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(57) ABSTRACT 

The present invention involves a steer-by-Wire actuating 
system and method of actuating road Wheels of a vehicle 

10\\ 

With the steer-by-Wire actuating system. The system 
includes a steering linkage assembly including an input 
shaft, an output shaft, and a gear unit linking the input shaft 
and the output shaft for linear movement of the output shaft 

to rotate the road Wheels of the vehicle. The system further 

comprises a microcontroller for controlling an actuation 

strategy including normal and fault detection modes. The 
microcontroller is con?gured to receive a steering signal 
indicative of steering input at a steering interface. The 
system further includes ?rst and second poWer electronic 
drivers in electrical communication With the microcontroller 
for electric poWer supply. The system further includes a ?rst 
motor and a second motor for simultaneous operation With 

the steer-by-Wire steering device. The ?rst motor is in 
electrical communication With the ?rst poWer electronic 
driver to receive electric poWer therefrom and the second 

motor is in electrical communication With the second poWer 

electronic driver to receive electric poWer therefrom. The 
?rst and second motors are connected to the input shaft for 

movement thereof to rotate the road Wheels based on the 

steering signal. The ?rst and second motors are con?gured 
to cooperate simultaneously to rotate the road Wheels during 
the normal mode. 
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STEER-BY-WIRE SYSTEM AND METHOD FOR 
ACTUATING ROAD WHEELS OFA VEHICLE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a steer-by-Wire 
system and method for actuating road Wheels of a vehicle. 

[0002] Vehicle steer-by-Wire systems are Widely knoWn. A 
typical steer-by-Wire system may include a driver interface, 
e.g., a steering Wheel or a steering joy stick, Which is 
electrically linked to the road Wheels of the vehicle. In some 
steer-by-Wire systems, steering inputs at the driver interface 
are electronically transmitted to an actuating device con 
nected to steering linkages to rotate the road Wheels. For 
eXample, a steering input from the driver interface may be 
transmitted by Wire to an electronic control unit or a micro 
controller Which then sends by Wire a positioning command 
to a motor producing steering movement to a steering 
linkage of the vehicle, e.g., a front aXle steering linkage to 
rotate the road Wheels. 

[0003] Although many current steer-by-Wire systems are 
adequate, improvements may be made on such systems. 
Failure of steer-by-Wire actuators or motors is one concern. 
Manufacturers have responded to such concern by providing 
steer-by-Wire systems With strategies and control systems in 
an event of a device failure or system failure. Manufacturers 
have con?gured steer-by-Wire systems With backup systems, 
redundancies, hydraulic systems, and/or backup poWer sup 
plies. HoWever, such added devices and systems require 
relatively large volume density and relatively high costs. 

[0004] It has been determined that an increase in electric 
poWer capacity of a motor, requires an exponential increase 
in volume density of the motor. Thus, manufacturers have 
been challenged in providing a steer-by-Wire system having 
an improved fail-safe system Which reduces typical volume 
density requirements and maintains loW costs. 

BRIEF SUMMARY OF THE INVENTION 

[0005] Thus, it is an aspect of the present invention to 
provide a steer-by-Wire system and method for actuating a 
steering linkage assembly connected to road Wheels of a 
vehicle. The system has fail-safe capabilities for device and 
system failures. 

[0006] It is another aspect of the present invention to 
provide a steer-by-Wire system and method for actuating a 
steering linkage assembly connected to road Wheels of a 
vehicle. The system has units of operation requiring rela 
tively reduced volume density. 

[0007] In one embodiment, the present invention is a 
steer-by-Wire system for actuating a steering linkage assem 
bly connected to road Wheels of a vehicle. The system 
comprises the steering linkage assembly Which includes an 
input shaft electrically connected to a driver interface, an 
output shaft connected to road Wheels of the vehicle, and a 
gear unit linking the input and output shafts to rotate the road 
Wheels. 

[0008] The system further comprises a microcontroller for 
controlling an actuation strategy including normal and fault 
detection modes. The microcontroller is in electrical com 
munication With a driver interface, e.g., a steering Wheel. 
The microcontroller is con?gured to receive a steering signal 
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indicative of steering input at the driver interface. The 
system further includes ?rst and second poWer electronic 
drivers in electrical communication With the microcontroller 
for electrical poWer supply. The system further includes a 
?rst motor and a second motor for simultaneous operation 
With the steer-by-Wire steering device. The ?rst motor is in 
electrical communication With the ?rst poWer electronic 
driver to receive electric poWer therefrom and the second 
motor is in electrical communication With the second poWer 
electronic driver to receive electric poWer therefrom. The 
?rst and second motors are connected to the input shaft to 
move the input shaft for linear movement of the output shaft 
to rotate the road Wheels based on the steering signal. The 
?rst and second motors are con?gured to cooperate simul 
taneously to rotate the road Wheels during the normal mode. 

[0009] Further aspects, features and advantages of the 
invention Will become apparent from consideration of the 
folloWing description and the appended claims When taken 
in connection With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a schematic vieW of part of a vehicle 
having a steer-by-Wire actuating system in accordance With 
one embodiment of the present invention; and 

[0011] FIG. 2 is a How chart of a method of actuating a 
steering linkage assembly of the vehicle having the steer 
by-Wire system of FIG. 1 in accordance With one embodi 
ment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] The present invention generally provides a steer 
by-Wire system and method for actuating a steering linkage 
assembly of a vehicle. A plurality of actuating devices in 
parallel, e.g., tWo motors, are simultaneously implemented 
on an input shaft of a steering linkage assembly of the 
vehicle for linear movement of an output shaft connected to 
road Wheels of the vehicle based on driver inputs at a driver 
interface, the linear movement of the output shaft rotates the 
road Wheels. The simultaneous operation of the actuating 
devices call for reduced poWer and Weight requirements, 
saving volume density and costs. The plurality of actuating 
devices alloW for an improved fail-safe and space saving 
steer-by-Wire actuating system having relatively reduced 
volume density and Weight requirements. 

[0013] FIG. 1 illustrates a vehicle 10 having a steer-by 
Wire actuating system for actuating a steering linkage assem 
bly to turn road Wheels of the vehicle. As shoWn, vehicle 10 
includes a steering linkage assembly 12 and a steer-by-Wire 
actuating system 14 Which is con?gured to actuate steering 
linkage assembly 12 to rotate road Wheels of the vehicle. 
Steering linkage assembly 12 includes an input shaft 16, an 
output shaft 18 Which is connected to road Wheels 19 of the 
vehicle 10 by tie rods 21, and a gear unit 20 linking input 
shaft 16 and output shaft 18. As shoWn, gear unit 20 links the 
input shaft 16 and the output shaft 18, Wherein rotation of 
input shaft 16 results in linear movement of the output shaft 
to turn the road Wheels 19. 

[0014] In this embodiment, steering linkage assembly 12 
may be a conventional rack-and-pinion steering assembly or 
a recirculating ball Worm and nut steering gear. HoWever, it 
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is to be noted that any other steering linkage assembly 
having an input may be used Without falling beyond the 
scope or spirit of the present invention. 

[0015] FIG. 1 further illustrates a microcontroller 23 in 
electrical communication With a driver interface 22 for 
controlling an actuation strategy. In this embodiment, the 
actuating strategy includes normal and fault modes of the 
steer-by-Wire system 14. The microcontroller 23 is con?g 
ured to receive a steering signal indicative of a steering input 
at the driver interface for rotating the road Wheels consistent 
With the steering input based on a predetermined steering 
ratio of the vehicle. The microcontroller may be any suitable 
unit having a microprocessor to control the units of the 
steer-by-Wire system. The microcontroller may be a plurality 
of units having a separate microprocessor for each driver 
and motor, Without falling beyond the scope or spirit of the 
present invention. 

[0016] The steer-by-Wire system 14 further includes a ?rst 
poWer electronic driver 34 and a second poWer electronic 
driver 36 in electrical communication With the microcon 
troller 23 for poWer to move the steering linkage assembly 
for rotation of the road Wheels. As shoWn, system 14 further 
includes a ?rst motor 30 and a second motor 32 for simul 
taneous operation With the steering linkage assembly 12. 
The ?rst motor 30 is in electrical communication With the 
?rst poWer electric driver 34 to receive electric poWer 
therefrom and the second motor 32 is in electrical commu 
nication With the second poWer electronic driver 36 to 
receive electric poWer therefrom. 

[0017] The ?rst and second motors 30, 32 are connected to 
the input shaft 16 for movement thereof to rotate the road 
Wheels 19 based on the steering signal and a predetermined 
steering ratio of the vehicle. The ?rst and second motors 30, 
32 are con?gured to cooperate simultaneously to rotate the 
road Wheels 19 during the normal mode. The ?rst and second 
poWer electronic drivers 34, 36 may be poWer supplied by 
different or the same sources. In this embodiment, drivers 
34, 36 are supplied by one source, battery 40. 

[0018] In this embodiment, the ?rst motor 30 applies a ?rst 
torque on the input shaft 16 and the second motor applies a 
second torque on the input shaft 16 simultaneously. The ?rst 
torque is proportional to a ?rst poWer generated by the ?rst 
poWer electronic driver 34 to the ?rst motor 30. The second 
torque is proportional to a second poWer generated by the 
second poWer electronic driver 36 to the second motor 32. 
The ?rst poWer and the second poWer are both a percentage 
of a required poWer for motors 30, 32 to rotate the road 
Wheels 19 during the normal mode. The ?rst and second 
motors 30, 32 simultaneously operate to provide a combined 
poWer equal to the required poWer to rotate the Wheels. In 
this embodiment, each of the ?rst poWer and the second 
poWer is approximately 50% of the required poWer for the 
motors to actuate the steering linkage assembly for rotation 
of the road Wheels during the normal mode. 

[0019] In this embodiment, the actuation strategy may be 
con?gured in the microcontroller 23 in any suitable Way 
knoWn in the art. Additional units, e.g., sensors, (not shoWn) 
may be implemented to transmit steering Wheel angle sig 
nals and road Wheel signals to the microcontroller during 
normal and fault modes. In this embodiment, the normal 
mode indicates an operating status of the steer-by-Wire 
actuating system 14 having no fault. In the normal mode, the 
?rst and second motors 30, 32 operate simultaneously. 
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[0020] In this embodiment, the fault mode indicates an 
operating status of the steer-by-Wire actuating system having 
a fault. The fault mode may indicate failure of any unit of the 
system 14 mentioned above including one of the ?rst and 
second motors. Moreover, in the fault mode, one of the ?rst 
and second motors 30, 32 operate independently based on 
Which unit has failed or Where the failure has occurred. For 
eXample, if the ?rst poWer electronic driver 34 fails, then the 
second poWer electronic driver 36 and second motor 32 Will 
operate independently to actuate the steering linkage assem 
bly. That is, one of the ?rst and second motors independently 
operates the steer-by-Wire actuating system to move the 
steering linkage assembly for rotation of the road Wheels 
during the fault mode. The microcontroller may be con?g 
ured in any suitable manner or With any suitable strategy to 
determine the mode in Which to operate the steer-by-Wire 
system. 
[0021] Thus, during the normal mode, the ?rst and second 
motors operate simultaneously to apply torque to the input 
shaft so that the output shaft linearly moves to rotate the road 
Wheels based on a predetermined steering ratio of the 
vehicle. In this embodiment, each of the ?rst and second 
motors operates at a capacity of 50% of the required poWer 
or torque applied on the input shaft to rotate the road Wheels 
at the predetermined steering ratio. As it is knoWn, at loWer 
vehicle speeds, e.g., 0-10 miles per hour, poWer and torque 
requirements on the input shaft are relatively greater than 
higher vehicle speeds, e.g., greater than 10 miles per hour, 
to rotate the road Wheels based on the predetermined steer 
ing ratio. It has been determined that the required poWer to 
rotate the road Wheels is provided by a poWer requirement 
at 0 miles per hour. 

[0022] In this embodiment, volume density of each motor 
is determined and provided by con?guring each of the ?rst 
and second motors to a poWer requirement and torque 
capacity of 50% of the required poWer and torque to rotate 
the road Wheels When the vehicle is at 0 miles per hour. 
Since the present invention includes at least tWo motors 
operating at 50% of the required poWer and torque, the 
volume density of each motor is reduced relative to the siZe 
of one motor at 100% of the requirements. 

[0023] FIG. 2 depicts a method 110 of actuating a steering 
linkage assembly of a vehicle implemented by the steer-by 
Wire actuating system mentioned above. In this embodiment, 
the assembly and system mentioned above are provided in 
boX 112. In this embodiment, the microcontroller receives a 
steering signal indicative of steering input at the driver 
interface based on a predetermined steering ratio of the 
vehicle in boX 114. The microcontroller processes the steer 
ing signal and transmits ?rst and second command signals to 
the ?rst and second poWer electronic drivers, respectively. 

[0024] In this embodiment, the ?rst poWer electronic 
driver generates a ?rst poWer to the ?rst motor and the 
second poWer electronic driver generates a second poWer to 
the second motor based on the ?rst and second command 
signals, respectively, in boX 116. Then, the ?rst and second 
motors simultaneously apply a ?rst torque and a second 
torque, respectively, on the input shaft to rotate the road 
Wheels in boX 118. As mentioned above, each of the ?rst 
poWer and the second poWer is a percentage of a required 
poWer to rotate the road Wheels during the normal mode. 

[0025] In an event in Which one of the motors or poWer 
drivers fail, the other respective motor or driver may con 
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tinue to operate at its con?gured capacity. Operation of the 
other respective driver and motor allows the vehicle operator 
to maneuver the vehicle to the service facility for trouble 
shooting or repair. 

[0026] Further aspects, features and advantages of the 
invention Will become apparent from consideration of the 
following erudite description and the appended claims When 
taken in connection With the accompanying draWings. 

1. A steer-by-Wire actuating system for actuating a steer 
ing linkage assembly connected to road Wheels of a vehicle, 
the system comprising: 

a microcontroller for controlling an actuation strategy 
including normal and fault modes of the steer-by-Wire 
system, the microcontroller being con?gured to receive 
a steering signal indicative of steering input at a driver 
interface; 

?rst and second poWer electronic drivers in electrical 
communication With the microcontroller for electric 
poWer; and 

a ?rst motor and a second motor for simultaneous opera 
tion With the steering linkage assembly, the ?rst motor 
being in electrical communication With the ?rst poWer 
electronic driver to receive electric poWer therefrom, 
the second motor being in electrical communication 
With the second poWer electronic driver to receive 
electric poWer therefrom, the ?rst and second motors 
being connected to an input shaft of the steering linkage 
assembly for movement thereof to rotate the road 
Wheels based on the steering signal, the ?rst and second 
motors con?gured to cooperate simultaneously to 
rotate the road Wheels during the normal mode. 

2. The system of claim 1 Wherein the ?rst motor provides 
a ?rst poWer and the second motor provides a second poWer, 
each of the ?rst and second poWers being a percentage of a 
required poWer to rotate the road Wheels during the normal 
mode, the ?rst and second motors simultaneously operating 
to provide a combined poWer greater than the required 
poWer to rotate the road Wheels. 

3. The system of claim 1 Wherein the normal mode 
indicates a no fault operating status of the steer-by-Wire 
system. 

4. The system of claim 3 Wherein the fault mode indicates 
a fault operating status of the steer-by-Wire system. 

5. The system of claim 4 Wherein the fault mode includes 
failure of one of the ?rst motor, the second motor, the ?rst 
driver, and the second driver. 

6. The system of claim 3 Wherein the normal mode 
includes simultaneous operation of the ?rst and second 
motors and the fault mode includes independent operation of 
one of the ?rst and second motors. 

7. The system of claim 5 Wherein one of the ?rst and 
second motors independently operates the steering linkage 
assembly to rotate the road Wheels during the fault mode. 

8. The system of claim 1 Wherein the input shaft moves to 
rotate the road Wheels in a rack-and-pinion steering assem 
bly of the vehicle. 

9. The system of claim 1 Wherein the input shaft moves to 
rotate the road Wheels in a recirculating ball Worm and nut 
steering gear assembly. 

10. The system of claim 1 Wherein the output shaft 
includes ?rst and second ends, each of the ends being linked 
to a tie rod, each of the rods being attached to a road Wheel. 
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11. The system of claim 1 further comprising a poWer 
supply in electrical communication With the microcontroller 
and the ?rst and second poWer electronic drivers for sup 
plying poWer to the ?rst and second poWer electronic 
drivers. 

12. The system of claim 2 Wherein the percentage of 
poWer applied from each of the ?rst and second motors is at 
least 50% of the required poWer to rotate the road Wheels 
during the normal mode. 

13. A method of rotating road Wheels of a vehicle With a 
steer-by-Wire system, the method comprising: 

providing a steering linkage assembly including an input 
shaft electrically connected to a driver interface of the 
vehicle, an output shaft connected to road Wheels of the 
vehicle, a gear unit linking the input and output shafts 
for linear movement of the output shaft to rotate the 
road Wheels, and a ?rst motor and a second motor for 
simultaneous operation With the steer-by-Wire steering 
device having an actuating strategy including normal 
and fault detection modes; 

recirculating a steering signal indicative of steering input 
at the driver interface based on a predetermined steer 
ing ratio of the vehicle; 

generating a ?rst poWer to the ?rst motor and a second 
poWer to the second motor based on the steering signal; 
and 

simultaneously applying torque on the input shaft With the 
?rst and second motors to rotate the road Wheels based 
on the steering signal and the ?rst and second poWers, 
each of the ?rst poWer and the second poWer being a 
percentage of a required poWer to rotate the road 
Wheels during the normal mode. 

14. The method of claim 13 Wherein the normal mode 
indicates an operating status of the steer-by-Wire steering 
system having no fault. 

15. The method of claim 14 Wherein the fault detection 
mode indicates an operating status of the steer-by-Wire 
system having a fault. 

16. The system of claim 15 Wherein the fault mode 
includes failure of one of the ?rst and second motors. 

17. The method of claim 14 Wherein the normal mode 
includes simultaneous operation of the ?rst and second 
motors and the fault mode includes independent operation of 
one of the ?rst and second motors. 

18. The method of claim 16 Wherein one of the ?rst and 
second motors independently operates the steer-by-Wire 
steering device to rotate the Wheels during the fault mode. 

19. The method of claim 13 Wherein the steering linkage 
assembly de?nes a rack-and-pinion steering of the vehicle. 

20. The method of claim 13 Wherein the percentage of the 
required poWer to rotate the road Wheels during the normal 
mode is at least 50%. 

21. A steer-by-Wire actuating system for actuating road 
Wheels of a vehicle, the system comprising: 

a steering linkage assembly including an input shaft 
electrically connected to a driver interface, an output 
shaft connected to the road Wheels of the vehicle, and 
a gear unit linking the input and output shafts for linear 
movement of the output shaft to rotate the road Wheels; 

a microcontroller for controlling an actuation strategy 
including normal and fault modes of the steer-by-Wire 
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steering device, the microcontroller con?gured to 
receive a steering signal indicative of steering input at 
the driver interface; 

?rst and second power electronic drivers in electrical 
communication With the microcontroller for electric 
poWer; and 

a ?rst motor and a second motor for simultaneous opera 
tion With the steering linkage assembly, the ?rst motor 
being in electrical communication With the ?rst poWer 
electronic driver to receive electric poWer therefrom, 
the second motor being in electrical communication 
With the second poWer electronic driver to receive 
electric poWer therefrom, the ?rst and second motors 
being connected to the input shaft for movement 
thereof to rotate the road Wheels based on the steering 
signal, the ?rst and second motors con?gured to coop 
erate simultaneously to rotate the road Wheels during 
the normal mode. 

22. The system of claim 21 Wherein the ?rst motor 
provides a ?rst poWer and the second motor provides a 
second poWer, each of the ?rst and second poWers being a 
percentage of a required poWer to rotate the road Wheels 
during the normal mode, the ?rst and second motors simul 
taneously operating to provide a combined poWer greater 
than the required poWer to rotate the road Wheels. 

23. The system of claim 21 Wherein the normal mode 
indicates a no fault operating status of the steer-by-Wire 
system. 

24. The system of claim 23 Wherein the fault mode 
indicates a fault operating status of the steer-by-Wire system. 
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25. The system of claim 24 Wherein the fault mode 
includes failure of one of the ?rst motor, the second motor, 
the ?rst driver, and the second driver. 

26. The system of claim 23 Wherein the normal mode 
includes simultaneous operation of the ?rst and second 
motors and the fault mode includes independent operation of 
one of the ?rst and second motors. 

27. The system of claim 25 Wherein one of the ?rst and 
second motors independently operates the steering linkage 
assembly to rotate the road Wheels during the fault mode. 

28. The system of claim 21 Wherein the input shaft, the 
output shaft, and the gear unit de?ne a rack-and-pinion 
steering assembly of the vehicle. 

29. The system of claim 21 Wherein the input shaft, the 
output shaft, and the gear unit represent a recirculating ball 
Worm and nut steering gear assembly. 

30. The system of claim 21 Wherein the output shaft 
includes ?rst and second ends, each of the ends being linked 
to a tie rod, each of the rods being attached to a road Wheel. 

31. The system of claim 21 further comprising a poWer 
supply in electrical communication With the microcontroller 
and the ?rst and second poWer electronic drivers for sup 
plying poWer to the ?rst and second poWer electronic 
drivers. 

32. The system of claim 22 Wherein the percentage of 
poWer applied from each of the ?rst and second motors is at 
least 50% of the required poWer to rotate the road Wheels 
during the normal mode. 


