(19)
(12)

Meyers et al.

United States

USOORE40268E

Reissued Patent (10) Patent Number: US RE40,268 E

45) Date of Reissued Patent: Apr. 29, 2008

(54) WHEEL LIFT IDENTIFICATION FOR AN
AUTOMOTIVE VEHICLE
(75) Inventors: Joseph Carr Meyers, Farmington Hills,
MI (US); Todd Allen Brown, Dearbom,
MI (US)
(73) Assignee: Ford Global Technologies, LLC,
Dearborn, MI (US)
(21) Appl. No.: 11/019,148
(22) Filed: Dec. 21, 2004
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 6,356,188
Issued: Mar. 12, 2002
Appl. No.: 09/669,513
Filed: Sep. 25, 2000
(51) Int. CL.
B60Q 1/00 (2006.01)
(52) US.CL ..., 340/440; 340/439; 340/441;
340/465; 701/42; 701/45; 701/46; 701/70;
701/71
(58) Field of Classification Search ................. 340/440,
340/439, 441, 465, 438, 701/42, 45, 46,70,
701/71
See application file for complete search history.
(56) References Cited

U.S. PATENT DOCUMENTS

2917126 A 12/1959 Phillips
3,604,273 A 9/1971 Kwok et al.
3,608,925 A 9/1971 Murphy
3,797,893 A 3/1974 Burckhardt
3,899,028 A 8/1975 Morris et al.

3,948,567 A 4/1976 Kasselmann et al.
3,972,543 A 8/1976 Presley et al.
4,023,804 A 5/1977 Lang et al.
RE30,550 E 3/1981 Reise
4,480,714 A 11/1984 Yabuta et al.
4,592,565 A 6/1986 Eagle
4,597,462 A 7/1986 Sano et al.
(Continued)
FOREIGN PATENT DOCUMENTS
DE 36 16 907 11/1987
DE 38 15 938 11/1989
DE 43 21 571 1/1994
DE 42 27 886 2/1994
DE 42 28 893 3/1994
(Continued)

OTHER PUBLICATIONS

U.S. Appl. No. 10/459,697, filed Jun. 11, 2003, Lu.
U.S. Appl. No. 10/608,909, filed Jun. 27, 2003, Lu.

(Continued)

Primary Examiner—Ta1 Nguyen

(74) Attorney, Agent, or Firm—Fred Owens, FEsq.;
Dickinson Wright PLLC

(57) ABSTRACT

A system for detecting wheel lift of an automotive vehicle
has a speed sensor (22) coupled to a wheel (12) of automo-
tive vehicle (10). A torque control system (20) 1s coupled to
wheel (12) to change the torque at the wheel. A controller
(18) 1s coupled to the torque control system and a speed
sensor. The controller (18) determines lift by changing the
torque ol the wheel, measuring the change in torque and
indicating lift 1n response to change 1n torque which may be
indicated by wheel speed.
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WHEEL LIFT IDENTIFICATION FOR AN
AUTOMOTIVE VEHICLE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

The present invention relates generally to a dynamic
behavior control apparatus for an automotive vehicle, and
more specifically, to a method and apparatus for determining,
whether a wheel of an automotive vehicle has lifted from the
pavement.

BACKGROUND

Dynamic control systems for automotive vehicles have
recently begun to be offered on various products. Dynamic
control systems typically control the yaw of the vehicle by
controlling the braking eflort at various wheels of the
vehicle. By regulating the amount of braking at each corner
of the vehicle, the desired direction of the vehicle may be
maintained.

Typically, the dynamic control systems do not address roll
of the vehicle. For high profile vehicles i particular, 1t
would be desirable to control the rollover characteristics of
the vehicle to maintain the vehicle position with respect to
the road. That 1s, 1t 1s desirable to maintain contact of each
of the four tires of the vehicle on the road.

Vehicle rollover and tilt control (or body roll) are distin-
guishable dynamic characteristics. Tilt control maintains the
body on a plane or nearly on a plane parallel to the road
surface. Rollover control 1s used to maintain the vehicle
wheels on the road surface.

Such systems typically use position sensors to measure
the relative distance between the vehicle body and the
vehicle suspension. One drawback to such systems 1s that
the distance from the body to the road must be inferred.

It would therefore be desirable to provide a rollover
detection system having reduced costs and increased reli-
ability in predicting the occurrence of a rollover.

SUMMARY OF THE INVENTION

It 1s therefore one object of the invention to provide a
rollover detection system that may be used 1n conjunction
with the dynamic stability control system of the vehicle to
determine rollover.

In one aspect of the invention, a wheel liit 1dentification
system for an automotive vehicle includes a speed sensor
coupled to the vehicle producing a wheel speed signal. A
torque control system 1s coupled to the wheel for charging
the torque at the wheel. A controller 1s coupled to the torque
control system and the speed sensor. The controller deter-
mines lift by changing the torque of the wheel, measuring,
the change in wheel speed since the torque was changed, and
indicating a wheel lift if the change 1n the wheel speed 1s
greater than a predetermined value.

In a further aspect of the mvention, a method for deter-
mimng wheel lift of a vehicle comprises the steps of:

changing the torque of a wheel;

measuring the change 1 wheel speed since the step of
changing torque; and,

indicating wheel lift 1t the change in wheel speed 1s
greater than a predetermined value.
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In a further aspect of the invention, the changing of the
torque of the wheel may be performed by increasing the
brake pressure for that wheel. When the wheel speed has
significant deceleration, a wheel flag 1s set. When the brake
pressure 1s released and the wheel speed changes greater
than a reacceleration threshold, then wheel contact 1s
assumed. If the wheel speed does not increase over the
reacceleration threshold within a predetermined time, then
wheel lift status 1s confirmed. As an alternative, driveline
torque may be used.

One advantage of the invention 1s that 1n vehicles employ-
ing a dynamic stability control system, additional sensors
may not be required.

Other objects and features of the present invention will
become apparent when viewed in light of the detailed
description of the preferred embodiment when taken 1n
conjunction with the attached drawings and appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a partial cutaway view of an automotive vehicle
having a wheel lift identification system according to the
present 1vention.

FIG. 2 1s a flow chart of a wheel lift identification system
according to the present invention.

FIG. 3A 1s a plot of pressure versus time for a wheel lift
identification system according to one embodiment of the
present 1nvention.

FIG. 3B 1s a plot of wheel speed versus time for a wheel
lift 1dentification system according to one embodiment of
the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The present mnvention 1s described with respect to a wheel
l1ft 1dentification system for an automotive vehicle. Those
skilled 1n the art will recognize that the present invention

may be incorporated 1nto a rollover prevention system for an
automotive vehicle.

Referring now to FIG. 1, an automotive vehicle 10 has a
plurality of wheels 12, two of which are shown as elevated
above a road plane 14. A roll control system 16 1s included
within vehicle 10. The roll control system 16 1s used to
counteract the lifting of wheels 12 from road plane 14 as will
be further described below. Roll control system 16 includes
a roll controller 18 that 1s preferably microprocessor based.
Roll controller 18 may be part of a dynamic stability control
system of the automotive vehicle 10. Roll controller 18 1s
coupled to a torque control system 20 that 1s used to control
the torque of the wheels 12. Although torque control system
20 1s 1llustrated as a separate item, torque control system 20
may be included 1n roll controller 18 which may 1n turn be
included within a dynamic stability control system. Torque
control system 20 may act in conjunction with the electronic
engine controller, a driveline engagement mechanism or
braking system, or a combination of these to control the
torque at one or all of the wheels 12. Torque controller 20
and roll controller 18 may be coupled to wheel speed sensors
22 located at each of the wheels 12. Wheel speed sensors 22
provide roll controller 18 with a signal indicative of the
speed of the individual wheel to which it 1s attached. Various
types of wheel speed sensors 1including toothed-wheel type
systems would be evident to those skilled in the art.
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Other sensors 24 may be coupled to roll control system
16. For example, roll angle sensors, steering wheel angle
sensors, yaw rate sensors, and other sensors may be incor-
porated therein. Other sensors 24, as will be further
described below, may be used to 1identify a condition suitable
for the potential of wheel lift. Such a condition may 1nitiate
turther action by roll control system 16 to verily wheel liit.

In the following example, the application of brake pres-
sure 1s used to provide the change 1n torque. However, other
methods such as applying engine torque may also be used to
change the amount of torque at a wheel. Further references
to the application of torque to a wheel may include hydraulic
or electric brake torque, changes 1n engine torque or engage-
ment of driveline torque through the use of an electronically
controlled transfer case, differential, transmission or clutch.
The present invention may also be used to determine 11 a
sensor has failed in the roll control system 16. That 1s, if roll
1s suspected by a particular sensor but all other conditions or
sensors 1ndicate otherwise, the sensor may be operating
improperly. Also, although speed 1s used, wheel acceleration

may also be used 1n place of speed as would be evident to
those skilled 1n the art.

Referring now to FIG. 2, 1n step 30, 1f a roll sensor failure
1s suspected or 1n step 32 1f wheel lift 1s suspected by the roll
control system 16, block 34 imitiates the wheel 11t determi-
nation process. In step 36, torque 1s applied to the wheel
suspected of lifting and the wheel speed at the suspected
wheel 1s stored. In step 38, the torque 1s increased by
applying a test pulse of torque to the suspected wheel.
Torque 1s applied until a torque threshold (Torque_ Max) 1s
achieved. In step 40, if the torque 1s greater than the
Torque_Max, the torque 1s held constant in step 42. In step
44, 1f the time as counted by the Build__ Counter 1s greater
than a predetermined time, step 46 1s executed 1n which the
torque 1s released and the wheel speed at the mitiation of the
release of torque 1s stored. In step 44, 1f the counter 1s not
greater than the predetermined hold time, the counter is
incremented 1n step 48. After step 48 the change 1n wheel
speed 1s compared to a predetermined change in wheel
speed. If the wheel speed change 1s not greater than a
predetermined speed 1n step 350, steps 3844 are again
executed. If the wheel speed change 1s greater than a
predetermined speed, this indicates a lifted wheel. In this
case, step 52 1s executed 1n which a wheel lift status flag 1s
set. After step 52, step 54 1s executed in which the build
counter 1s reset.

Referring back to step 40, 1f the torque 1s not greater than
the torque threshold then step 50 1s executed.

Referring back to step 46, after the wheel speed 1s
recorded after the torque release, step 56 1s executed. In step
56 torque 1s released. After step 56, step 58 1s implemented
in which the wheel speed change 1s compared to a reaccel-
cration threshold. The reacceleration threshold 1s a prede-
termined value that corresponds to a wheel speed change
that should be achieved should wheel contact be reestab-
lished. The wheel speed change 1s determined from the time
that the torque was released. If the wheel speed change 1s
greater than a reacceleration threshold or it the wheel lift
status from steo 52 1s zero, wheel contact 1s assumed. In such
a case the traction level may be calculated 1n step 60. 11 the
wheel speed does not increase over the reacceleration
threshold, then the wheel lift status 1s confirmed beginning,
with step 70.

Referring back to step 58, if the wheel speed is less than
the reacceleration threshold, step 62 compares the Dump__
Counter to a predetermined dump time. If the predetermined
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dump time 1s greater than the Dump_ Counter, then the
Dump__ Counter 1s incremented in step 64 and steps 56 and
58 are again executed. If the Dump_ Counter 1s greater than
the predetermined dump time, then the wheel liit status flag
1s set 1n step 66 and the Dump_ Counter 1s reset 1n step 68.
After step 68, the process 1s reinitiated and returns to step 36.

Returning back to step 60, the traction level 1s calculated
in step 60. After step 60, the plausibility of a sensor failure
1s determined. If, for example, the process was initiated
based on the suspicion of a sensor failure from block 30
above and no wheel lift was detected, a sensor failure i1s
indicated 1n step 72. For either result, if a sensor failure 1s
indicated by block 70 or not, the build counter and Dump__
Counter are cleared 1n block 74 and the wheel lift status 1s
cleared 1n block 76. The end of the routine occurs in block

78.

Thus, as can be seen, the application of torque can be used
to first determine whether a suspected wheel has lifted from
the pavement. For confirmation, the removal of the torque
and the resulting wheel speed change may be used to
coniirm the mitial finding. Advantageously, the system may
be implemented 1n a dynamic stability system of an auto-
motive vehicle without adding further sensors. If rollover 1s
detected, then the rollover can be corrected by applying the
brakes or generating a steering correction.

Referring now to FIG. 3A, various lines 90, 92, 94 are
illustrated during the build time to illustrate the vanation 1n
pressure of the braking system due to wear and other eflects
of the brakes. Lines 90, 92 94 have little eflect on the overall
operation of the system. Thus, the thresholds and parameters
are selected so that the system 1s robust to wear and system
variation. The maximum pressure P 1s reached and main-

tained for a hold time (such as set forth 1 step 42 above)
until it 1s released.

Retferring now to FIG. 3B, a plot of wheel speed corre-
sponding to the various times 1s 1llustrated. As shown, the
wheel speed of a loaded wheel 1s 1llustrated by line 96 which

1s higher than the wheel speed of a lifted wheel illustrated by
line 98.

While particular embodiments of the invention have been
shown and described, numerous variations alternate embodi-
ments will occur to those skilled in the art. Accordingly, 1t
1s intended that the invention be limited only 1n terms of the
appended claims.

What 1s claimed 1s:

[1. A method for determining wheel lift of a wheel of an
automotive vehicle comprising the steps of:

applying a change of torque to the wheel;

measuring a change 1 a wheel condition since initiating
the step of applying a change of torque;

indicating wheel lift 11 the change 1n the wheel condition
is greater than a predetermined value.}
[2. A method as recited in claim 1 wherein the condition
is one selected from the group of acceleration and speed.]
[3. A method as recited in claim 1 further comprising the
step of removing the change of torque;

measuring a wheel condition after the step of removing

the change of torque.]

[4. A method as recited in claim 3 further comprising the
step of determiming whether the second wheel condition 1s
above a threshold.]

[5. A method as recited in claim 1 wherein the step of
applying a change of torque comprises applying a brake to
the wheel. ]

[6. A method as recited in claim 5 further comprising the
step of releasing the brake;
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determining a wheel condition after the step of releasing
the brake;

when the wheel condition does not increase over a reac-
celeration threshold, confirming wheel 1iit;

when wheel speed condition increases over a reaccelera-

tion threshold, indicating wheel contact.]

[7. A method as recited in claim 1 wherein the step of
applying a change of torque comprises applying engine
torque.}

8. A method for monitoring a predetermined condition of
an automotive vehicle having a plurality of wheels compris-
ing the steps of:

determining a potential for the predetermined condition of
the wheel;

measuring a first wheel speed of a suspected lifting wheel;

thereafter, changing [the] torque [of a] applied to the
suspected lifting wheel from a first torque to a second
torque;

changing the torque [from the vehicle] applied to the
suspected lifting wheel from the second torque to the
first torque;

measuring a second wheel speed of the suspected lifting
wheel

determining a wheel speed change as a function of the first
wheel speed and the second wheel speed;

when the change 1n wheel speed 1s greater than a reac-

celeration threshold, confirming the wheel Iift.

9. A method as recited in claim 8 wherein [the predeter-
mined condition is] determining a potential for wheel lift
comprises determining the potential for wheel lift as a
tfunction of roll angle, steering wheel angle, and road bank
angle.

10. A method as recited 1n claim 8 wherein the step of
changing the torque comprises the step of applying the
brake.

11. A method as recited in claim 8 wherein the step of
changing the torque comprises the step of applying engine
torque.

[12. A method as recited in claim 8 wherein a predeter-
mined condition comprises a sensor failure.}

[13. A method as recited in claim 8 wherein the prede-
termined condition comprises wheel lift.]

14. A method as recited 1n claim 8 further comprising the
step of correcting lift by applying the brakes.

15. A method as recited 1n claim 8 further comprising the
step of correcting lift by applying a steering correction.

16. A method as recited in claim 8 further comprising the
step of calculating a traction level after the step of confirm-
ing wheel lift.

17. A system for detecting lift of a wheel of an automotive
vehicle comprising:

a speed sensor coupled to the wheel producing a wheel

speed signal;

a torque control system coupled to the wheel for changing

[the] torque [at] applied to the wheel,

a controller coupled to the said torque control system and
the wheel speed sensor, said controller determining lift
by changing the torque [of] applied to the wheel,
increasing [the] a brake torque until a maximum brake
torque threshold 1s achieved, detecting a change in
wheel speed since [the] application of tze brake torque,
comparing the change in wheel speed to a threshold,
when the change i wheel speed 1s above the wheel
speed change threshold value, indicating wheel lift,
when the brake torque reaches a maximum value before
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the change in wheel speed reaches the threshold, hold-
ing the brake torque for a predetermined amount of
time, continuing to monitor the change 1n wheel speed
during a hold duration, determining a second change 1n
wheel speed, comparing the second change in wheel
speed to the threshold value, when the second chnage
in wheel speed exceeds the threshold value during the
hold duration, indicating liit.

18. A method for determiming wheel lift of a vehicle

comprising the steps of:

applying a torque to [the] a wheel by applying a brake
torque;

increasing the brake torque to build until a maximum
brake torque threshold 1s achieved;

detecting [the] a change in wheel speed since the appli-
cation of brake torque;

comparing the change in wheel speed to a wheel speed
change threshold;

when the change in speed 1s above the wheel speed
change threshold value, indicating wheel 1ift;

when the brake torque reaches a maximum value before
the change 1n wheel speed reaches the wheel speed
change threshold, holding the torque for a predeter-
mined amount of time;

continuing to monitor the change in wheel speed during a
hold duration;

determining a second change 1n wheel speed;
comparing the second wheel speed to the threshold value;

when the second wheel speed exceeds the threshold value
during the hold duration, indicating a wheel liit.
19. A method as recited in claim 18 further comprising the
steps of:

releasing the torque;
determining a wheel speed change;

when the wheel speed change 1s greater than a reaccel-
eration threshold, indicating wheel contact;

when the wheel speed change 1s less than the reaccelera-

tion threshold, confirming an indication of wheel liit.

20. A method as recited 1n claim 18 further comprising the
step of calculating a traction level.

21. A method as recited 1n claim 18 further comprising the
step of when wheel lift 1s detected, continually monitoring,
the wheel speed change for a sudden increase to acknowl-
edge wheel contact.

22. A method for monitoring wheel lift of an automotive
vehicle having a plurality of wheels comprising the steps of.

determining a potential for wheel lift of the wheel as a
function of road bank angle;

measuring a first wheel speed of a suspected lifting wheel,

thereafter, changing a torque of the suspected lifting
wheel from a first torque to a second torque;

changing the torque of the suspected lifting wheel from the
second torque to the first torque;

measuring a second wheel speed of the suspected lifting
wheel;

determining a wheel speed change as a function of the
first wheel speed and the second wheel speed,;

when the change in wheel speed is greater than a reac-

celeration threshold, confirming wheel lift.

23. A method for monitoring a sensor failure condition of
an automotive vehicle having a plurality of wheels compris-
ing the steps of:

determining a potential for sensor failure;



US RE40,268 E
7 8

measuring a first wheel speed; determining a wheel speed change as a function of the
thereafter, changing a torque of a suspected lifting wheel Jirst wheel speed and the second wheel speed;
from a first torque to a second torque; when the change in wheel speed is greater than a reac-
changing the torque from the second torque to the first 5 celeration threshold, confirming the sensor failure.
lorque;

measuring a second wheel speed, £k k% ok
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