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(57) ABSTRACT

A position control apparatus includes a reverse displacement
calculation unit configured to calculate a reverse displace-
ment that represents an amount of movement made from a
preceding reverse point to a current reverse point by an axis
that performs a reversing motion; a [reversing-time segment-
ing number] number of consecutive occurrences of reversing
motions calculation unit configured to compare the reverse
displacement to a predetermined value, and, when the reverse
displacement 1s less than the predetermined value, increase a
value of [a reversing-time segmenting] number of consecu-
tive occurrences of reversing motions, [which is a coefficient
indicating a number of segments per unit time during a revers-
ing motion,] and, when the reverse displacement is greater
than or equal to the predetermined value, decrease the value
of the [reversing-time segmenting number] number of con-
secutive occurrences of reversing motions, and a quadrant
iversion compensation unit configured to automatically
adjust a quadrant inversion compensation amount according
to the [reversing-time segmenting number] number of con-
secutive occurrences of reversing motions and perform the
quadrant 1inversion compensation based on the automatically
adjusted compensation amount.

2 Claims, 7 Drawing Sheets
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1
POSITION CONTROL APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2008-151356, filed on Jun. 10, 2008, which 1s
incorporated herein by reference 1n 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a position control appara-
tus that performs quadrant inversion compensation when the
moving direction of an axis ol a machine 1s reversed.

2. Description of the Related Art

First, general quadrant inversion compensation 18
described below with reference to FIG. 4. FIG. 4 illustrates
variations 1n command position of a Z axis (al), command
speed of a Z-axis motor (bl), friction of the Z axis (cl),
inversion compensation applied to the Z axis (dl), output
torque of the Z-axis motor (el), and positional error of the
Z-ax1s motor (11) 1n a case where the moving direction of the
7. axis of a machine tool 1s reversed. As illustrated 1n (b1),
when the moving direction of the Z axis 1s reversed at a
reverse point during a machining operation, the sign of the
motor command speed 1s reversed at the reverse point.

At that point, as illustrated 1in (cl), the Iriction of the
machine changes abruptly at the moment that the sign
changes at the reverse point. If, in response to such a change
in the friction of the machine, the apparatus performs only the
teedback control to control the motor position, 1.e., if the
apparatus does not perform quadrant inversion compensa-
tion, the motor output torque cannot suiliciently deal with the

friction change of the machine, as indicated by a line A of

(el). As aresult, a large tracking delay occurs, as indicated by
a line A of (11), and the shape of a processed product may be
unsatisfactory.

To attempt to deal with this problem, typical position con-
trol apparatuses are today able to appropriately perform quad-
rant 1nversion compensation to deal with a change in the
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frictional force that may occur when the moving direction of 50

an axis 1s reversed. For example, an apparatus may be able
perform torque compensation (TFF) defined by a TFF
amount and a TFF continuation time illustrated 1in (d1). Such
torque compensation (TFF) enables the motor output torque
to respond quickly as indicated by a line B of (el) and can
reduce the tracking delay 1n a reversing operation as indicated
by a line B of (11). As a result, a product having a satisfactory
shape can be obtained.

FIG. 5 1s a block diagram illustrating an example of a
conventional position control apparatus that can perform
quadrant mnversion compensation. The position control appa-
ratus illustrated i FIG. 5 includes a numerical value control
unit 10, a motor control unit 20, a motor 30, and a detector 40.
The motor control unit 20 includes an acceleration/decelera-
tion processing unit 21, a position control umt 22, a speed
control unit 23, a quadrant mversion compensation unit 24,
and a current control unit 23.

55

60

65

2

The numerical value control unit 10 can generate a target
position command MD based on the content of an input
machining (or processing) program. The acceleration/decel-
eration processing unit 21 generates an internal position com-
mand value MP for the motor control unit 20 based on the
target position command MD recerved from the numerical
value control unit 10 and a predetermined acceleration/decel-
eration time. The position control unit 22 generates a speed
command value MV based on the position command value
MP recerved from the acceleration/deceleration processing
umt 21 and a position detection value received from the
detector 40. The position control unit 22 performs position
teedback control based on the position detection value
received from the detector 40.

The speed control unit 23 generates a torque command
value MT based on the speed command value MV receirved
from the position control unit 22 and a differential value of the
position detection value recerved from the detector 40. The
speed control unit 23 performs speed feedback control based
on the position detection value received from the detector 40.
The quadrant mnversion compensation unit 24 generates a
quadrant mversion compensation TFF 11 a reversion of the
moving direction 1s detected based on the internal position
command value MP sent from the acceleration/deceleration
processing unit 21.

The current control umit 25 generates a current command
based on the torque command value MT received from the
speed control unit 23 and the quadrant inversion compensa-
tion TFF received from the quadrant inversion compensation
unit 24. Current flows through the motor 30 according to the
current command supplied from the current control unit 25, to
drive the motor 30. In another embodiment, the quadrant
inversion compensation TFF generated by the quadrant inver-
s10n compensation unit 24 may serve as a position command
compensation amount that can be input to the position control
unit 22, or may serve as a speed command compensation
amount that can be input to the speed control unit 23.

FIG. 6 1llustrates an example shape of a workpiece that may
be processed by a machine tool. For example, to process the
workpiece 1llustrated 1n FIG. 6, a milling tool moves from a
start point (located at a lower left position) to an end point
(located at an upper left position) along arrows 1illustrated 1n
the drawing. A dotted line connecting three points A, B, and
C indicate reverse positions where the 7 axis causes a revers-
ing motion in a manner similar to the operation described with
reference to the example illustrated in FIG. 4. The moving
amount of the Z axis in a region from the start point to the
intermediate point is about 10 mm. The moving amount of the
7. axis 1n a region from the intermediate point to the end point
1s about 40 mm.

An example of type of position control that can be per-
formed by a conventional apparatus 1s described below with
reference to FIG. 7. FIG. 7 illustrates vanations in command
position of the Z axis (a2), command speed of the Z-axis
motor (b2), friction of the Z axis (¢2), inversion compensation
applied to the Z axis (d2), output torque of the Z-axis motor
(€2), and positional error of the Z-axis motor (12) 1n a case
where the workpiece illustrated 1n FIG. 6 1s processed. The
shape of the workpiece illustrated 1n FIG. 6 1s uniform at the
reverse point A, the reverse point B, and the reverse point C.
Theretfore, the command position of the Z axis (a2) and the
command speed of the Z-axis motor (b2) at the reverse point
A, the reverse point B, and the reverse point C are similar to
cach other. On the other hand, the friction of the Z axis (¢c2) 1s
similar between the reverse point A and the reverse point C as
indicated by a line A. However, the friction of the Z axis (c2)
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at the reverse point B 1s larger than the frictions at the reverse
point A and the reverse point C as indicated by a line B.

In a conventional position control apparatus as described,
the mversion compensation amount (d2) is set to be a same
value at the reverse point A, the reverse point B, and the
reverse point C. Therefore, the output torque of the Z-axis
motor at the reverse pomnt B cannot respond suificiently
quickly and may be delayed compared to the friction of the Z
axis as indicated by a line B of (e2). The positional error of the
Z-ax1s motor at the reverse point B becomes larger than the
errors at the reverse point A and the reverse point B as indi-
cated by a line B of (12).

It 1s believed that the above-described problem occurs due
to the relative shortness (1.e., approximately 10 mm) of the
moving amount of the Z axis 1n the region from the start point
to the intermediate point. For example, 1n a case where a
sliding guide 1s provided on a Z-axis guide surface, 1f the Z
ax1s makes reversing motions repetitively in a state where the
moving distance of the Z axis 1s shorter than the pitch of an o1l
groove, the o1l on the guide surface reduces and the friction of
the 7Z axis may increase. Furthermore, 1f the Z axis makes
reversing motions repetitively in a state where the moving,
distance of the Z axis i1s shorter than a lead pitch of a ball
screw, the ball screw may not roll smoothly and the friction of
the Z axis may increase. However, such an increase in the
friction does not occur 1f the Z axis moves a distance suili-
ciently larger than the above-described o1l groove pitch or the
lead pitch.

Therefore, both the 1friction and the positional error
increase at the reverse point B. However, 11 the Z axis passes
through the mtermediate point and reaches the reverse point C
at which the Z-axis moving amount 1s approximately 40 mm,
characteristics of the Z axis at the reverse point C becomes
similar to those at the reverse point A.

In an attempt to solve the above-described problem, a
conventional method disclosed in the Japanese Patent Appli-
cation Laid-Open No. 6-73798 includes steps of calculating a
friction based on a motor output torque and correcting a value
for mversion compensation based on the calculated friction.
However, because the output torque generally includes vari-
ous types of torques, such as a frictional torque, an accelera-
tion/deceleration torque, a cutting torque, a weight holding
torque, and others, accurately calculating only the frictional
torque based on a load torque can be problematic, or even
impossible. Accordingly, the conventional method cannot
accurately correct an 1version compensation amount, and
the positional error of the Z-axis motor may become even
larger than 1t would have been had no correction been per-
formed.

SUMMARY OF THE INVENTION

As described above, conventional position control appara-
tuses cannot reliably perform quadrant inversion compensa-
tion 1n response to an increase in the friction if an axis makes
reversing motions repetitively and the moving distance from
one reverse point to another reverse point 1s short. This causes
an increase in the positional error. A fimshed surface of a
processed product may be unsatisfactory.

The present invention solves the above-described problem
and provides a machine that can consistently reduce tracking
error, 1irrespective ol the shape of a workpiece to be processed.

To attain the above-described object, a position control
apparatus according to the present invention performs quad-
rant 1nversion compensation when the moving direction of a
machine 1s reversed. The position control apparatus imncludes
a reverse displacement calculation unit configured to calcu-
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4

late a reverse displacement that represents an amount of
movement made from a preceding reverse point to a current
reverse point ol by an axis that performs a reversing motion;
a [reversing-time segmenting number] number of consecutive
occurrences of reversing motions calculation unit configured
to compare the reverse displacement with a predetermined
value and also configured to increase a value of a [reversing-
time segmenting number] number of consecutive occur-
rences of reversing motions, [which is a coefficient indicating
a number of segments per unit time during a reversing
motion,] if the reverse displacement is smaller than the pre-
determined value, and decease the value of the [reversing-
time segmenting number] number of consecutive occur-
rences of reversing motions 1 the reverse displacement 1s
equal to or greater than the predetermined value, and a quad-
rant inversion compensation unit configured to automatically
adjust a quadrant inversion compensation amount according
to the reversing-time segmenting number and perform the
quadrant inversion compensation based on the automatically
adjusted compensation amount.

The guadrant inversion compensation according to the
present mmvention can appropriately correct the inversion
compensation amount according to the [reversing-time seg-
menting number] rumber of consecutive occurvences of
reversing motions when the machine makes reversing
motions repetitively and the moving amount from one reverse
point to another reverse point 1s too short to decrease the
triction. Therefore, the position control apparatus according
to the present mvention can prevent generation of correction
errors caused by external factors, and can perform continuous
optimum quadrant inversion compensation. As a result, a
processing machine according to the present imnvention can
perform the processing accurately and without causing any
significant tracking error.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are icorporated 1n
and constitute a part of the specification, 1llustrate an embodi-
ment ol the invention and, together with the description, serve
to explain the principles of the invention, in which:

FIG. 1 1s a block diagram illustrating an example of a
position control apparatus according to an embodiment of the
present invention;

FIG. 2 1s a flowchart illustrating an example of processing,
according to an embodiment of the present invention;

FIG. 3 1llustrates an etlect of the present invention;

FIG. 4 illustrates an effect of quadrant inversion compen-
sation;

FIG. 5 1s a block diagram 1illustrating an example of a
conventional apparatus;

FIG. 6 illustrates an example of a workpiece to be pro-
cessed; and

FIG. 7 1llustrates problems in the conventional apparatus.

DESCRIPTION OF PREFERRED
EMBODIMENTS

A best mode for carrying out the claimed invention (here-
inafter, referred to as “embodiment™) 1s described below with
reference to the drawings.

FIG. 1 1s a block diagram illustrating an example of a
position control apparatus according to an embodiment of the
present mvention. In FIG. 1, constituent components and
signals similar to those illustrated in FIG. 5 are denoted by the
same reference numerals and their descriptions are not
repeated. The position control apparatus according to the
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present embodiment 1includes a reverse displacement calcu-
lation unit 26 and a [reversing-time segmenting number]
number of consecutive occurrences of veversing motions cal-
culation unit 27 that are newly added. The reverse displace-
ment calculation unit 26 can calculate a moving amount PA >
based on a position command MP that can be transmitted
from the acceleration/deceleration processing unit 21. The
moving amount PA represents a moving distance from a
preceding mversion point to the present inversion point. The
reverse displacement calculation unit 26 can further send the 19
calculated moving amount PA to the [reversing-time seg-
menting number] rumber of comsecutive occurrences of
reversing motions calculation unit 27. The [reversing-time
segmenting number] number of consecutive occurrences of
reversing motions calculation unit 27 compares the moving 1>
amount PA received from the reverse displacement calcula-
tion unit 26 with a predetermined moving amount P0. It the
moving amount PA 1s smaller than the predetermined moving,
amount P0, the [reversing-time segmenting number] number
of consecutive occurrences of rveversing motions calculation 29
unit 27 increases the value N denoting the [reversing-time
segmenting number, which is a coelficient indicating a num-
ber of segments per unit time during a reversing motion]
number of consecutive occurrences of veversing motions. If
the moving amount PA 1s equal to or greater than the prede- 2°
termined moving amount P0, the [reversing-time segmenting
number] rumber of consecutive occurrences of reversing
motions calculation unit 27 sets 0 as a value of the [reversing-
time segmenting number] number of consecutive occur-
rences of reversing motions N. Then, the [reversing-time seg- 39
menting number] number of consecutive occurrences of
reversing motions calculation unit 27 sends the [reversing-
time segmenting number] rumber of consecutive occur-
rences of reversing motions N to the quadrant inversion com-
pensation unit 24. The quadrant inversion compensation unit 32
24 automatically adjusts a quadrant inversion compensation
amount according to the [reversing-time segmenting number}
number of consecutive occurvences of reversing motions N
and performs a quadrant inversion compensation based on the
adjusted compensation amount. 40
The following formula 1 represents an example of a
method for increasing and decreasing the quadrant inversion
compensation amount that can be performed by the quadrant
iversion compensation unit 24 according to the present
embodiment. The quadrant inversion compensation unit 24 4>
determines the TFF amount and the TFF continuation time,
according to the formula 1, based on an amplification rate of
TFF (A), an increment rate of TFF that determines a TFF
increment amount per short reversing motion (B), an ampli-
fication rate of the TFF continuation time (C), an increment >
rate of TFF continuation time that determines an increment
amount of the TFF continuation time per short reversing
motion (D), and the [reversing-time segmenting number]
number of consecutive occurrences of reversing motions (N).

55
M=M(0)x A (1-¢"(-1xN=+B))
T=T(0)xC (1-e (-1xN=D)) (Formula 1)
M: TFF amount 60

T: TFF continuation time

M(0): conventional TFF amount

T(0): conventional TFF continuation time

A: amplification rate of TFF

B: increment rate of TFF 65
C: amplification rate of TFF continuation time

D: increment rate of TFF continuation time

6

N: [reversing-time segmenting number] tize number of con-
secutive occurrences of veversing motions

FIG. 2 1s a flowchart illustrating an example operation
performed by the [reversing-time segmenting number] rum-
ber of consecutive occurrences of reversing motions calcula-
tion unmt 27 according to the present embodiment. In step S1,
the [reversing-time segmenting number] rumber of consecu-
tive occurrences of reversing motions calculation umt 27
compares the moving amount PA receirved from the reverse
displacement calculation unit 26 with the predetermined
moving amount (1.e., short reversing amount) P0. If it 1s
determined that the moving amount PA 1s smaller than the
short reversing amount PO, the [reversing-time segmenting
number] rumber of consecutive occurrences of reversing
motions calculation unit 27 increases the value of the number
N by an increment of 1 at step S2. However, 1 1t1s determined
that the moving amount PA 1s greater than or equal to the short
reversing amount PO, the [reversing-time segmenting num-
ber] number of consecutive occurrences of reversing motions
calculation unit 27 sets the value N to zero at step S3.

An example operation according to the present embodi-
ment performed to process a workpiece having the shape
illustrated in FIG. 6 1s described below with reference to FIG.
3. FIG. 3 illustrates variations in command position of the Z
axis (a), command speed of the Z-axis motor (b), {friction of
the Z axis (c), inversion compensation applied to the Z axis
(d), output torque of the Z-axi1s motor (¢), and positional error
of the Z-axis motor (I). The quadrant inversion compensation
umt 24 increases and decreases the quadrant inversion com-
pensation amount according to a method defined by the fol-
lowing formula 2.

M=M(0)x2"(1-€"(-~1xN+10))

T=T(0O)x1 (1-e (-1xN=+10)) (Formula 2)

M: TFF amount

T: TFF continuation time

M(0): conventional TFF amount

T(0): conventional TFF continuation time
N: reversing-time segmenting number

As illustrated in FIG. 3, according to the embodiment of the
present invention, the TFF amount at the reverse point B 1s
larger than the TFF amounts at the reverse points A and C, as
indicated by a line B of (d). Therelore, the response delay of
the output torque of the Z-axis motor relative to the friction of
the 7 axis can be minimized as idicated by a line B of (e)
Accordingly, the positional error of the Z-axis motor at the
reverse point B 1s comparable to the errors at the reverse
points A and B, as indicated by lines A and B of (1).

As described above, the quadrant inversion compensation
according to the present embodiment can appropriately cor-
rect the inversion compensation amount according to the
[reversing-time segmenting number] number of consecutive
occurrences of reversing motions when the machine makes
reversing motions repetitively and the moving amount from
one reverse point to another reverse point 1s too short to
decrease the friction. Therefore, the position control appara-
tus according to the present invention can prevent generation
ol correction errors due to external factors and can continu-
ously perform optimum quadrant inversion compensation. As
aresult, a processing machine according to the present inven-
tion can perform processing accurately without causing any
significant tracking error.

What 1s claimed 1s:

1. A position control apparatus that performs quadrant
iversion compensation when an axial moving direction of a
machine 1s reversed, comprising;:
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a control unit comprising:

a reverse displacement calculation unit configured to
calculate a reverse displacement that represents an
amount of movement made from a preceding reverse
point to a current reverse point by an axis that per-
forms a reversing motion;

a [reversing-time segmenting number] number of con-
secutive occurrences of reversing motions calculation
unit configured to compare the reverse displacement
to a predetermined value, and, when the reverse dis-
placement 1s less than the predetermined value,
increase a value of a [reversing-time segmenting]
number of consecutive occurvences of reversing
motions, [which is a coefficient indicating a number
of segments per unit time during a reversing motion, ]
and, when the reverse displacement 1s greater than or
equal to the predetermined value, decrease the value
of the [reversing-time segmenting number] number of

consecutive occurrences of reversing motions; and

a quadrant 1nversion compensation unit configured to
automatically adjust a quadrant inversion compensa-
tion amount according to the [reversing-time seg-
menting number] number of consecutive occurrences
of reversing motions, and perform the quadrant inver-
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sion compensation based on the automatically
adjusted compensation amount.
2. A method for performing guadrant inversion compensa-
tion in a machine tool for processing a workpiece, the method
COmprising.
calculating, by a control unit (MCU), a reverse displace-
ment that vepresents an amount of movement made from
a preceding veverse point to a current vreverse point by an
axis of the machine tool that performs a rveversing
motion;
comparing, by the MCU, the reverse displacement to a
predetermined value, and, when the veverse displace-
ment is less than the predetermined value, increasing a
value of a number of consecutive occurrences of revers-
ing motions, and, when the rveverse displacement is
greater than ov equal to the predetermined value,
decreasing the value of the number of consecutive
occurrences of reversing motions;
automatically adjusting, by the MCU, a quadrant inversion
compensation amount accovding to the number of con-
secutive occurrences of reversing motions; and

performing, by the MCU, the quadrant inversion compen-
sation based on the automatically adjusted compensa-
lion amount.



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. . RE45,693 E Page 1 of 4
APPLICATION NO. : 13/735624

DATED . September 29, 2015

INVENTORC(S) . Masaya Minamide

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

On the Title page, in the Abstract (57):

At line number 5, the words “a [reversing-time segmenting number] number of consecutive
occurrences of reversing motions should read -- a number of consecutive occurrences of reversing

motions [reversing-time segmenting number] --.

At line number 15, the words ““of the [reversing-time segmenting number| number of
consecutive occurrences of reversing motions”’ should read -- of the number of consecutive

occurrences of reversing motions [reversing-time segmenting number] --.

At line number 19, the words “to the [reversing-time segmenting number] number of
consecutive occurrences of reversing motions” should read -- to the number of consecutive

occurrences of reversing motions [reversing-time segmenting number] --.
In the Specification:

At column 4, line number 12, the words “value of the [reversing-time segmenting number ]
number of consecutive occurrences of reversing motions should read -- value of the number of

consecutive occurrences of reversing motions [reversing-time segmenting number] --.

At column 4, line number 23, the words “according to the [reversing-time segmenting
number | number of consecutive occurrences of reversing motions should read -- according to the

number of consecutive occurrences of reversing motions [reversing-time segmenting number] --.

Signed and Sealed this
Ninth Day of August, 2016

e cbatle X Zea

Michelle K. Lee
Director of the United States Patent and Trademark Office
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At column 5, line number 2, “a [reversing-time segmenting number] number of consecutive
occurrences of reversing motions should read -- a number of consecutive occurrences of reversing

motions [reversing-time segmenting number] --.

At column 5, line number 11, “to the [reversing-time segmenting number] number of
consecutive occurrences of reversing motions” should read -- to the number of consecutive

occurrences of reversing motions [reversing-time segmenting number] --.

At column 5, line number 13, “The [reversing-time segmenting number| number of
consecutive occurrences of reversing motions’ should read -- The number of consecutive occurrences

of reversing motions [reversing-time segmenting number] --.

At column 5, line number 19, “the [reversing-time segmenting number]| number of
consecutive occurrences of reversing motions” should read -- the number of consecutive occurrences

of reversing motions [reversing-time segmenting number] --.

At column 5, line number 21, “denoting the [reversing-time segmenting number, which 1s a
coefficient indicating a number of segments per unit time during a reversing motion] number of
consecutive occurrences of reversing motions.” should read -- denoting the number of consecutive
occurrences of reversing motions [reversing-time segmenting number, which 1s a coefficient

indicating a number of segments per unit time during a reversing motion]. --.

At column 5, line number 26, “the [reversing-time segmenting number]| number of
consecutive occurrences of reversing motions” should read -- the number of consecutive occurrences

of reversing motions [reversing-time segmenting number] --.

At column 5, line number 28, “value of the [reversing-time segmenting number]| number of
consecutive occurrences of reversing motions N should read -- value of the number of consecutive

occurrences of reversing motions [reversing-time segmenting number]| N. --.

At column 5, line number 30, ““Then the [reversing-time segmenting number]| number of
consecutive occurrences of reversing motions”’ should read -- Then the number of consecutive

occurrences of reversing motions [reversing-time segmenting number] --.
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At column 5, line number 32, “sends the [reversing-time segmenting number] number of
consecutive occurrences of reversing motions N’ should read -- sends the number of consecutive

occurrences of reversing motions [reversing-time segmenting number] N --.

At column 5, line number 37, “to the [reversing-time segmenting number] number of
consecutive occurrences of reversing motions N should read -- to the number of consecutive

occurrences of reversing motions [reversing-time segmenting number| N --.

At column 5, line number 53, “and the [reversing-time segmenting number| number of
consecutive occurrences of reversing motions (N)” should read -- and the number of consecutive

occurrences of reversing motions [reversing-time segmenting number] (N). --.

At column 6, line number 1, “N: [reversing-time segmenting number] the number of
consecutive occurrences of reversing motions’ should read -- N: the number of consecutive

occurrences of reversing motions [reversing-time segmenting number] --.

At column 6, line number 4, “performed by the [reversing-time segmenting number] number
of consecutive occurrences of reversing motions should read -- performed by the number of

consecutive occurrences of reversing motions [reversing-time segmenting number] --.

At column 6, line number 7, “the [reversing-time segmenting number]| number of consecutive
occurrences of reversing motions should read -- the number of consecutive occurrences of reversing

motions [reversing-time segmenting number] --.

At column 6, line number 13, “the [reversing-time segmenting number] number of
consecutive occurrences of reversing motions” should read -- the number of consecutive occurrences

of reversing motions [reversing-time segmenting number] --.

At column 6, line number 18, “the [reversing-time segmenting number]| number of
consecutive occurrences of reversing motions” should read -- the number of consecutive occurrences

of reversing motions [reversing-time segmenting number] --.

At column 6, line number 53, “[reversing-time segmenting number]| number of consecutive

occurrences of reversing motions should read -- number of consecutive occurrences of reversing
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In the Claims:

At column 7, line number 7, claim 1, the words “a [reversing-time segmenting number]
number of consecutive occurrences of reversing motions” should read -- a number of consecutive

occurrences of reversing motions [reversing-time segmenting number] --.

At column 7, line number 18, claim 1, the words “of the [reversing-time segmenting number ]
number of consecutive occurrences of reversing motions should read -- of the number of consecutive

occurrences of reversing motions [reversing-time segmenting number| --.

At column 7, line number 22, claim 1, the words “to the [reversing-time segmenting number]
number of consecutive occurrences of reversing motions” should read -- to the number of consecutive

occurrences of reversing motions [reversing-time segmenting number] --.
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