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ABSTRACT OF THE DISCLOSURE
An accelerator pedal information feedback system is provided for allowing the
driver of the large electric vehicle to realize the status of the power system in
real time. The information feedback system uses the power system
information of the vehicle to calculate the systematic loading status
information and feeds the information back to the driver. Consequently, the

driver can realize the loading status of the power system 1n real time.
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ACCELERATOR PEDAL INFORMATION FEEDBACK SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to an accelerator pedal information
feedback system for providing the loading status information of a power
system to a driver, and more particularly to an accelerator pedal information
feedback system using sensors to collect systematic operating information,
using a computer program to calculate the loading status of a power system of
the vehicle, adjusting the damping force of an accelerator pedal according to
the loading status information and providing the loading status information to
the driver. The accelerator pedal information feedback system is applied to a
large electric vehicle.

BACKGROUND OF THE INVENTION

[0002] In comparison with the vehicles using internal combustion
engines, electric vehicles have many benefits such as low noise and low
vibration. Generally, while driving the vehicle with the internal combustion
engine, the driver can realize the loading condition of the engine and judge
whether the operation of the vehicle is normal according to the vibration and
noise generated by the engine. Due to the low noise and the low vibration ot
the electric vehicle, the driver cannot realize the operating condition of the
electric vehicle according to the generated vibration and noise. Consequently,
the possibility of causing breakdown of the electric vehicle in the overloading
or overheating condition will be increased. Although the vehicle body 1s
equipped with instruments, the driver may ignore the messages on the

instruments if the traffic condition is crowded or the driving time period 1s

very long.
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SUMMARY OF THE INVENTION

[0003] As previously described, the vehicle using the 1nternal
combustion engine may generate vibration and noise during operation of the
vehicle. The features of the vibration and the noise are correlated with the
loading status of the power system. Consequently, the driver can realize the
loading status of the power system of the vehicle by sensing vibration and
noise of the vehicle. In case that the vehicle using the internal combustion
engine 1s replaced by the electric vehicle, the driver cannot realize the loading
status of the power system because the vibration and noise generated by the
power system of the electric vehicle are largely reduced. It the power system
1s operated in the heavy loading condition for a long time, the overheating and
overloading problems possibly occur.  Although the current-limiting
protection mechanism is enabled according to the loading status, the command
inputted by the driver cannot match the real output power of the vehicle.
Under this circumstance, the driver feels tired and distrusts the vehicle. If an
emergency situation occurs and large power output 1s required, the power 1s
limited and an accident possibly happens.

[0004] Conventionally, if the large electric vehicle 1s in the heavy
loading status for a long time, the power system of the large electric vehicle
has an overheating problem. The present invention provides an improved
systematic loading status feedback system for effectively transmitting the
systematic loading information to the driver. Consequently, the overheating
problem of the large electric vehicle in the heavy loading status will be
overcome.

[0005] The present invention has the following objects. A first object 1s

to provide a systematic loading status feedback system without adversely
2
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affecting the driver’s attention to the surroundings. A second object to
provide a mechanism for feeding a systematic loading status back to the driver
in real time. A third object is to provide a systematic loading status feedback
system with enhanced safety. A fourth object is to provide a high safety
systematic protection mechanism for avoiding the overloading problem that 1s
caused from improper operation.

[0006] In accordance with an aspect of the present invention, there is
provided an accelerator pedal information feedback system. The accelerator
pedal information feedback system includes a base plate, a movable pedal, a
pedal angle sensor, a fixed elastic element, an adjustable elastic element, a
systematic loading status sensor and a control unit. The base plate is coupled
with a vehicle structure to provide a firm mounting base. The movable pedal
is disposed on the base plate. The pedal angle sensor is used for sensing a
displacement of the pedal. The fixed elastic element is used for providing a
fixed damping force to the pedal. The control unit is used for controlling the
adjustable elastic element to provide a variable damping force to the pedal

according to an information provided by the systematic loading status sensor.

[0007] In an embodiment, the fixed elastic element is a spring.

[0008] In an embodiment, the fixed elastic element is a rubbery
elastomer.

[0009] In an embodiment, the fixed elastic element is an electromagnetic
actuator.

[0010] In an embodiment, the adjustable elastic element is a spring, and

the variable damping force is correspondingly changed when a preloading

force applied to the spring 1s changed.
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[0011] In an embodiment, the adjustable elastic element 1s a pneumatic
spring, and the variable damping force is correspondingly changed when a gas
pressure of the pneumatic spring is changed.

[0012] In an embodiment, the adjustable elastic element 1s an
electromagnetic actuator.

[0013] In accordance with another aspect of the present invention, there
is provided an accelerator pedal information feedback system.  The
accelerator pedal information feedback system includes a base plate and a
movable pedal. The base plate is coupled with a vehicle structure to provide
a firm mounting base. The movable pedal is disposed on the base plate, and
selectively moved in a first moving range or a second moving range. A fixed
damping force is provided to the pedal when the pedal is in the first moving
range. A variable damping force is provided to the pedal when the pedal 1s
in the second moving range. The variable damping force is correlated with
loading information of a power system of a vehicle.

[0014] In accordance with a further aspect of the present invention, there
is provided an accelerator pedal information feedback system of a large
electric vehicle. The accelerator pedal information feedback system includes
an accelerator pedal, a first elastic element, a control unit, a second elastic
element and a preloading adjustment mechanism. The first elastic element
provides a fixed damping force to the accelerator pedal. The control unit is
used for receiving a temperature information of a power system and
calculating a systematic loading coefficient according to a mathematic
formula containing the temperature information of the power system. The
preloading adjustment mechanism is used for generating a variable damping

force to the accelerator pedal according to the systematic loading coefficient.
4
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A driver of the electric vehicle realizes a real-time loading condition of the
power system according to a change of the variable damping force.

[0015] In an embodiment, the control unit further receives a temperature
information of a motor controller, and the mathematic formula for calculating
the systematic loading coefficient further contains the temperature information
of the motor controller.

[0016] In an embodiment, the control unit further receives an inner
temperature information of a motor, and the mathematic formula for
calculating the systematic loading coefficient further contains the inner
temperature information ot the motor.

[0017] In an embodiment, the control unit further receives a temperature
information of a battery, and the mathematic formula for calculating the
systematic loading coefficient further contains the temperature information of
the battery.

[0018] [n an embodiment, the control unit further receives a residual
battery capacity information, and the mathematic formula for calculating the

systematic loading coefficient further contains the residual battery capacity

information.

[0019] In an embodiment, the control unit further receives a cumulative
driving time information, and the mathematic formula for calculating the

systematic loading coefficient further contains the cumulative driving time

information.

[0020] In an embodiment, the control unit further receives a vehicle
weight information, and the mathematic formula for calculating the systematic

loading coefficient further contains the vehicle weight information.
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[0021] The above contents of the present invention will become more
readily apparent to those ordinarily skilled in the art after reviewing the
following detailed description and accompanying drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] FIG. 1 schematically illustrates an accelerator pedal intormation
feedback system according to a first embodiment of the present invention; and
[0023] FIG. 2 is a flowchart illustrating a control method for the
accelerator pedal information feedback system of the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0024] The present invention provides a systematic loading status
feedback system in order to effectively solve the following drawbacks.

[0025] Firstly, if the driver wants to realize the systematic loading status,
the driver has to pay attention to the instruments, and thus the driver is unable
to pay attention to the surroundings while looking at the instruments.
Conventionally, the power system messages are shown on the instruments that
are installed on the driving console. For reading the systematic loading
status, the driver has to divert the line of vision from the road surface to the
driving console. Under this circumstance, the driver may not pay attention to
the road condition temporarily. If an emergency situation occurs during this
time period, the processing timing is delayed and an accident possibly
happens.

[0026] Secondly, the driver cannot intuitively realize the systematic
loading status, and thus the driver has to take time and pay attention to
interpret the obtained messages.  Conventionally, the power system
information is shown in a digital form or a pointer form. After the messages

are received, the driver needs mental ability to interpret the received messages.
6
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Furthermore, since the driver has to divert the line of vision between the road
surface and the driving console, the eyes’ fatigue of the driver may intluence
the concentration.

[0027] Thirdly, 1f the systematic loading status warning function has a
breakdown, the driver’s ability to manipulate and concentrate the vehicle 1s
adversely affected. Conventionally, the overloading warning message ot the
power system is indicated by a light of flash or a warning sound to prompt the
driver that the vehicle is overloaded. If the sensor has a malfunction to result
In erroneous judgment, the sustained flash light or warning sound may
influence the concentration and mood of the driver and may panic the
passengers.

[0028] Fourthly, if the system is in the overloading state, the driver is
unable to manipulate the vehicle because of the current-limiting protection
mechanism, and thus the vehicle is at the risk. Conventionally, the
overloading protection mechanism of the power system is determined by the
control system according to the limitation of the output current, and the
overloading protection mechanism is used to reduce the output power of the
vehicle in order to avoid the overloading condition of the power system. If
the driver needs motive power to avoid the accident while the overloading
protection mechanism is enabled, the driver may not precisely manipulate the
vehicle. Under this circumstance, the accident possibly happens.

[0029] For effectively solving the above drawbacks, the present
invention provides an accelerator pedal information feedback system. In an
embodiment of the present invention, the accelerator pedal information
feedback system includes a damping force-adjustable accelerator pedal

mechanism, plural systematic status sensors and a control unit. The damping
7
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force-adjustable accelerator pedal mechanism comprises a pedal base plate, a
pedal body, a pedal angle sensor, a fixed elastic element, an adjustable elastic
element and a preloading adjustment mechanism.

[0030] The plural systematic status sensors are used for sensing the
loading status information of the power system and providing the information
to the control unit. For example, the systematic loading status intormation
includes a motor temperature information, a motor driver temperature
information, a battery temperature information, a cooling system temperature
information and a battery charge status information. The control unit
determines the damping force of the pedal according to the information
provided by the systematic status sensors, and controls the accelerator pedal
mechanism to perform a corresponding adjusting operation. Moreover, the
control unit calculates a systematic loading coefficient according to a
mathematic formula containing the received temperature information of the
power system.

[0031] Please refer to FIGS. 1 and 2. FIG. 1 schematically 1llustrates
an accelerator pedal information feedback system according to a first
embodiment of the present invention. FIG. 2 is a flowchart illustrating a
control method for the accelerator pedal information feedback system ot the
present invention. A base plate 101 is coupled to a vehicle structure so as to
provide a firm mounting base. A pedal 102 is pivotally coupled to the base
plate 101, and rotatable relative to a rotation shaft. An angle sensor 103 1s
connected with the pedal 102 and the base plate 101 for sensing an angle
between the pedal 102 and the base plate 101. Moreover, the angle sensor

103 is used to provide a displacement of the pedal 102 to the power system.
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[0032] A fixed elastic element is used for providing a stable damping
force to the pedal 102. The fixed elastic element is a first spring 104 (or a
first elastic element). An example of the fixed elastic element includes but 1s
not limited to a spring, a rubbery elastomer or an electromagnetic actuator.
[0033] A second spring 105 is separated from the pedal 102 by a
specified distance. If the displacement of the pedal 102 is smaller than the
specified distance and in a first moving range, the pedal 102 is not 1n contact
with the second spring 102. Meanwhile, only the first spring 104 provides
the damping force to the pedal 102. If the displacement of the pedal 102 1s
larger than the specified distance and in a second moving range, the pedal 102
is in contact with the second spring 105. Meanwhile, both of the first spring
104 and the second spring 105 provide the damping force to the pedal 102.
The second spring 105 (or a second elastic element) is an example of an
adjustable elastic element. An example of the second elastic element 105
includes but is not limited to a spring, a pneumatic spring or an
electromagnetic actuator.

[0034] A pre-compressor 106 is used for providing a preloading force to
the second spring 105. In response to the preloading force, the damping
force provided to the pedal 102 by the second spring 105 is increased. When
a preloading adjustment mechanism 107 receives a command from a control
unit, the preloading adjustment mechanism 107 adjusts the preloading force of
the pre-compressor 106. Consequently, the damping force provided from the
second spring 105 to the pedal 102 is correspondingly adjusted. In case that
the second elastic element 105 is a pneumatic spring, the preloading

adjustment mechanism 107 controls the pre-compressor 106 to change a gas
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pressure of the pneumatic spring. Consequently, the damping force of the
pneumatic spring applied to the pedal 102 is correspondingly changed.

[0035] The present invention further provides a control method. When
the vehicle is started, the following steps are performed to control the
preloading adjustment mechanism 107. .

[0036] In a step 1, the system enters a self-checking state to confirm
whether all sensors are normally operated.

[0037] In a step 2, plural systematic sensors provide systematic loading
status information to the control unit. The systematic loading status
information includes a motor temperature information, a motor driver
temperature information, a battery temperature information, a cooling system
temperature information and a battery charge status information. Moreover,
the mathematic formula for calculating the systematic loading coefficient may
further contain a temperature information of a motor controller, an inner
temperature information of a motor and a temperature information of a
battery.

[0038] In a step 3, the control unit calculates a damping force of the
pedal according to the systematic loading status information, and calculates a
corresponding preloading force according to a parameter of the second spring

105.

[0039] In a step 4, the preloading force is converted into a control
command, and the control command is transmitted to the preloading
adjustment mechanism 107. Consequently, the preloading adjustment

mechanism 107 controls the pre-compressor 106 to adjust the preloading force

to the second spring 105.

10
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[0040] In a step 5, the control method is ended after the preloading force
to the second spring 105 1s adjusted, and a next startup procedure 1s waited.
Moreover, the mathematic formula for calculating the systematic loading
coefficient may further contain a residual battery capacity information, a
cumulative driving time information and a vehicle weight information.

[0041] The accelerator pedal information feedback system and the
control method of the present invention can overcome the overloading
problem of the power system. In addition, the control unit can enhance the
driving safety or the energy utilization efficiency by using other
vehicle-related information. For example, the vehicle-related information
includes the vehicle weight information, the section speed limit, the
cumulative driving time information, the distance from the front car and the
battery charge status information.

[0042] The concepts of the present invention can solve the drawbacks of
the conventional technologies and achieve the following advantages.

[0043] Firstly, during the driving period, the driver can realize the
systematic loading status according to the damping force of the accelerator
pedal. Consequently, the driver does not need to divert the line of vision
from the road surface to the driving console and the vehicle 1s not at risk.
[0044] Secondly, the driver can intuitively realize the systematic loading
status according to the damping force of the accelerator pedal without the need
of interpreting the data or the pointer position. When compared with the data
or the pointer position to be interpreted, the damping force of the accelerator
pedal sensed by the leg’s muscles can transmits the systematic loading status

information to the driver more immediately.

11
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[0045] Thirdly, if the system has a breakdown, only the damping force
of the second spring applied to the pedal is influenced. That 1s, the driver’s
ability to manipulate the vehicle is not adversely affected, and the tlash of
light or the warning sound that easily influence driver is not generated.

[0046] Fourthly, in case that the power system is in the heavy loading
status, the information feedback system of the present invention only increases
the damping force of the second spring that is applied to the pedal and does
not limit the output of the power system. If the driver wants to large increase
the output power of the vehicle while avoiding the accident, the driver only
needs to provide a large downward force to stamp on the pedal.
Consequently, the power system can still provide the output power according

to the displacement of the pedal.

12
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CLAIMS:

1. An accelerator pedal information feedback system, comprising:

a base plate coupled with a vehicle structure to provide a firm mounting base;

a movable pedal disposed on the base plate, and selectively moved 1n a first moving
range or a second moving range,

wherein a fixed damping force is provided to the pedal when the pedal is in the first
moving range, and a variable damping force is provided to the pedal when the pedal 1s 1n the
second moving range, wherein the variable damping force is correlated with loading

information of a power system of a vehicle.

2. An accelerator pedal information feedback system of a large electric vehicle, the
accelerator pedal information feedback system comprising:

an accelerator pedal;

a first elastic element for providing a fixed damping force to the accelerator pedal;

a control unit for receiving a temperature information of a power system and calculating
a systematic loading coefficient according to a mathematic formula containing the temperature
information of the power system;

a second elastic element; and

a preloading adjustment mechanism for generating a variable damping force to the
accelerator pedal according to the systematic loading coefficient, wherein a driver of the
electric vehicle realizes a real-time loading condition of the power system according to a

change of the variable damping force.

3.  The accelerator pedal information feedback system of claim 2, wherein the control unit
further receives a temperature information of a motor controller, and a mathematic formula for

calculating the systematic loading coefficient further contains the temperature information of

the motor controller.

4. The accelerator pedal information feedback system of claim 3, wherein the control unit

further receives an inner temperature information of a motor, and a mathematic formula for

13
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calculating the systematic loading coefficient further contains the inner temperature

information of the motor.

5. The accelerator pedal information feedback system of claim 2, wherein the control unit
further receives a temperature information of a battery, and a mathematic formula for
calculating the systematic loading coefficient further contains the temperature information of

the battery.

6. The accelerator pedal information feedback system of claim 2, wherein the control unit
further receives a residual battery capacity information, and a mathematic formula for
calculating the systematic loading coefficient further contains the residual battery capacity

information.

7. The accelerator pedal information feedback system of claim 2, wherein the control unit
further receives a cumulative driving time information, and a mathematic formula for
calculating the systematic loading coefficient further contains the cumulative driving time

information.
8. The accelerator pedal information feedback system of claim 2, wherein the control unit

further receives a vehicle weight information, and a mathematic formula for calculating the

systematic loading coefficient further contains the vehicle weight information.

14
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