0 01/77812 Al

=

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number

WO 01/77812 Al

(51) International Patent Classification’: GO6F 7/00, (74) Agents: ANDERSON, Edmund, P.; Delphi Technolo-
17/00, 19/00, B62D 6/00, 11/00, 12/00, GO5D 1/00 gies, Inc., Legal Staff M/C 480-414-420, P.O. Box 5052,
Troy, MI 48007-5052 et al. (US).

(43) International Publication Date

18 October 2001 (18.10.2001)

(21) International Application Number: PCT/US01/11573
(81) Designated States (national): BR, JP.

(22) International Filing Date: 9 April 2001 (09.04.2001)
(84) Designated States (regional): European patent (AT, BE,

(25) Filing Language: English CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE, TR).

26) Publication Language: English

(26) guag & Published:

(30) Priority Dat —  with international search report
riority Data:

60/195,891 7 April 2000 (07.04.2000) US
For two-letter codes and other abbreviations, refer to the "Guid-

ance Notes on Codes and Abbreviations" appearing at the begin-

(71) Applicant: DELPHI TECHNOLOGIES, INC. ning of each regular issue of the PCT Gazette.

[US/US]; Legal Staff M/C 480-414-420, 1450 West
Long Lake, Troy, MI 48007-5052 (US).

(72) Inventors: KLEINAU, Julie, Ann; 3233 Old Kawkawlin
Road, Bay City, MI 48706 (US). CHANDY, Ashok; 853
Whisperwood Trail, Fenton, MI 48430 (US).

(54) Title: DAMPING OF VOLTAGE-CONTROLLED BRUSHLESS MOTORS FOR ELECTRIC POWER STEERING SYS-
TEMS

(57) Abstract: An electric power steering system (24) includes a steering wheel or columm (26, 29), a voltage-controlled electric
assist motor (46) connected to the steering wheel or columm, and an electronic controller (16) electrically connected to the assist
motor that receives a first signal representing a torque command to the assist motor and a second signal representing an angular
velocity of the assist motor, and produces a voltage signal according to an assist-dependent damping function (100, 200, 300, 401)
of the first and second signals, and uses the voltage signal to control the voltage-controlled electric assist motor (46) in response to
the assist-dependent damping function.



WO 01/77812 PCT/US01/11573

10

15

20

DAMPING OF VOLTAGE-CONTROLLED BRUSHLESS MOTORS
FOR ELECTRIC POWER STEERING SYSTEMS

BACKGROUND !

In a vehicle equipped with electric power steering (“EPS”), the steering
assist may be provided by an electric motor coupled to the steering column or
shaft. In order to provide a stable and precise feel to the steering, it is desirable
to provide input-dependent damping. An example of such a system is presented
in U.S. Patent No. 5,919,241 (“the ‘241 patent™), Vehicle Having Electric
Power Steering With Active Damping, filed Dec. 13, 1996 and assigned to the

assignee of the present application.

The ‘241 patent shows input-dependent damping of a current-controlled
EPS motor capable of actively damping the EPS response at higher vehicle
speeds. At lower vehicle speeds, the inherent damping from mechanical and
motor control sources was adequate to ensure stability and robustness since the
motor controller included a hardware current loop that added damping by slope
compensation to ensure stability of the current loop. Slope Compensation is a
method well known in the art for stabilizing fixed frequency pulse width
modulated closed loop current control, which involves the addition of a negative
periodic triangular wave voltage to the reference voltage in the current control
circuit. The period of the triangular wave voltage is equal to the pulse width
modulation frequency. Slope compensation reduces the peak current allowed as
the field-effect transistor (“FET”) duty cycles become longer, such as when the

motor speed increases.

At higher vehicle speeds, the input-dependent damping algorithm added
additional damping to achieve the desired free control response. Excessive

amounts of input-dependent damping would have adversely affected the on-
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center feel and return performance of the EPS system since the damping acts as

a brake to slow the system down when returning to center.

Although a current-controlled motor has an inherently controllable
torque output, a voltage-controlled brushless motor has an inherently
controllable angular velocity (“speed”) output instead. A voltage-controlled
brushless motor has certain advantages over a current-controlled motor that may
be exploited to meet design criteria in an EPS system. Unfortunately, the torque
output of a voltage-controlled brushless motor requires a more advanced
controller than that required for a current-controlled motor in order to
adequately damp the EPS system. Thus, it is desirable to provide at least one of
input-dependent and assist-dependent damping of voltage-controlled brushless

motors in EPS applications.
SUMMARY

The above described and other features are exemplified by the following
Figures and Description in which an electric ﬁower steering system is disclosed
that includes a steering wheel, a voltage-controlled electric assist motor
connected to the steering wheel or steering column, and an electronic controller
electrically connected to the assist motor that receives a first signal representing
a torque command to the assist motor and a second signal representing an
angular velocity of the assist motor, and produces a voltage signal according to
an aésist—dependent damping function of the first and second signals, and uses
the voltage signal to control the voltage-controlled electric assist motor in

response to the assist-dependent damping function.
BRIEF DESCRIPTION OF THE DRAWINGS
Referring now to the Figures wherein like elements are numbered alike:

FIG. 1 is a schematic diagram of an electric power steering system

having a controller;
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FIG. 2 is a block diagram of a portion of the controller of FIG. 1 having

assist-dependent damping;

FIG. 3 is a block diagram of an alternate embodiment portion of the

controller of FIG. 1 having assist-dependent damping;

FIG. 4 is a block diagram of another alternate embodiment portion of the

controller of FIG. 1 having assist-dependent damping; and

FIGs. 5 and 6 are block diagrams of a portion of the controller of FIG. 1

having assist-dependent damping and input-dependent damping.
DESCRIPTION OF PREFERRED EMBODIMENTS

Damping is a desirable characteristic for an electric power steering

(“EPS”) system. In embodiments of U.S. Patent No. 5,919,241 (“the ‘241

 patent” as introduced above), some damping was provided by the hardware

current loop utilizing slope compensation in addition to the damping provided

'by the motor inductance. In voltage-controlled EPS motors there is no

hardware current loop, so alternate means are desirable for accomplishing

damping comparable to that available with current-controlled EPS motors.

A voltage command with back electro-motive force (“BEME”)
compensation control strategy used in voltage-controlled motors does not
exhibit damping due to inductance. Without this damping, the system
performance is very sensitive to normal parameter variations. Such sensitivity
leads to difficulty designing compensators having adequate stability and

robustness.

The choice of software damping provides improved robustness to
parameter variations and allows for more straightforward compensation control
design than BEMF strategies. However, simply using an algorithm of the type

shown in the ‘241 patent does not provide the same quality of damping as a

‘hardware current loop. Drawbacks of such an approach include undesirable

quantization of the damping torque due to the software resolution of the torque
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command to the motor and the velocity input from the motor, wherein
unacceptably high quantization error levels in the torque output versus speed-for
a brushless motor are due to the software commands. The limited resolutions of
the motor velocity and the damping torque substantially contribute to this
quantization error. This quantization error typically has the undesirable effect
of causing the software damping to be ineffective over small changes in motor

velocity.

A voltage-controlled motor with or without a phase advance control
algorithm has an output resolution of the voltage command that is preferably
finer than the output resolution required for current-controlled motors (such as,
for example, embodiments of the ‘241 patent). The finer resolution in output
voltage is provided to ensure good torque resolution and low quantization error

in the torque output over variations in motor velocity.

Although the resolution requirements for voltage-controlled motors are
typically more stringent than for current-controlled motors, which only require
damping to eliminate free control, an EPS system incorporating voltage-
controlled motors has a high-resolution voltage output that can be leveraged to
improve the damping torque resolution. In addition, the value of added
damping may be made dependent on the level of assist torque to further increase

controllability.

Because a current-controlled motor had more damping, a higher stall
torque was required in order to achieve a given torque at the peak power point.
With a voltage-controlled motor, one benefit is that the system may be sized for
an output torque at the peak power point for the system and does not require a
higher output at stall speed, such as would be required in a system having
current-control with slope compensation. The peak power point of the system
occurs at the knee of the torque versus speed curve, where the downward slope
of the curve increases significantly due to the supply voltage limit being
reached. The voltage-controlled system has no slope compensation to add

damping.
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Although BEMF compensation alone, if sufficiently accurate, may allow
for a substantially “flat” torque versus speed curve for a voltage-controlled
motor with drive electronics, mechanical and magnetic viscous damping will
still provide a small slope. However, this level of damping performance, which
has advantages for on-center feel and return performance, is substantially less
than a current-controlled system, and therefore has the undesirable effect of a
poorly damped system response under high loads. This is especially noticeable
on steering column direction reversals, where a steering column resonance
mode may be briefly excited. This is felt in the vehicle as a vibration or rur;able
in the corner, or as an increased inertial feel for on-center reversals. In order to

enhance system stability, more damping is required.

An embodiment of the present algorithm allows for an additional
damping value to be added to the system. Instead of being a constant over assist
level, the amount of damping can be changed versus assist level to provide for
larger values of damping at higher assist torques, and lesser or no extra damping
at low assist torques (such as encountered on-center) in order to prevent
returnability and on-center feel from being adversely affected. Thus, the assist
dependent damping level is varied with assist level to provide greater damping
at the higher system gains that occur when the assist level is high. The system
gain is substantially reduced at low assist levels, which results in a reduced
assist dependent damping level for low assist levels. This is desirable since at
high assist torques corresponding to high system gains, the system stability is
more of an issue than on-center feel (high assist torque/high gains are not
present on-center). At low assist torques/low system gains, the system stability

is less of an issue and on-center feel is more important.

The equations used to control the voltage-controlled brushless motor are

listed below.

The following represent the voltage command to the motor:

V=T.Kl + onK2 ' (1)
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where V is the line-to-line peak voltage, T is the torque command, ®m
is the motor mechanical velocity, and K1 and K2 are functions of at least one of
motor mechanical velocity o, and phase advance angle 8. All parameters may
be expressed in ST units. The ©,K2 term represents the back electro-motive
force (“BEMF”) compensation being performed. If BEMF compensation is not

desired, the ®,K2 term may be eliminated.

One way to add software damping to the output command involves
subtracting a quantity corresponding to the damping torque factor B from the
torque command T, and substituting T4 = T. - ®m B in place of T, in the above
equation (1). However since the resultant damped torque command T4 has the
same resolution as T, an unacceptably quantized damping torque results.
Either the torque command resolution can be increased, involving rescaling of

the algorithm, or the equation can be rearranged as follows:

V=T,KIl — 0B K1 + 0, K2 3)
V=T, K1 + on (K2 -BK1) )

Since the resolutions for K1 and K2 are preferably performed at the
higher resolution of the voltage command, the generated damping torque is also
at the higher resolution. This rearrangement obviates the need for any
additional rescaling of the algorithm and results in the torque command
resolution being unaffected. There are two versions of the voltage equations
that may be used in alternate embodiments of voltage-controlled EPS systems.
The first version treats K1 and K2 as interpolated functions of speed, where & is
a function of speed only. The second version is where K1 and K2 are calculated
directly, and § is free to be a function of both torque and speed. This same
equation rearrangement fits easily into both algorithm structure versions without

requiring rescaling.
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The resolution of the assist-dependent damping torque is chosen such
that stability enhancement due to the added damping is achieved. Thiswill be
more stringent than the requirement for input-dependent damping, which
typically ranges from about 0.1 Nm/RPM to about 0.5 Nm/RPM at the steering
column output shaft. This also requires that the motor velocity resolution be
compatible with the maximum range of damping torque allowed by the system

embodiment.

The range of damping to be provided is preferably at least as large as the
inherent damping in a current-controlled system, typically from about three to
about six times that required for input-dependent damping at the steering
column output shaft. The tunable range could be larger, such as, for example,
comparable to the range for input-dependent damping for a given current-
control algorithm. The larger the value of damping required, the finer the
resolution requirement for the motor velocity in order to prevent large changes
in torque output for small changes in motor velocity. Excessively large values
of damping may be undesirable for achieving certain performance criteria, so
substantially the smallest damping value necessary to achieve acceptable

damping performance is preferably used.

Some embodiments of the present voltage-controlled system make it
possible to coordinate input-dependent damping, which is dependent on input
torque, with assist-dependent damping, which is dependent on assist torque, as
an alternative to adding the two damping values together to form a single

damping value.

As shown in FIG. 1, a motor vehicle 10 is provided with an electric
power steering (“EPS™) system 24. The EPS system 24 may comprise a
conventional rack and pinion steering mechanism 36, which includes a toothed
rack 50 and a pinion gear (not shown) under a gear housing 52. As a steering
input member or wheel 26 is turned, a steered member or upper steering shaft
29 turns a lower steering shaft 51 through a universal joint 34; and the lower

steering shaft 51 turns the pinion gear. Rotation of the pinion gear moves the
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rack 50, which moves a pair of tie-rods 38 (only one shown), which, in turn,
move a pair of steering knuckles 39 (only one shown) to turn a pair of road

wheels 42 (only one shown).

Electric power assist is provided through a controller 16 and a power
assist actuator or electric motor 46. The controller 16 receives electric power
from a vehicle electric power source 40 through a line 12, a signal
representative of the vehicle velocity on line 14, and steering pinion gear angle
from a column or shaft rotational position sensor 32 on line 20. As the steering
wheel 26 is turned, a torque sensor 28 senses the torque applied to steering
wheel 26 by the vehicle operator and provides an operator torque signal to
controller 16 on line 18. In addition, as a rotor of the motor 46 turns, rotor
position signals for each phase are generated within motor 46 and provided over
lines 30 to the controller 16. In response to the vehicle velocity, operator
torque, steering pinion gear angle and rotor position signals received, controller
16 derives desired motor voltages and provides such voltages through lines 22
to motor 46, which supplies torque assist to steering shaft 29, 51 through worm
47 and worm gear 48. If the torque sensor 28 is of the type that requires the
upper steering shaft 29 to be separated at the sensor between upper and lower
sections allowing some range of rotational independence, both rotational
position sensor 32 and worm gear 48 are associated with the lower section of

the steering shaft below torque sensor 28, as shown.

Turning to FIG. 2, an assist-dependent damping algorithm embodiment
is indicated generally by the reference numeral 100. The assist-dependent
damping algorithm 100 is implemented by the controller 16 of FIG. 1. The
unsigned torque command signal is received on line 112, and used to look up
the corresponding damping value from the damping table 114. The looked up
damping value is received on line 115, and multiplied by the signed motor
velocity signal from line 116 at multiplier 118. In this embodiment, the motor
velocity signal o, is determined by differentiating an output of the position

sensor 32. However, it is contemplated that alternate embodiments may obtain
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the motor velocity signal @, from a velocity sensor, such as, for example, a

tachometer or a resolver.

The multiplied result of multiplier 118 is received on line 119 and then
divided by divider 120. The divided result is received on line 122 and then
limited at first limiter 124. The first limiter 124 also receives the unsigned
torque command on line 112, and produces a damping torque signal on line 126.
The damping torque signal on line 126 is subtracted from a signed torque
command received on line 128 by an adder 130. The result from adder 130 is
passed via line 131 to a second limiter 132, which limits the value of the result
to the maximum value of one storage byte or 255, or whatever size is required
for similar embodiments. The value limited by limiter 132 is the damped torque

command output on line 134.

Actual sign management may be handled differently due to coding
considerations. The limiters prevent the assist-dependent damping algorithm

from causing the sign of the torque command to change and thereby cause a

braking effect. Where the torque command and the motor speed have opposite

signs, it is adequate to limit the damping torque to a single byte value.

The sign of the damﬁing torque signal on line 126 is equal to the sign of
the motor velocity signal on line 116. In limiter 124, quadrant I is defined as
the motor operating condition where the torque command and the motor speed
signals have the same sign, and quadrant I is defined as the motor operating
condition where the torque command and the motor speed signals have opposite
signs. Quadrant II situations arise on reversals of the steering system. In terms
of limiting, the quadrant I and quadrant II information is used to determine
which limit is required. If the system is presently operating in quadrant I, then
the torque and motor velocity signals have the same sign, and the unsigned
torque command is used as the limiting value. If the system is in quadrant II,
the torque and velocity signals have opposite signs, and the value of 255 is used

as the limit in this embodiment.
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The limiter 124 prevents the assist-dependent damping from changing
the overall sign of the torque command. However, an alternate embodiment
omits part of the first limiter 124 that limited the size of the damping torque to
the size.of the torque command. The second part of the limiter 124 that
implements the hard magnitude limit (255 counts in the specific example in the
figure) is retained in this alternate embodiment. The alternate embodiment has
the additional advantage that it gives a more linear response than the

embodiment with both parts of the limiter 124.

The instruction code for the exemplary embodiment contains the
damping table 114, which includes damping values corresponding to various
values of torque command. In this exemplary embodiment, the damping values
may be further determined using interpolation between particular table values.
This damping value is scaled to the steering column output shaft by multiplying
the motor damping by each of the assist ratio squared, the assist efficiency, and

a constant.

Turning now to FIG. 3, an alternate embodiment assist-dependent
damping algorithm is indicated generally by the reference numeral 200. The
assist-dependent damping algorithm 200 is implemented by the controller 16 of
FIG. 1. The torque command signal Tcmq is received on line 212 by the B
damping function block 214. The damped signal B{T} is fed to line 215. The
motor speed signal  is received on line 216 by K; function block 240, the
output of which is received on line 242. The signal on line 242 is multiplied by
the torque command signal Ty on line 212 by multiplier 244, and output on
line 246. The signal on line 242 is separately multiplied by the damped signal
on line 215 by a multiplier 218, and output on line 226.

The K, function block 248 receives the motor speed sighal ® on line
216, and produces the signal on line 250. The signal on line 226 is subtracted
from the signal on line 250 by summing block 252, with the result output to line
254. The signal on line 254 is multiplied by the motor speed signal @ on line
216 to produce the signal on line 258. The signals on lines 258 and 246 are
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added at summing block 230, and output on line 234 as the motor voltage signal
V. The motor speed w on line 216 is also received by & phase function block
260, with the resulting & phase signal produced on line 262.

Thus, the voltage output equation for this diagram may be re-written as

follows:
V = (Tema — @ B{Tema}) * Ki {0} + 0 Kz {w} ©)
V = Tema K1 {@0} — 0 B{Tema} Ki {0} + 0 Ka{w}  (6)
V = Tema K1 {0} + 0 K2 {0} —B{Tema} Ki{w})  (7)

The last equation shows the enhanced damping algorithm used in this
embodiment, where K; and K are interpolated functions of motor speed w.
Phase advance 6 is also a function of w. In addition, the damping value

B{Tcma} is a function of the assist torque (Tema)-

As shown in FIG. 4, another assist-dependent damping algorithm
embodiment is indicated generally by the reference numeral 300. The assist-
dependent damping algorithm 300 is implemented by the controller 16 of FIG.
1. The phase advance & function block 360 receives the motor speed w on line
316 and the torque command signal Temg on line 312, with the resulting phase
advance signal 8 produced on line 362. The torque command signal Tcmg is also
received on line 312 by the B damping function block 314, and the damped
signal B{T} is fed to line 315. The motor speed signal w is further received on
line 316 by K; function block 340, which also receives the phase advance signal
& on line 362 and produces a signal on line 342. The signal on line 342 is
multiplied by the torque command signal Tcmg on line 312 by multiplier 344,
and output on line 346. The signal on line 342 is separately multiplied by the
damped signal on line 315 by a multiplier 318, and output on line 326.

The K, function block 348 receives the motor speed signal » on line 316
and the § phase signal on line 362, and produces the signal on line 350. The
signal on line 326 is subtracted from the signal on line 350 by summing block
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352, with the result output to line 354. The signal on line 354 is multiplied by
the motor speed signal w on line 316 at multiplication block 356 to produce the
signal on line 358. The signals on lines 358 and 346 are added at summing
block 330, and output on line 334 as the motor voltage signal V.

Thus, the enhanced damping value B is a function of assist torque
command (T¢ma), where Ky and K, are computed functions of speed () and
phase advance (8). Here, phase advance (6) is a function of both Temg and w. In
an alternate embodiment, B could be constant if the assist dependent feature

were not required.

Turning now to FIGs. 5 and 6, an assist-dependent and input-dependent
damping algorithm embodiment is indicated generally by the reference
numerals 400 and 401. The damping algorithm 400 and 401 is implemented by
the controller 16 of FIG. 1. The first portion of the algorithm 400 includes a B,
table 414 and a B, table 466. The torque command Temg is received on line 412,
and used as an index to look up the corresponding interpolated function value
from the B1 table 414. This interpolated looked up value is produced on line
415. A vehicle road speed signal is received on line 464 and used as an index to
look up the corresponding interpolated function value from the B2 table 466.
This corresponding interpolated looked up value is produced on line 468. The
driver hand-wheel torque input Ty, is received on line 470 by a torque scale
table 474. The torque scale table 474, in turn, produces a multiplier signal on
line 476. A multiplication block 478 multiples the signals on lines 476 and 468
to produce a signal on line 480. A summation block 482 adds the signals on
lines 480 and 415 to produce a signal on line 484 indicative of the total desired

amount of damping, Biota.

In FIG. 6, a multiplication block 486 receives the Biota signal on line 484
and multiplies it with the motor speed signal On, received on line 416 to produce
a signal T4 on line 488 indicative of a damped torque command. The torque
command signal Tyq is received on line 412 by a summation block 490, which

subtracts the signal on line 488 to produce the signal on line 492. The phase
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advance & function block 460 receives the motor speed w on line 416 and the
damped torque command signal T4 on line 488, with the resulting phase
advance signal & produced on line 462. The motor speed signal w is further
received on line 416 by K; function block 440, which also receives the phase
advance signal & on line 462 and produces a signal on line 442. The signal on
line 442 is multiplied by the signal on line 492 by multiplier 444, and output on
line 446.

The K, function block 448 receives the motor speed signal w on line 416
and the & phase signal on line 462, and produces a signal on line 450. The
signal on line 450 is mul%iplied by the motor speed signal @ on line 416 at
multiplication block 456 to produce the signal on line 458. The signals on lines
458 and 446 are added at summing block 430, and output on line 434 as the

motor voltage signal V.

As shown, the B; table 414 represents a damping value as a function of
assist torque (Temg). This By table 414 could also be constant if the assist
dependent feature were not required. The B, table 466 represents the damping
required at higher vehicle speeds to provide free control compensation. The
torque scale table 474 provides additional scaling on B,. The net effect is to
reduce damping at higher driver input torques to allow evasive maneuvers to be

performed at lower driver torques.

In alternate embodiments, the damping value By, of FIG. 6 may
include all of the elements shown in FIG. 5, or any subset thereof. The rest of
the voltage calculations are substantially similar to those of the other
embodiments. Thus, in this embodiment the input-dependent damping function
is a function of both vehicle road speed and driver torque Thy. However,
alternate embodiments are contemplated in which the input-dependent damping
function is a function of just one of vehicle speed and driver torque, preferably

vehicle speed.
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Although operating the motor with a hardware current loop could add
smooth damping torque to the system, such would defeat the advantages of a
voltage-controlled motor. Improving the resolution of the torque command in
the algorithm could also add smooth damping torque to the system, but would
involve a complete rescaling of the voltage calculation algorithm. In the case
where BEMF compensation is being used in a voltage mode controlled system,
the BEMF compensation could be scaled down to add “damping” to the system,
but this kind of correction gives a non-constant and nonlinear damping torque
versus motor speed, so additional corrections would then be necessary. Also, as
supply voltage changes in the system, the amount of damping resultant from
BEMF scaling \;vould vary, causing undesirable variations in the stability and

robustness properties of the system.
|

Embodiments of the new damping algorithm provide a constant
damping torque over both motor speed and supply voltage, and do not require
rescaling of any of the torque or voltage path variables presently in the
algorithm; thus saving microprocessor resources and lead time. These
algorithms may be implemented in either an “interpolated table” embodiment of

the algorithm or a direct computational embodiment.

While the invention has been described with reference to exemplary
embodiments, it will be understood by those of ordinary skill in the pertinent art
that various changes may be ﬁlade and equivalents may be substituted for the
elements thereof without departing from the scope of the disclosure. In
addition, numerous modifications may be made to adapt the teachings of the
disclosure to a particular object or situation without departing from the essential
scope thereof. Therefore, it is intended that the Claims not be limited to the
particular embodiments disclosed as the currently preferred best modes
contemplated for carrying out the teachings herein, but that the Claims shall

cover all embodiments falling within the true scope and spirit of the disclosure.
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What is claimed is:

1. An electric power steering system (24) comprising a
steering input member (26), a voltage-controlled electric assist motor (46)
coupled to the input member, and an electronic controller (16) in signal

communication with the assist motor; the electronic controller (16) comprising:

a first signal input (18) for receiving a first signal indicative of a

torque command to the assist motor (46);

a second signal input (20) for receiving a second signal

indicative of an angular velocity of the assist motor;

an assist-dependent damping function (100, 200, 300, 401)

responsive to the first and second signals; and

a signal output (22) for providing a voltage signal in

communication with the voltage-controlled electric assist motor (46);

wherein the voltage signal is responsive to the assist-dependent

damping function (100, 200, 300, 401).

2. An electric power steering system as defined in Claim 1;

the electronic controller (16) further comprising:

a third signal input (14) for receiving a third signal indicative of
aroad speed of a vehicle (10); and

an input-dependent damping function (400) responsive to the

third signal,

wherein the voltage signal is responsive to the input-dependent

damping function (400).
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3. An electric power steering system as defined in Claim 2,

further comprising:

a steered member (29) coupled to the steering input member

(26); and

a torque sensor (28) coupled to the steered member (29) for

sensing a driver torque input;
wherein:

the input-dependent damping function (400) is responsive to the

driver torque input; and

the voltage signal of the electronic controller (16) is responsive

to the input-dependent damping function (400).

4, An electric power steering system as defined in Claim 2
wherein the input-dependent damping function (400) is responsive to at least

one of the first and second signals.

5. An electric power steering system as defined in Claim 2
wherein at least one of the input-dependent damping function (400) and the

assist-dependent damping function (401) comprises a look-up table.

6. An electric power steering system as defined in Claim 2
wherein at least one of the assist-dependent damping function (401) and the

input-dependent damping function (400) comprises a direct computation.
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7. An electric power steering system as defined in Claim 2
wherein at least one of the assist-dependent damping function (401) and the

input-dependent damping function (400) comprises a constant.

8. An electric power steering system as defined in Claim 1;
the controller (16) further comprising a phase advance function (260, 360, 460)
in signal communication with the assist motor (46), wherein the phase advance
function (260, 360, 460) is responsive to at least one of the first and second
signals.

9. An electric power steering system as defined in Claim 2;
the controller (16) further comprising a vehicle speed signal (14) wherein at
least one of the input-dependent damping function (400) and the assist-

dependent damping function (401) is responsive to the vehicle speed signal.

10.  An electric power steering system as defined in Claim 1

wherein the voltage-controlled electric assist motor (46) is brushless.
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11. A method for controlling an electric power steering
system (24) comprising a steering input member (26), a voltage-controlled
electric assist motor (46) coupled to the input member, and an electronic

controller (16) in signal communication with the assist motor; the method

comprising:

receiving a first signal indicative of a torque command to the
assist motor;

receiving a second signal indicative of an angular velocity of the
assist motor;

computing an assist-dependent damping function responsive to

the first and second signals; and

adapting an output voltage in signal communication with the
voltage-controlled electric assist motor in response to the assist-dependent

damping function.

12. A method for controlling an electric power steering

system as defined in Claim 11, further comprising:

adding the first signal to the computed assist-dependent damping
function; and

limiting the added assist-dependent damping function.
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13. A method for controlling an electric power steering

system as defined in Claim 11, further comprising:
limiting the computed assist-dependent damping function; and

adding the first signal to the limited assist-dependent damping

5  function.

14. A method for controlling an electric power steering

system as defined in Claim 11, further comprising:
receiving a third signal indicative of a vehicular road speed;

computing a first input-dependent damping function responsive

5  to the third signal; and

adapting the output voltage in response to the first input-

dependent damping function.

15. A method for controlling an electric power steering
system as defined in Claim 14 wherein the system further comprises a torque
sensor (28) coupled to the steering input member (26); the method further

comprising:

5 receiving a fourth signal indicative of a driver torque input upon
the steering input member; computing a second input-dependent damping

function responsive to the driver torque input; and

adapting the output voltage in response to the second input-

dependent damping function.
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16. A method as defined in Claim 15 wherein adapting the
output voltage in response to the second input-dependent damping function
comprises multiplying the computed first input-dependent damping function by
the computed second input-dependent damping function and adapting the output

voltage in response to the product of the multiplication.

17. A method for controlling an electric power steering
system as defined in Claim 15 wherein at least one of computing an assist-
dependent damping function and computing a first input-dependent damping

function and computing a second input-dependent damping function comprises:

using at least one of the first, second, third and fourth signals as

an index to a look-up table;

looking-up an intermediate result responsive to the at least one

signal;

interpolating the intermediate result in response to the difference
between the at least one signal and the corresponding table index to compute the

at least one damping function.

18. A method for controlling an electric power steering
system as defined in Claim 15 wherein at least one of computing an assist-
dependent damping function and computing a first input-dependent damping
function and computing a second input-dependent damping function comprises

directly computing the function result.
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19. A method for controlling an electric power steering
system as defined in Claim 15 wherein at least one of computing an assist-
dependent damping function and computing a first input-dependent damping
function and computing a second input-dependent damping function comprises

multiplying by a constant

20.  An electric power steering system (24) for a vehicle (10)
comprising a steering input member (26), a voltage-controlled electric assist
motor (46) coupled to the input member, and an electronic controller (16) in
signal communication with the assist motor; the electronic controller (16)

comprising:

means for receiving a first signal indicative of a torque command

to the assist motor;

means for receiving a second signal indicative of an angular

velocity of the assist motor;

means for computing an assist-dependent damping function

responsive to the first and second signals;

means for receiving a third signal indicative of a road speed of

the vehicle;

means for receiving a fourth signal indicative of a driver torque

on the input member;

means for computing an input-dependent damping function

responsive to the third and fourth signals; and

means for producing an output voltage in signal communication
with the assist motor that is responsive to at least one of the assist-dependent

damping function and the input-dependent damping function.
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