 E2EXf The software shall check SENT2 CRC fault every 1ms. 18ms D BSW

SSR034 E2EXf

If SENT2 CRC fault detected, then the software shall set:

SENT2 CRC fault flag = 1

Else

SENT2 CRC fault flag = 0

18ms D BSW

SSR035 E2EXf The software shall detect SENT2 CRC fault flag every 10ms. 18ms D BSW

SSR036 E2EXf

If the software detect:

SENT2 CRC fault flag = 1 

then the software shall set:

SENT2 CRC fault counter+1

18ms D BSW

SSR037 E2EXf

If the software detects:

SENT2 CRC fault flag = 0 

then the software shall set:

SENT2 CRC fault counter-1

18ms D BSW

SSR038 E2EXf

If the software detects:

SENT2 CRC fault counter = 10

then the software shall set:

SENT2 CRC failure flag=1.(0 ≤ counter ≤ 40)

18ms D BSW

SSR045 E2EXf If the software detects SENT1 CRC failure flag = 1 or SENT2 CRC failure 
flag = 1, then the software shall confirm HT_1 CRC failure. 18ms D BSW

SSR from TSR006, TSR007 and TSR008
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Steering by Wire / FuSa / HSR / example
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Steering by Wire / FuSa / FMEDA / example
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X-by-Wire Systems & Drive-by-Wire Chassis

Proposal for Robo-Bus02
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Steering by Wire / RWA / system sizing

1.1 Customer XXXX
1.2 Platform TBD
1.3 Vchicle Type TBD
1.4 Drive Type TBD
1.6 Rack Force(N) 9400
1.7 Rack Travel(mm) 100
1.9 R/P efficient 0.9
1.10 C-Factor（mm/rev） 44.3

Rack Force
Percentage

Rack Force
(N)

Rack Speed
(mm/s)

1 Auto Parking1 100% 9400 5
2 Auto Parking2 100% 9400 10

Torque Output
(Nm)

Motor Speed
（rpm）

Power
（W）

Rack Foce
（N）

Max. Rack Speed
(mm/s)

4.2 0 0 9570 0.0
4.2 1000 440 9570 35.2
4 1050 440 9114 36.9

3.5 1200 440 7975 42.2
3 1400 440 6836 49.2

2.5 1680 440 5696 59.1
2 2100 440 4557 73.8

1. Customer Information

Condition

3.Motor Capacity

2. SBW RWA Assistance Requirement

3000.0
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7000.0
9000.0

11000.0
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Motor Capacity_4.2Nm System Requirement
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Steering by Wire / RWA / system parameters

Item Value

Motor Type PMSM _ Double Winding

Motor Torque 4.2Nm

ECU Current 80A Max

Function Safety Fit10 (Full Redundant)

Gear Reduction Worm Wheel & Worm Shaft

Sensor Type Inductive Hella 4T+2A

Gear Ratio 21:1

R/P C-Factor 44.3mm/rev

Rack Travel 100mm

IBJ to IBJ distance 400mm

OBJ to OBJ distance 976mm

IP Level IP69K

Weight 9.8kg
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Steering by Wire / RWA / system dimensions

288

IBJ To IBJ

976

OBJ To OBJ

400
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Steering by Wire / RWA / product explode view

爆炸图

OBJ

JAM NUT

IBJ

SHORT GEAR ASSY.

SPRING CLAMP
BELLOW

BANDING CLAMP

POWER PACK

BOLT

WIRE HARNESS
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Steering by Wire / HWA / system parameters

Item Value

Motor Type PMSM _ Double Winding

Motor Torque 3.5Nm

ECU Current 80A Max

Function Safety Fit10 (Full Redundant)

Gear Reduction Worm Wheel & Worm Shaft

Sensor Type Inductive Hella 4T+2A

Gear Ratio 21:1

Telescope Travel Range +30 ～ -120mm+

Telescope Speed 20mm/s

Tilt Travel Range -26mm ～ +26mm

Tilt Speed 10mm/s

Mechanical Travel Limit Range -510° ～ +510°

MTL strength 150Nm
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Steering by Wire / HWA / product explode view
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Offering Super Running Shoes for Autonomous Driving!
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