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reference herein. BACKGROUND AND SUMMARY OF THE INVENTION
[0002]The present invention relates generally to the control of a motion
device. More particularly, the present invention relates to the control of
moveable portions of a machine tool system to control a surface finish of a
part machined with the machine tool system. [0003]It is known in the
machine tool industry that there is a trade-off between surface finish
quality and throughput. A cause of this trade-off is the bandwidth limited
dynamic response of the machine axes to demanding input signals (i.e.
commanded tool paths). 100041It is also known to provide a user of a
machine tool system with three selections of surface finish quality, each of
which has a defined set of parameters for the motion control system of the
machine tool system. The ULTTMAX brand system available from Hurco
Companies, Inc. included adaptive surface finish software as a part of the
motion control system that gave a user the ability to select between
"Precision" "Standard," or "Performance." [0005]The present disclosure
relates to a motion control system for a machine tool system. In an
exemplary embodiment of the present disclosure, a value of a surface
finish quality ("SFQ") parameter of the motion control system is adjusted
to control the surface finish of a part machined with the machine tool
system. [0006]In another exemplary embodiment of the present
disclosure, a method for 



controlling a machine tool system to machine a part is provided. The
method comprising the steps of providing a motion control system having
a conversational mode of operation and a NC  -2- mode of operation;
setting a default SFQ value; determining, based on the default SFQ value,
a default set of values for a plurality of system parameters of the motion
control system for controlling a movement along a first axis of the machine
tool system from a first set of values of the plurality of parameters of the
motion control system associated with a first SFQ value and a second set
of values of the plurality of parameters of the motion control system
associated with a second SFQ value; receiving a desired geometry for the
part through one of the conversational mode of operation and the NC
mode of operation; and moving the machine tool system based on the
default set of values of the plurality of parameters of the motion control
system to perform at least a first operation during machining of the part.
10007]In still another exemplary embodiment of the present disclosure, a.
method for controlling the movement of a machine tool system to machine
a part is provided. The method comprising the steps of associating a first
set of values of a plurality of parameters of a motion control system with a
first value of an SFQ parameter, the SFQ parameter having a range of
possible values; associating a second set of values of the plurality of
parameters of the motion control system with a second value of the SFQ
parameter; receiving a. first desired value of the SFQ parameter;
determining a third set of values of the plurality of parameters of the
motion control system for controlling the movement of the machine tool
based on the first desired value of the SFQ parameter from the first set of
values of the plurality of parameters of the motion control system
associated with the first value of the SFQ parameter and the second set of
values of the plurality of parameters of the motion control system
associated with the second value of the SFQ parameter; moving the
machine tool system based. on the third set of values of the plurality of
parameters of the motion control system to perform at least a first
operation during machining of the part; receiving a second desired value
of the SFQ parameter; determining a fourth set of values of the plurality of
parameters of the motion control system for controlling the movement of
the machine tool based on the second desired value of the SFQ
parameter from the first set of values of the plurality of parameters of the
motion control system associated with the first value of the SFQ
parameter and the second set of values of the plurality of parameters of
the motion control system associated with the second value of the SFQ
parameter; and moving the machine tool system based on the fourth set
of values of the plurality of parameters of the motion control system to
perform at least a second operation during the machining of the part.  WO
2008/019275PCT/USS2007/075003 [0008]In a further exemplary
embodiment of the present disclosure, a method for controlling the
movement of a machine tool system to machine a part is provided. The
method comprising the steps of determining a first set of values of the
plurality of parameters for controlling the movement of the machine tool
system based on a first value of an SFQ parameter, the SFQ parameter
having a range of possible values; performing at least a first operation with
a first tool based on the first set of values of the plurality of parameters;
replacing the first tool with a second tool, the second tool having a second
value of the SFQ parameter associated therewith; determining a second
set of values of the plurality of parameters for controlling the movement of
the machine tool system based on the second value of the SFQ
parameter; and performing at least a second operation with the second
tool based on the second set of values for the plurality of parameters.
[0009]In still a further exemplary embodiment of the present disclosure, a
method for controlling the movement of a machine tool system to machine
a part is provided. The method comprising the steps of determining a first
set of values of the plurality of parameters for controlling the movement of
the machine tool system based on a first value of an SFQ parameter, the
SFQ parameter having a range of possible values; selecting a first tool for
performing at least a first operation; determining whether the first tool has
an associated value of the SFQ parameter, wherein if the first tool has an
associated value of the SFQ parameter determining a second set of
values of the plurality of parameters for controlling the movement of the
machine tool system based on the associated value of the SFQ parameter
and otherwise using the first set of values of the plurality of parameters for
controlling the movement of the machine tool system based on the first
value of an SFQ parameter; and performing at least a first operation with
the first tool. [0010]In yet still a further exemplary embodiment of the
present disclosure, an apparatus 28. An apparatus for machining a part
with at least one tool is provided. The apparatus comprising a frame; a
move-able support supported by and moveable relative to the frame, the
moveable support supporting the part; a machine tool spindle supported
by the frame and moveable relative to the part, the machine tool spindle
adapted to couple the at least one tool; a motion control system operably
coupled to the machine tool spindle and the moveable support, the motion
control system executing the machining of the part through the controlled
movement  



-4- of the machine tool spindle and the moveable support; and a user
interface including at least one display and at least one input member.
The user interface operably coupled to the motion control system, wherein
the motion control system receives a desired geometry through the user
interface and at least one value of an SFQ parameter through the user
interface. The user interface having a conversational mode wherein an
operator specifies the desired geometry and the at least one value of thc
surface quality finish parameter and a NC mode wherein an NC program
including the desired geometry and the at least one value of the SFQ
parameter is supplied to the at least one input member. The motion
control system determining at least one set of values for a plurality of
parameters based on the at least one value of the SFQ parameter from at
least two known sets of values of the plurality of parameters associated
with at least two values of the SFQ parameter. 100111In yet still another
exemplary embodiment of the present disclosure, a computer readable
medium having computer-executable instructions for controlling the
movement of a machine tool system to machine a part is provided. The
computer executable instructions comprising instructions to store a default
value for an SFQ parameter received through a user interface; instructions
to determine a default set of values of a plurality of parameters of a motion
control system for controlling the movement of the machine tool system
based on the default value of the SFQ parameter from a first set of values
of the plurality of parameters of the motion control system associated with
a first value of an SFQ parameter and a second set of values of the
plurality of parameters of the motion control system associated with a
second value of the SFQ parameter; and instructions to move the
machine tool system based on the default set of values of the plurality of
parameters of the motion control system to perform at least a first
operation during the machining of the part. [00121In still yet a further
exemplary embodiment of the present disclosure, a computer readable
medium having computer-executable instructions for controlling the
movement of a machine tool system to machine a part is provided. The
computer executable instructions comprising: instructions to determine a
first set of values of the plurality of parameters for controlling the
movement of the machine tool system based on a first value of an SFQ
parameter; the SFQ parameter having a range of possible values;
instructions to perform at least a first operation with a first tool based on
the first set of values of the plurality of parameters;  instructions to replace
the first tool with a second tool, the second tool having a second value of
the SFQ parameter associated therewith; instructions to determine a
second set of values of the plurality of parameters for controlling the
movement of the machine tool system based on the second value of the
SFQ parameter; and instructions to perform at least a second operation
with the second tool based on the second set of values for the plurality of
parameters. [0013]In still yet another exemplary embodiment of the
present disclosure, a computer readable medium having
computer-executable instructions for controlling the movement of a
machine tool system to machine a. part is provided. The computer
executable instructions comprising instructions to determine a first set of
values of the plurality of parameters for controlling the movement of the
machine tool system based on a first value of an SFQ parameter, the
surface quality parameter having a range of possible values; instructions
to select a first tool for performing at least a first operation; instructions to
determine whether the first tool has an associated value of the SFQ
parameter, wherein if the first tool has an associated value of the SFQ
parameter instructions to determine a second set of values of the plurality
of parameters for controlling the movement of the machine tool system
based on the associated value of the SFQ parameter and otherwise
instructions for using the first set of values of the plurality of parameters
for controlling the movement of the machine tool system based on the first
value of an SFQ parameter; and instructions to perform at least a first
operation with the first tool. [00141Additional features and advantages of
the present invention will become apparent to those skilled in the art upon
consideration of the following detailed description of the illustrative
embodiments exemplifying the best mode of carrying out the invention as
presently perceived. BRIEF DESCRIPTION OF THE DRAWINGS
100151Fig. 1 illustrates a representation of an exemplary motion control
system; [0016]Fig. 2 illustrates a representation of an exemplary motion
control system; [00171Fig. 3 illustrates a graphical representation of the
relationship between values of an 



SFQ parameter and system parameter values, such as gain parameters;
[0018]Fig. 4 illustrates an exemplary screen of a user interface wherein a
first set of parameter values are specified;  WO
20081019275PCPUS20071075003 [0019]Fig. 5 illustrates an exemplary
screen of a user interface wherein a second set of parameter values are
specified; [0020]Fig. 6 illustrates an exemplary machine tool system;
[0021]Fig. 7 illustrates an exemplary screen of a user interface wherein a
default parameter value of an SFQ parameter is specified; [00221Fig.
8ates an exemplary screen of a user interface wherein a default
parameter value of an SFQ parameter is specified; [0023]Fig. 9 illustrates
an exemplary screen of a user interface wherein a parameter value of an
SFQ parameter is specified for a first tool; [0024]Fig. 10 illustrates an
exemplary screen of a user interface wherein a portion of an exemplary
NC program is displayed; 



[0025]Fig. 11 illustrates an exemplary NC program; [0026]Fig. 12
illustrates an exemplary screen of a user interface wherein a first default
parameter value of an SFQ parameter is specified for roughing operations
and a second default parameter value of the SFQ parameter is specified
for finishing operations; 10027]Fig. 13 illustrates an exemplary screen of a
user interface of a block of a conversational program wherein a first SFQ
parameter value is specified for roughing operations and a second SFQ
parameter value is specified for finishing operations; [0028]Fig. 14
illustrates an exemplary screen of a user interface wherein a first value of
an SFQ parameter is specified for roughing operations for a range of
blocks in a conversational program and a second value of the SFQ
parameter is specified for finishing operations for a range of blocks in a
conversational program; and [00291Figs. 15A and 15B illustrate two parts
machined with differing values for the SFQ parameter
[0030]Corresponding reference characters indicate corresponding parts
throughout the several views. DETAILED DESCRIPTION OF THE
DRAWINGS  -7- [00311The embodiments disclosed herein are not
intended to be exhaustive or limit the invention to the precise form
disclosed in the following detailed description. Rather, the embodiments
are chosen and described so that others skilled in the art may utilize the
teachings. 



[0032]Referring to Fig. I, a motion control system 10 is provided that is
able to generate machine tool positions 12 to manufacture a desired
machine part, such as a part or a mold, based on a desired geometry 14.
The machine tool positions correspond to the positions along each of the
axes of the machine tool system. For example, the machine tool system
200 in Fig. 6 includes five axes along which a part or a tool may be moved
to various positions. The motion control system 10 generates the machine
tool positions 12 based on one or more user specifiable surface finish
quality ("SFQ") parameter values 16. As explained herein SFQ parameter
values permit a user to specify a desired surface finish quality for a
desired machine part or a given aspect of a desired machined part. The
SFQ values may be specified for the overall part 18, for various operations
20 performed during creation of the machine part, for various features 22
of the machine part, for various tools 24 used in making the machine part,
and/or combinations thereof As explained herein, by using the SFQ values
16 the motion control system 10 is able to quickly produce a. high surface
quality component and to permit the user to have better control over
surface finish by specifying one or more values for an SFQ parameter.
10033]Referring to Fig. 2, an exemplary motion control system 100 is
shown. Motion control system 100 includes a software component
including a path planning interface component 102, a surface fmish
interface component 104, a surface finish algorithm component 106, a
trajectory generation component 108, and a system tuning component
110. The various components listed are identified based on function and
are not required to be separate components, but rather may be
implemented in a plurality of ways. in one embodiment, the software
components are stored on a computer readable media accessible by a
controller for execution of the software components. in one embodiment,
path planning interface component 102 and surface finish interface
component 104 are non-real time applications and surface finish algorithm
component 106, trajectory generation component 108, and system tuning
component 110 are real time applications.  tool system 200 shown in Fig.
6. Exemplary machine tool systems generally include as least three axis
of movement. Referring to Fig. 6, the illustrated machine tool system 200
is a five axis machine tool system having a x-axis 202, a y-axis 204, a
rotational c-axis 206 provided as part of a moveable table 208, a z-axis
210 and a rotational b-axis 212 provided as part of a moveable tool
support 214. Tool support 214 includes a tool spindle 220 for holding a
motion device 1.12 which is used to machine the desired machined part.
Exemplary motion devices include a drill, a reamer, a tap, and other
suitable motion devices. 100351Motion control system 100 controls the
movement of each of x-axis 202, y-axis 204, c-axis 206, z-axis 210, and
b-axis 212 to machine a part that is supported on surface 216 of moveable
table 208 through motion component 120. As explained herein for two
SFQ parameter values of 1 and 100, gain parameters 162 are specified
for each of x-axis 202 (see Figs. 4 and 5), y-axis 204, c-axis 206, z-axis
210, and b-axis 212 through user interface 103. [0036]User interface 103
further includes at least one input member 107 and at least one output
member 109. The at least one input member is used to receive
information from a user or other source related to the machined part to be
machined. Exemplary input members 107 include a touch screen, a
keyboard, one or more buttons or switches, a CD drive, a floppy drive, an
interface to a computer network (wireless or wired), and other suitable
devices for providing information to motion control system 1.00.
Exemplary output members 109 include a display (such as a touch
screen), lights, a printer, and other suitable devices for presenting
information. [0037]Additional details of motion control system 100 are
provided in US Provisional Application Serial No. 60/821,513, filed on
August 4, 2006, Atty Docket HUR-P196, titled SYSTEM AND METHOD
FOR SURFACE FINISH MANAGEMENT. In one embodiment, the
software component is an object-oriented software component. In another
embodiment, the software component is based on the software described
in U.S. Patent No. 5,453,933 issued on September 26, 1995 and titled
CNC CONTROL SYSTEM, the disclosure of which is expressly
incorporated by reference herein. [0038]Further, the software component
may include the functionality disclosed in U.S. Provisional Patent
Application Serial No. 60/821,503; filed August 4, 2006, titled SYSTEM
AND METHOD FOR TOOL CENTER POINT MANAGEMENT, Atty
Docket HUR-P197; U.S. Provisional Patent Application Serial No.
60/821,523; filed August 4, 2006, titled  -9- 



KINEMATICS COMPENSATION OBJECT ORIENTED SYSTEM AND
METHOD FOR MACHINE TOOL CONTROL, Atty Docket HUR-P198; and
U.S. Provisional Patent Application Serial No. 60/821,481i filed August 4,
2006, titled SYSTEM AND METHOD FOR TOOL USE MANAGEMENT,
Atty Docket HTUR-P199, the disclosures each of which are expressly
incorporated by reference herein. [0039]Path planning interface
component 102 receives information about the desired geometry to create
with a motion device 112, such as a tool. Regardless of the source of the
desired geometry, path planning interface component 102 provides
information 114 related to how to generate the desired geometry with
motion device 112 to trajectory generation component 108. In one
embodiment, information 114 includes trajectories, such as lines and arcs,
and feedrates. [0040]Path planning interface component 102, in one
embodiment, receives geometry information generated at a stand-alone
CAM package, such as over a network or from a portable computer
readable media. In one example, path planning interface component 102
receives a program file that specifies the desired geometry. in one
example, path planning interface component 102 receives an NC program
expressed in a standard G&W code language, or a close derivative of this
language based on either the International Standards Organization (ISO)
or the Electronics industries Association (EIA) RS-274-D, using codes
identified by letters such as G, M, and F. The codes define a sequence of
Machining operations to control motion in the manufacture of a part.
Trajectory generation component 108 converts the codes to a series of
electrical signals which motion component 120 uses to control machine
control system 200 effecting the motion of one or more tools along a
programmed trajectory either by a movement of the tool relative to the
part, a movement of the part relative to the tool, and/or a movement of
both the tool and the part. [0041]Path planning interface component 102,
in one embodiment, receives geometry information from a user through a
user interface. In one example, a user may be programming a second part
through the user interface 103 while the motion control system 100 is
cutting a first part. An exemplary path planning interface component is the
WINMAX brand interface available from Hurco Companies, Inc. located at
One Technology Way in indiaimpolis Indiana.  -10- In one example, a user
may specify the desired geometry through the programming of data blocks
with the interface. [0042]Motion device 1.12 corresponds to one or more
tools used to remove material from a piece of material to create a desired
machine part. In one embodiment, a plurality of tools are supported in an
automatic tool changer, each in a tool station as disclosed in U.S.
Provisional Patent Application Serial No. 60/821,481; filed August 4, 2006,
titled SYSTEM AND METHOD FOR TOOL USE MANAGEMENT, Atty
Docket HUR-P199, the disclosure of which is expressly incorporated by
reference herein. [0043]Surface finish interface component 104 receives
information about the desired surface finish of the geometry to create with
motion device 112, As explained herein, a user may specify one or more
values for an SFQ parameter. For example, a single overall SFQ
parameter value may be specified. This will result in motion control system
100 controlling the movement of motion device 112 relative to the part to
maintain a surface finish quality generally corresponding to the single
overall SFQ parameter value during the entire operation of the motion
device 11.2. Further, SFQ parameter values may be specified based on
the tool being used, the operation being performed, and the feature being
machined. In one embodiment, a user provides at least one SFQ
parameter value, the tool path, and the feedrates for the tool to motion
control system 100. The surface finish algorithm component 106 acts on
this input and modifies servo gains and the acceleration and jerk
parameters on the fly to achieve desired surface finish specified by the at
least one value for the SFQ parameter. [0044]In one embodiment, surface
finish interface component 104 provides information 116 to surface finish
algorithm component 106 which provides modified gains for parameters of
motion control system 100, such as the HD gains, the feed forward gains,
modified cornering table parameter values, and real time following error
tolerances based on the desired surface finish quality. 



10045]System tuning component 110 provides an initial set of gain values
for the PM gains, the feed forward gains, acceleration related parameters,
and jerk related parameters. System tuning component 110 further
provides initial cornering table parameter values which control the feethate
slowdowns when transitioning between line segments.  WO
2008/019275PCT/US2007/075003 [00461As is known, a given machining
center, such as the VTX/HTX Series Machining Centers available from
Hurco Companies, Inc. located at One Technology Way in Indianapolis,
Indiana, has a machine response to requested movements of the
moveable axes winch causes a movement of a machine tool. A given
motion device, also has a response to requested movements. Typically,
the machine response is the dominant factor in the overall response and
any response of the motion device is negligible. As such, in one
embodiment, surface finish algorithm component 106 varies the gain
parameters based on the dominant machine response irrespective of the
motion device 112 being used. 100471In one embodiment, the values for
the gain parameters, such as the PID gains and the feed forward gains,
based on a specified SFQ parameter value are calculated as follows.
Through experimentation two sets of values for a plurality of gain
parameters are determined. A first set of values for the plurality of gain
parameters correspond to a low gain situation wherein the motion device
112 moves more slowly relative to the part and is less responsive to
changes in acceleration and direction, The first set of values for the
plurality of gain parameters should be chosen to provide an acceptable
movement of motion device 112 that reasonably follows the desired
geometry. A second set of values for the plurality of gain parameters
correspond to a high gain situation wherein the motion device 112 moves
more quickly relative to the part and is more responsive to changes in
acceleration and direction. The second set of values for the plurality of
gain parameters should be set to prevent machine resonance which may
accompany fast accelerations and to reduce any overshooting of the
motion device 112 relative to the part to an acceptable level or eliminate
any overshooting of motion device 112. In one embodiment, the first set of
values for the plurality of gain parameters and the second set of values for
the plurality of gain parameters are determined by monitoring the
response of the machine tool system 200 to a step input. [00481Once the
first set of values for the plurality of gain parameters and the second set of
values for the plurality of gain parameters have been determined, they are
set to correspond to an SFQ parameter value of 100 and an SFQ
parameter value of I, respectively. This is represented in Fig, 3 for a first
parameter of the plurality of parameters. Referring to Fig. 3, point 150
corresponds to an SFQ value of 1 and the specified value in the second
set of experimentally determined gains for the first parameter of the
plurality of parameters. Point 152 corresponds to  -12- an SFQ value of
100 and the specified value in the first set of experimentally determined
gains for the first parameter of the plurality of parameters. A similar graph
may be made to illustrate the correspondence between values of the SFQ
parameter and a given parameter of the plurality of parameters. The curve
in Fig. 3 may correspond to the proportional gain parameter. [0049]In one
embodiment, the potential values for the SFQ parameter range from Ito
100, point 150 (SFQ=1, Gain=parameter value for parameter from the
second set of values) and point 152 (SFQ=100, Gain-parameter value for
parameter from the first set of values), define the values for the given gain
parameter at the endpoints of the SFQ scale or curve 154. Function 154
may be defined such that it passes through point 150 and point 152.
Function 154 is used to determine the value of the first parameter that
correspond to an SFQ parameter value between 1 and 100. In one
embodiment, function 154 requires that for an SFQ parameter value
between 1 and 100, the resultant value of the first parameter gain is at
least equal to the value of the first parameter of the second set of gains
and does not exceed the value of the first parameter of the first set of
gains. In the illustrated embodiment, function 154 is a linear function as
illustrated in Fig. 3. The two endpoints, point 150 (SFQ-1, Gain=parameter
value for parameter from the second set of values) and point 152
(SFQ=100, Gain=parameter value for parameter from the first set of
values), define a line which is used as the basis for calculating a third
value of the first parameter of the plurality of parameters for an
intermediate value of SFQ parameter, such as SFQ-50. [0050]In one
embodiment, a user specifies the first set of values for the plurality of gain 



parameters and the second set of values for the plurality of gain
parameters through user interface 103. In one embodiment, a user
specifies the first set of values for the plurality of gain parameters and the
second set of values for the plurality of gain parameters through a GUI
user interface 103. Referring to Fig. 4, an exemplary screen 160 of user
interface 103 is shown. The gain parameters 162 may be set through
selection inputs 166 (indicated for the proportional parameter 168).
Illustratively, selection inputs 166 are fill-in fields. Other exemplary
selection inputs may be used, including sliders. The gain parameters 162
are specified for a particular SFQ parameter value 170. Illustratively, the
gain parameters 162 correspond to an SFQ parameter value of 1. In a
similar fashion, gain parameters 163 are specified for an SFQ  -13-
parameter value of' 100, reference number 171 in Fig. 5. As such, he
values of gain parameters for points 150 and 152 are established.
100511It should be noted that user interface 103 permits the entry of gain
parameters 162 for an x-axis of a machine tool system, such as machine
tool system 200. In addition to having a plurality of functions 154 for the
x-axis, one for each parameter that is settable through the SFQ
parameter, additional functions 154 are established for the similar
parameters for y-axis 204, c-axis 206, z-axis 210, and b-axis 212 of
machine tool system 200 through user interface 103. [00521In one
embodiment, surface finish algorithm component 106 also uses a linear
relationship to determine the commanded acceleration values wid jerk
parameters based on the value of the SR) parameter input. The larger the
value of the SFQ parameter, the greater the acceleration. With larger
acceleration machine throughput is increased but a lower surface finish
quality is realized, and with less acceleration surface finish is improved at
the expense of longer cutting time. Once again, values for the
commanded acceleration and jerk parameters are determined at two
extreme settings of the machine. These two extremes are assigned to the
endpoints of the SFQ parameter range of values. [00531Referring to Fig.
4, an acceleration parameter value 174 is specified for the SIR-)
parameter value of I. Referring to Fig. 5, an acceleration parameter value
176 is specified for the SFQ parameter value of 100. In addition, values
are specified for the S-curve TI time which relates to the jerk. The TI time
corresponds to the time period for constant acceleration to be reached.
Referring to Fig. 4, an S-curve TI time parameter value 178 is specified for
the SFQ parameter value of I. Referring to Fig. 5, an S-curve Ti time
parameter value 180 is specified for the SFQ parameter value of 100.
Values for acceleration and jerk may be found for intermediate SFQ
parameter values based on a function which passes through the
endpoints of the SFQ range. In one embodiment, the function is a linear
function. In a similar manner as with the values for the gain parameters,
the values for the acceleration and jerk parameters are specified for the
two SFQ endpoints for each of x-axis 202, y-axis 204, c-axis 206, z-axis
210, and b-axis 212 through user interface 103. 100541The cornering
table parameters are also adjusted based on a value of the SFQ
parameter. The parameters for the cornering table, illustratively
parameters A, B, and C below, are chosen for the range of SFQ
parameter values. As shown in equation (I) the slowdown  -14- feedrate
threshold for a given SFQ parameter value may be determined. In one
embodiment, coefficient A is set to zero resulting in the slowdown feedrate
threshold being a linear function based on the SFQ parameter value.
[0055]The cornering algorithm first computes a slowdown feedrate
threshold, then 



computes the corner feedrate for each axis, and then determines the final
corner feedrate which is the minimum of all the individual axis corner
federates. The angle of the corner is implied by the values of the unit
direction vector. [0056]The equation for the slowdown threshold is:
Slowdown feedrate threshold = Ax2 + Bx C(1 ) where ABC = the cornering
coefficients, which are paratneterized and x=SFQ/100, where the user has
selected the SFQ value (1-100). [0057]The equation for the corner
feedrate for each axis is: Axis Corner Feedrate = slowdown feedrate
threshold (2) lu-v1 where u = unit direction vector for next move, for a
given axis, and v = unit direction vector for the last move, for a given axis.
10058]The final comer feedrate is the minimum of each of the individual
axis corner feedrates: Final Corner Feedrate = MIN (F" Fy, F. Fa, Ft,
170)(3) [4:1059]Trajectory generation component 108 provides the
position points or ideal trajectory for the motion device to follow to create
the desired geometry. Various techniques are used to determine the
position points including data smoothing. As mentioned herein, a user
may specitY a smoothing parameter which in effect will vary the degree
that the position points may differ from the true desired positions.
[0060]The data smoothing transforms the part program data received from
path planning 



interface component 102 into high quality motion data which is used by
motion component 120 of motion control system 100. The smoothing of
the received data may be particularly useful with legacy part programs
expressing complex part geometry using polygon approximations.  -1 5-
The smoothing operations minimize the faceting of the polygon
approximations while maintaining the position points within a desired
tolerance [0061]The value of the smoothing tolerance parameter
corresponds to the maximum distance that the internal position data can
deviate from the original tool path. The larger the tolerance value, the
more flexibility the trajectory generation component 108 has in smoothing
out the tool path. However, the value of the smoothing tolerance
parameter should not be so large as to cause the trajectory generation
component 108 to lose the intended geometry of the part. This tecimology
has the benefit of achieving smoother velocity, smoother acceleration,
better feedrate control and improved surface finish. In one embodiment,
the data smoothing of trajectory generation component 108 is controlled
by two parameters; the smoothing enable parameter and the smoothing
tolerance parameter. In one embodiment, the data smoothing of trajectory
generation component 108 is controlled by a single parameter, the
smoothing tolerance parameter. A zero value for the smoothing tolerance
parameter results in the data smoothing of trajectory generation
component 108 being disabled and the tool path being unmodified from
the original part program. In one embodiment, the smoothing tolerance
parameter value is in the range of 0.0002 inches to 0.0010 inches when
not disabled. The smoothing tolerance parameter value may be specified
by the user as illustrated in Figs. 7, 8, and 12 [0062]Additional details
about various techniques used by trajectory generation component 108
are provided in U.S. Provisional Patent Application Serial No. 60/664,398,
filed March 23, 2005, titled "METHOD OF TRAJECTORY MOTION
CONTROL," Atty. Docket HUR-P0126; U.S. Patent Application Serial No.
11/277,286, filed March 23, 2006, titled "METHOD OF CURVATURE
CONTROLLED DATA SMOOTHING," Atty. Docket HUR0126-01; U.S.
Patent Application Serial No. 11/277,291, filed March 23, 2006, titled
"METHOD OF PERFORMING ADDITIVE LOOK-AHEAD FOR ADAPTIVE
CUTTING FEEDRATE CONTROL," Atty. Docket T-IIIR0126-02; and -U.S.
Patent Application Serial No. 11/277,305, filed March 23, 2006, titled
"METHOD OF TOLERANCE-BASED TRAJECTORY PLANNING,' Atty.
Docket HUR0126-03, the disclosures each of which are expressly
incorporated by reference herein.  16- The hardware components,
MEIAMP motion board, Hurco RN4B, Servo Drives and Encoders are
used in the ULTIMAX brand system available from Hurco Companies, Inc.
located at one Technology Way in Indianapolis, Indiana. [0064]Motion
component 120 uses the position points, time information, and velocities
provided by trajectory generation component 108 and information
provided by surface finish algorithm component 106 in the movement of
motion device 112 relative to the part through the movement of one or
more of the axes of machine tool system 200. In one embodiment, motion
component 120 controls a movement of motion device 112 to maintain a
position of motion device 112 within a specified tolerance or tolerances
from the position points provided by trajectory generation component 108.
A tolerance based motion control system, including a method for setting
feedrates based upon tolerance restraints, is disclosed in U.S. Patent No.
6,242,880, the disclosure of which is expressly incorporated herein by
reference. [00651Referring to Fig. 7, an exemplary screen 300 of user
interface 103 is shown. Screen 300 of user interface 103 includes a
selection input 302 whereby a user may specify a value for the SFQ
parameter. As indicated by textual label 304, the SFQ parameter value
specified through selection input 302 is the default value for the SFQ
parameter. The default value is used in the absence of another value.
[0066]Screen 300 of user interface 103 also includes a selection input 306
which 



corresponds to a value for the smoothing tolerance parameter for
trajectory generation component 108 as indicated by textual label 308. In
order to disable the smoothing tolerance feature, a zero value should be
specified with selection input 306. [0067]Referring to Fig, 8, an alternative
screen 310 of user interface 103 is shown for specifying the default value
for the SFQ parameter and the smoothing tolerance value. Screen 310 of
user interface 103 includes a first selection input 312 through which the
default value for the SFQ parameter is specified. Selection input 312
includes a first selection mode 314 wherein a user may fill-in the desired
value for the SFQ parameter and a second selection mode 316 wherein a
user drags a slider 318 to specify the desired value for the SFQ
parameter. [00681Screen 310 of user interface 103 further includes a
selection input 320 corresponding to the smoothing enable parameter. As
shown in Fig. 8, selection input 320 is  H 7- selected indicating that the
smoothing enable parameter is disabled. Another selection input 324 is
provided to specify a value for the smoothing tolerance parameter for
trajectory generation component 108. 10069]The screens 300 and 310 of
user interface 103 indicate the selection inputs for providing a default
value for the SFQ parameter. Motion control system 100 may be operated
in one of two modes of operation, a conversational mode of operation and
an NC mode of operation. In the conversational mode of operation, a user
during a programming session is presented with one or more screens of
user interface 103 through which the user may program the desired
geometry for the machined part and specify one or more values for the
SFQ parameter. In one example, the user programs the desired geometry
for the machined part by defining a plurality of operations with various
motion devices 112 which result in the desired geometry of the machined
part. In the NC mode of operation, an NC program is provided that
includes instructions related to the desired geometry and one or more
instructions specifying values for the SFQ parameter. In the case of an NC
program, such as shown in Fig. 11, the default value for the SFQ
parameter may be specified by a given code, illustratively a change
parameter code 05.3. Both the conversational mode of operation and the
NC mode of operation take into account the default value for the SFQ
parameter and use that value in the absence of another specified value for
the SFQ parameter. [00701Further, both the conversational mode of
operation and the NC mode of operation may use a value for the SFQ
parameter specified for a given tool in a tool library when that tool is being
used by machining center 200. Referring to Fig. 9, a tool setup screen 330
for interface 103 is shown. A name for the tool may be specified through
selection input 332. The ability to specify a tool specific SFQ parameter
value is provided through selection input 334. ff "F.nable 05.3 SFQ" is set
to YES, the 05.3 SFQ value is automatically set when this tool is used.
Illustratively, a tool specific SFQ parameter value is selected. A value for
the SFQ parameter specific to the tool is specified through selection input
336. Illustratively, the value is set to 20. This value will be applied when a
tool change to Tool 19 occurs. in one embodiment, different values for the
SF() parameter may be set for a tool depending on the operation type
being performed by the tool. Exemplary operation types include roughing
and finishing.  -18- 100711Referring to Fig. 10, a screen 340 of user
interface 103 is shown wherein an NC 



program 342, programmed in the G&M code language, is being edited. In
one embodiment, NC program 342 is loaded through user interface 103. A
value for the SFQ parameter is set in the NC program through code 344,
illustratively "G5.3P100." Code 344 sets the value of SFQ parameter to
100. As such, code section 346 will be associated with a prior value of
SFQ parameter, such as the program default parameter, and code section
348 will be associated with a value of 100 for the SFQ parameter. Code
350 once again changes the value of the SFQ parameter, illustratively to I.
Code section 352 will be associated with a value of 1 for the SFQ
parameter. [00721In one embodiment, a hierarchal system is used to
determine the SFQ parameter value to use when multiple SFQ parameter
values are provided. For instance, an overall or default SFQ parameter
value of 70 may be specified along with a tool specific SFQ parameter
value of 30 for a first tool. In this scenario, the overall SFQ parameter
value is used unless the first tool is selected at which point the tool
specific SFQ parameter value is used. Further, hierarchical examples are
provided below in Table I. [00731Referring to Table I several scenarios
are provided which illustrate the dominant value of the SFQ parameter at
various instances. Table I NC Program SFQ priorities. Row Event Current
Tool uses own SFQ? New Tool uses own SFQ? Last SFQ setting SFQ
setting  Start of Program YES  



None Tool's SFQ  Start of Program a NO --- None Program Parameter 3
Tool Change YES/ NO YES Any New tool's SFQ  



Tool Change NO NO None Program Parameter D Tool Change YES NO
Old Tool's SFQ Last 05.3 from program (or Program Parameter)  Tool
Change YES/NO NO 05.3 in nrogam 



G5.3 from program retained  05.3 in program YES/NC)  Any 05.3 from
program  -19-    meter then the SFQ parameter is set to that value. As
indicated in the second row, if the current tool does not have an
associated value for the SFQ parameter then the SFQ parameter is set to
the default value of the SR). parameter specified as the program default
value. [0075]The third through sixth rows of Tablet' correspond to tool
change transitions. As indicated in the third row, the new tool has a
specified value for the SFQ parameter, In this situation, regardless of the
previous value for the SFQ parameter, the SFQ parameter is set equal to
the value specified for the new tool. As indicated in the fourth row, neither
the current tool nor the new tool has an associated value for the SFQ
parameter nor has a value for the SFQ parameter been set in the program
listing, such as a G5.3 code. In this situation, the value of the SFQ
parameter remains the default value of the SFQ parameter specified as
the program default value. [0076]As indicated in the fifth row, the current
tool has a specified value for the SFQ parameter and the new tool does
not have a specified value for the SFQ parameter. As such, the last SFQ
parameter setting was the value associated with the previous tool,
However, this value is specific to the previous tool. In this situation, the
value for the SFQ parameter reverts to the last value of the SFQ
parameter specified in the NC program with a command or the default
value of the SFQ parameter specified as the program default value, if no
value has been set through a program command. [0077]As indicated in
the sixth row, the current tool may or may not have a specified value for
the SFQ parameter and the new tool does not have a specified value for
the SFQ parameter. As such, the last SFQ parameter setting was the
value of the previous tool or if none was specified, a value from a.
program command. In this situation, the value for the SF, parameter
reverts to the last value of the SFQ parameter specified in the NC
program with a program command. 



[0078]As indicated in the seventh row, new value for the SFQ parameter
is set through a program command. Regardless of whether the current
tool has a specified value for the SFQ parameter or not, the value of the
SFQ parameter from the program command controls. [0079]Referring to
Fig. 11, an exemplary NC program 360 is presented. As stated in
comment line 362 the system default value for the SFQ parameter is set
to a value of 60.  -20- Therefore, absent any changes the operations
described in program 360 will be associated with an SFQ parameter value
of 60. In comment line 364 ills indicated that Tool 1 has an associated
SFQ parameter of 75. In comment line 366 it is indicated that Tool 2 has
an associated SFQ parameter of 25. As indicated by the grouping of
comment lines 368 that neither Tool 3 nor Tool 4 have a specified value
for the SFQ parameter. [0080]In line 370, Tool 4 is requested to be loaded
into the spindle 220 of machine tool system 200. Referring back to
comment line 368, Tool 4 does not have a specified value for the SFQ
parameter. As such, the default program value for the SFQ parameter
controls. [0081]Lines 372 are then executed by machine tool system 200
with Tool 4. In line 374. Tool 1 is requested to be loaded into the spindle
220 of machine tool system 200 in place of Tool 4. As indicated in
comment line 364, Tool 1 does have a specified value for the SFQ
parameter. As such, lines 376 are executed by machine tool system 200
with the SFQ parameter value of 75 specified for Tool 1. [0082]At line 378
a program change to the value of the SFQ parameter is provided. The
value of the SFQ parameter is set to 80, even though the tool specified
value of the SFQ parameter for Tool I is 75. As such, lines 380 are
executed by machine tool system 200 with the SFQ parameter value of
80. [0083]At line 382 another tool change is encountered. Tool 2 is
requested to be loaded into the spindle 220 of machine tool system 200.
As indicated in comment line 366, Tool 2 has a specified value for the
SFQ parameter. As such, lines 384 are executed by machine tool system
200 with the SFQ parameter value of 25. [0084]At line 386 another tool
change is encountered. Tool 3 is requested to be loaded 



into the spindle 220 of machine tool system 200. As indicated in comment
lines 368, Tool 3 does not have a specified value for the SFQ parameter.
As such, lines 388 are executed by machine tool system 200 with the SFQ
parameter value of 80 (the last program command value for the SFQ
parameter value in line 378). [0085]At line 390 a program change to the
value of the SFQ parameter is provided. The value of the SFQ parameter
is set 10 40. As such, lines 392 are executed by machine tool system 200
with the SFQ parameter value of 40.  -21- [0086]At line 394 another tool
change is encountered. Tool 4 is requested to be loaded into the spindle
220 of machine tool system 200. As indicated in comment lines 368, Tool
4 does not have a specified value for the SFQ parameter. As such, lines
396 are executed by machine tool system 200 with the SFQ parameter
value of 40 (the last program command value for the SFQ parameter
value in line 390). [00871In one embodiment, a user may specify multiple
program default values for the SFQ parameter. Referring to Fig. 12, in one
example of a programming session hi the conversational mode of
operation, screen 400 is presented wherein a first SFQ parameter value
for a roughing operation may be selected through selection input 402 and
a second SFQ parameter value for a finishing operation may be selected
through selection input 404. A selection input 406 is also provided for
specifying a value for the smoothing tolerance for trajectory generation
component 108. [0088]In a further example, a user may specify a first
SFQ parameter value for a first tool and a second SFQ parameter value
for a second tool. Further, each of said first tool and said second tool may
each have multiple SFQ parameter values depending on the operation to
be perfumed, such as roughing or finishing. In yet a further example, a
user may specify a first SFQ parameter value for a given feature of the
geometry, such as a surface. 10089IA separate SFQ value may be set for
each available operation (Roughing, Finishing) in a milling block, a rotary
block (contour, circle, :frame), and other suitable blocks selected in a
conversational mode of operation. An example of this is shown in screen
420 of user interface 103 in Fig. 13. In Fig. 13, a mill contour operation
block is being defined in a. programming session in the conversational
mode of operation as indicated by textual label 422. The geometrical
parameters are provided in selection inputs 424. A value for the SFQ
parameter for roughing operations in the mill contour block is specified
with selection input 426. A value for the SFQ parameter for finishing
operations in the mill contour block is specified with selection input 428.
[0090]A swept surface operation in the conversational mode of operation
also has separate SFQ for pocket roughing and finishing when it is set as
a pocket boundary. With the swept surface function, a user may define a
two-dimensional surface and then sweep that surface along  



-22- a contour, creating complex three-dimensional geometries within one
conversational data block. In one example, a user may define a surface
for the walls of a pocket. [0091]The conversational mode of operation also
has a change parameter block. The change parameter block changes the
SFQ parameter value for any new blocks created after it. [0092]A new
SFQ can be set for the roughing and finishing operations in multiple
consecutive blocks of a program in the conversational mode of operation
from the Change Surface Finish Quality screen 440 shown in Fig, 14. As
shown in Fig. 14, a selection input 442 is provided to specify a start block
and a selection input 444 is provided to specify an end block. Illustratively,
all blocks starting with block 4 and ending with block 8 will be altered.
100931A selection input 446 is provided on screen 440 whereby a user
may select to change the roughing SF'Q parameter value for the blocks
selected with selection inputs 442 and 444. If "Yes" is selected with
selection input 446 then selection input 448 is activated wherein a. user
may specify a new value for the SFQ parameter. Selection input 448
includes a first selection mode 450 wherein a user may fill-in the desired
value for the SFQ parameter and a second selection mode 452 wherein a
user drags a slider 453 to specify the desired value for the SFQ
parameter. In one embodiment, only selection mode 450 is presented.
[00941A selection input 454 is provided on screen 440 whereby a user
may select to change the finishing SFQ parameter value for the blocks
selected with selection inputs 442 and 444. If "Yes" is selected with
selection input 454 then selection input 456 is activated wherein a user
may specify a new value for the SFQ parameter. Selection input 456
includes a first selection mode 458 wherein a user may fill-in the desired
value for the SFQ parameter and a second selection mode 460 wherein a
user drags a slider 462 to specitt the desired value for the SFQ parameter.
In one embodiment, only selection mode 458 is presented. [00951in the
example shown in Fig. 14, the roughing SF' Q parameter value for blocks
4 to 8 is changed to a value of 80 and the finishing SFQ parameter value
for blocks 4 to 8 remains the same. [00961A user may specify values for
the SFQ parameter values in many different ways. In one embodiment,
the values for the SFQ parameter are provided through a user interface, in
another embodiment, the values for the surface finish parameter are
provided as part of a pail. program received by motion control system 100,
such as over a network. 



[0097]Various examples of geometry machined by motion system 100 are
shown in US Provisional Application Serial No. 60/821,513, filed on
August 4, 2006, Any Docket 1-11JRP196, titled "SYSTEM AND METHOD
FOR SURFACE FINISH MANAGEMENT." An example is provided herein
in Figs. 15.A and 5B which shows two instances 512 and 514,
respectively, of part 500. Instance 512 was machined with an SFQ value
of 100 during roughing operations and an SFQ value of 50 during finishing
operations. The run time for completing instance 512 was 2 hours, 49
minutes, and 13 seconds. Instance 514 was machined with an SFQ value
of 50 during roughing operations and an SFQ value of 50 during finishing
operations. The run time for completing instance 514 was 3 hours, 41
minutes, and 13 seconds. As shown in Figs, 15A and 15B, instances 512
and 514 have generally similar surface finishes. However, by increasing
the SFQ parameter value during roughing operations, motion device 112
was able to be moved relative to the part at a higher velocity and the time
required to machine instance 512 was about 1 hour less than the time
required to machine instance 514. [0098]The source code appendix of US
Provisional Application Serial No. 60/821,513, which is expressly
incorporated by reference herein, contains an exemplary embodiment.
[0099]While this invention has been described as having an exemplary
design, the present invention may be further modified Within the spirit and
scope of this disclosure. This application is therefore intended to cover
any variations, uses, or adaptations of the invention using its general
principles. Further, this application is intended to cover such departures
from the present disclosure as comeknown or customary practice in the
art to which this invention pertains.  MCSLLP 24 CLAIMS:  1. A method
for controlling a machine tool system to machine a part, the method
comprising the steps of:        providing a motion control system having a
conversational mode of operation and a numerical control ("NC") mode of
operation; setting a default surface finish quality ("SFQ") value;
determining, based on the default SFQ value, a default set of values for a
plurality of system parameters of the motion control system for controlling
a movement along a first axis of 



the machine tool system from a first set of values of the plurality of
parameters of the motion 10control system associated with a first SFQ
value and a second set of values of the plurality of parameters of the
motion control system associated with a second SFQ value;        receiving
a desired geometry for the part through one of the conversational mode of
operation and the NC mode of operation, wherein in the conversational
mode of operation during a programming session a plurality of machining
operations are defined using one or more 15motion devices which result
in the desired geometry for the part and at least one SFQ value which is
received during the programming session through a user interface, the at
least one SF() value being assigned to at least one of the plurality of
machining operations; and moving the machine tool system based on the
default set of values of the plurality of parameters of the motion control
system to perform at least a first operation during machining 20of the part.
2. The method of claim 1, further comprising the steps of: receiving a third
SFQ value; determining a third set of values of the plurality of parameters
of the motion control 25system for controlling the movement along the first
axis of the machine tool system based on the third SR) value from the first
set of values of the plurality of parameters of the motion control system
associated with the first SFQ value and the second set of values of the
plurality of parameters of the motion control system associated with the
second SFQ value; and moving the machine tool based on the third set of
values of the plurality of parameters 



30of the motion control system to perform at least a second operation
during machining of the part.  3. The method of claim 2, wherein the
desired geometry is received as an NC program in the NC mode of
operation and the third SFQ value is specified in the NC program as a
code in the  MC S L.LP 25 NC program, the step of determining the third
set of values of the plurality of parameters of the motion control system for
controlling the movement along the first axis of the machine tool system
based on the third SFQ value beimg performed subsequent to reading the
third SFQ value from the NC program. 5 4. The method of claim 2,
wherein the desired geometry is received as an NC program in the NC
mode of operation and the third SFQ value is associated with a first tool
identified in the NC program. 105. The method of claim 2, wherein the
desired geometry is received through the programming session in the
conversational mode of operation and the third SFQ value is specified
during the programming session.       6. The method of claim 5, wherein
the third SFQ value is associated with a first portion of the 15plurality of
operations.  7. The method of claim 5, wherein the third SFQ value is
associated with a roughing operation and a fourth SFQ value is
associated with a finishing operation. 208. The method of claim 5, wherein
the third SFQ value is associated with a first tool selected during the
programming session. 



9. The method of claim 5, wherein the third SFQ value is associated with a
first tool selected during the programming session and a fourth SFQ value
is associated with a second tool 25selected during the programming,
session.    10. The method of claim 9, farther comprising the steps of:
selecting the first tool;             assigning the third SFQ value for
subsequent operations using the first tool; 30selecting a third tool which
does not include an associated SFQ value; reverting back to the default
SFQ value for subsequent operations using the third tool.  MCSLLP 26
plurality of parameters of the motion control system for controlling the
movement of the machine tool system based an the default SFQ value
includes the steps of:      establishing for each parameter of the plurality of
parameters a surface finish quality curve which has a first point
corresponding to the first SFQ value and a first value of the
5corresponding parameter of the plurality of parameters of the motion
control system and a second point corresponding to the second SFQ
value and a. second value of the corresponding parameter of the plurality
of parameters of the motion control system; and       assigning values to
each of the default set of values for the plurality of parameters by
interpolating the respective surface finish quality curve. 10  12. The
method of claim 11, wherein each of the surface finish quality curves are
lines and the interpolation is a linear interpolation.      13. The method of
claim 1, wherein a first machining operation is to be performed with a first
15tool; further comprising the steps of: 



determining if the first tool has an associated first tool SFQ value; and
moving the machine tool system during the first machining operation (a)
based on the default SR) value when the first tool does not have an
associated first tool SFQ value and (b) based on the first tool SFQ value
when the first tool has an associated first tool SFQ value. 20  14. The
method of claim 13, wherein a second machining operation is to be
performed with a second tool; further comprising the steps of: determining
if the second tool has an associated second tool SFQ value; and moving
the machine tool system during the second machining operation (a) based
on 25 the default SR? value when the second tool does not have an
associated second tool SFQ value and (b) based on the second tool SFQ
value when the second tool has an associated second tool SFQ value.
15. The method of claim 13, wherein the associated first tool SFQ value is
provided in a tool 30library which is modifiable through a user interface of
the machine tool system.  16. The method of claim 1, wherein a first
machining operation is to he performed with a first tool; further comprising
the steps of receiving a first SFQ value prior o commencement of the first
machining operation;  MCSLLP 27        moving the machine tool system
during the first machining operation based on the first SFQ value when the
first tool does not have an associated first tool SFQ value and based on
the first tool SFQ value when the first tool has an associated first tool SFQ
value.  17. The method of claim 1, wherein the at least one SFQ value is
different from the default SFQ value.  18. A method for controlling the
movement of a machine tool system to machine a part, the method
comprising the steps of: 



10associating a first set of values of a plurality of parameters of a motion
control system with a first value of a surface finish quality ("SFQ")
parameter; the SFQ parameter having a range of possible values;
associating a second set of values of the plurality of parameters of the
motion control system with a second value of the SFQ parameter;
15receiving a first desired value of the SR.? parameter through a fill-in
input in a user interface; determining a third set of values of the plurality of
parameters of the motion control system for controlling the movement of
the machine tool system based on the first desired value of the SFQ
parameter front the first set of values of the plurality of parameters of the
motion 20 control system associated with the first value of the SFQ
parameter and the second set of values of the plurality of parameters of
the motion control system associated with the second value of the SFQ
parameter; moving the machine tool system based on the third set of
values of the plurality of      parameters of the motion control system to
perform at least a first operation during machining 25of the part; receiving
a second desired value of the SFQ parameter;         determining a fourth
set of values of the plurality of parameters of the motion control system for
controlling the movement of the machine tool based on the second
desired value of the SFQ parameter front the first set of values of the
plurality of parameters of the motion 30 control system associated with the
first value of the SFQ parameter and the second set of values of the
plurality of parameters of the motion control system associated with the
second value of the SFQ parameter; and        moving the machine tool
system based on the fourth set of values of the plurality of parameters of
the motion control system to perform at least a second operation during
the  MCSLLP 



28 machining of the part.    19. The method of claim 18, wherein the first
value corresponds to a first end of the range of possible values of the SFQ
parameter and the second value corresponds to a second end of the
5range of possible values of the SFQ parameter.  20. The method of claim
19, wherein the first set of values of the plurality of parameters and the
second set of values of the plurality of parameters are specified by the
step of inputting the first set of values of the plurality of parameters and
the second set of values of the plurality of 10parameters through a user
interface.  21. The method of claim 18, wherein the step of determining
the third set of values of the plurality of parameters of the motion control
system for controlling the movement of the machine tool system based on
the first desired value of the SFQ parameter includes the steps of:
15establishing for each parameter of the plurality of parameters a surface
finish quality curve which has a first point corresponding to the first value
of the SFQ parameter and a first value of the corresponding parameter of
the plurality of parameters of the motion control system and a second
point corresponding to the second value of the SFQ parameter and a
second value of the corresponding parameter of the plurality of
parameters of the motion control system; and 20assigning values to each
of the third set of values for the plurality of parameters by interpolating the
respective surface finish quality curve.    22. The method of claim 21,
wherein the surface finish quality curves are lines. 2523. The method of
claim 18, wherein the second desired value of the SEQ parameter
corresponds to a tool specific surface finish. 24. The method of claim 18
wherein the second desired value of the SFQ parameter corresponds to a
first operation type. 30 



25. The method of claim 24, wherein the operation type is one of a
roughing operation and a finishing operation.  26. The method of claim 18,
wherein the second desired value of the SFQ parameter  MCSLIP 29
corresponds to a feature specific surface finish.  27. A method for
controlling the movement of a machine tool system to machine a part, the
method comprising the steps of:       determining a first set of values of the
plurality of parameters for controlling the movement of die machine tool
system based on a first value of a surface finish quality ("SFQ")
parameter, the SFQ parameter having a range of possible values;
performing at least a first operation with a first tool based on the first set of
values of the plurality of parameters; 10replacing the first tool with a
second tool, the second tool having a. second value of the SFQ parameter
associated therewith; determining a second set of values of the plurality of
parameters for controlling the movement of the machine tool system
based on the second value of the SFQ parameter; performing at least a
second operation with the second tool based on the second set of
15values for the plurality of parameters; specifying a third value of the
SFQ parameter prior to a third operation with the second tool; 



determining a third set of values of the plurality of parameters for
controlling the movement of the machine tool system based on the third
value of the SFQ parameter; and 20performing the third operation with the
second tool based on the third set of values for the plurality of parameters.
28. The method of claim 27, wherein the step of determining the first set of
values of the plurality of parameters of the motion control system for
controlling the movement of the 25machine tool based on the first value of
the SFQ parameter includes the steps of:       establishing for each
parameter of the plurality of parameters a surface finish quality curve
which has a first point corresponding to a third value of the SFQ
parameter and a third value of the corresponding parameter of the
plurality of parameters of the motion control system and a fourth point
corresponding to a fourth value of the SFQ parameter and a fourth value
of 30the corresponding parameter of the plurality of parameters of the
motion control system; and       assigning values to each of the first set of
values for the plurality of parameters by interpolating the respective
surface finish quality curve.  MCSLIP 30  30. The method of claim 27,
wherein the first value of the SFQ parameter corresponds to a roughing
operation and at least one of the second and third values of the SFQ
parameter corresponds to a finishing operation.  31. The method of claim
27, further including the step of determinmg a. maximum deviation from
an intended travel path of at least one of the first tool and the second tool
based on a smoothing tolerance parameter value which is modifiable
through a user interface of the machine tool system. 10 32. The method of
claim 27, further including the step of enabling a selection input of a user
interface of the machine tool system, the specifying step including
identifying the third value of the SFQ parameter with the selection input of
the user interface. 1533. An apparatus for machining a part with at least
one tool, the apparatus comprising: 



a frame;        a moveable support supported by and moveable relative to
the frame, the moveable support supporting the part and having at least
two moveable axes;              a machine tool spindle supported by the
frame and moveable relative to the part, the 20machine tool spindle
adapted to couple the at least one tool;        a motion control system
operably coupled to the machine tool spindle and the moveable support,
the motion control system executing the machining of the part though the
controlled movement of the machine tool spindle and the moveable
support; and a user interface including at least one display and at least
one input member, the user 25interface operably coupled to the motion
control system, wherein the motion control system receives a desired
geometry through the user interface and at least one value of a surface
finish quality ("SFQ") parameter through the user interface, the user
interface having a conversational mode wherein an operator specifies the
desired geometry and the at least one value of the surface finish quality
parameter and a numerical control ("NC") mode wherein an NC program
30including the desired geometry and the at least one value of the SFQ
parameter is supplied to the at least one input member, the motion control
system determining at least one set of values for a plurality of parameters
based on the at least one value of the SFQ parameter from at least two
known sets of values of the plurality of parameters associated with at least
two values of the SR) parameter, the at least one set, of values for the
plurality of parameters being related to the  MCSLLP 31 controlled
movement of both the at least two movable axes of the moveable support
and the at least one axis of the machine tool spindle, wherein the range of
SFQ parameter has a range of possible values, wherein the range of SFQ
parameter values is a normalized range of potential values for each of the
parameters of the plurality of parameters. 5  34. The apparatus of claim
33, wherein a value for each parameter of the plurality of parameters are
determined by the motion control system through interpolation. 



35. The apparatus of claim 33, wherein the at least one set of values for
the plurality of 10parameters includes a first set of values and a second
set of values, the first set of values for the plurality of parameters being
related to a first operation during the machining of the part, the second set
of values for the plurality of parameters being related to a second
operation during the machining of the pan. 1536. The apparatus of claim
35, wherein the at least one value of the SFQ parameter includes a first
value and a second value, the motion control system determining the first
set of values for the plurality of parameters based on the first value of the
SFQ parameter and the second set of values for the plurality of
parameters based on the second value of the SFQ parameter. 2037. A
computer readable medium having computer-executable instructions for
controlling the movement of a machine tool system to machine a part, said
computer executable instructions comprising:         a numerical control
("NC") program including a plurality of machining operations and a
plurality of surface finish quality ("SFQ") parameters specified as a
plurality of SF'Q codes in 25the NC program;        instructions to
automatically determine for each one of the plurality of SFQ codes
specified in the NC program a set of values of a plurality of parameters of
a motion control system for controlling the movement of the machine tool
system from a first set of values of the plurality of parameters of the
motion control system associated with a first value of an SFQ
30parameter and a second set of values of the plurality of parameters of
the motion control system associated with a second value of the SFQ
parameter; and        instructions to move the machine tool system based
on a third set of values of the plurality of parameters of the motion control
system to perform at least a first operation of the plurality of operations
during the machining of the part, the third set of values being determined
MCSLLP based on a first SFQ code in the NC program.    38. The
computer readable medium of claim 37, further comprising the steps of: 



instructions to move the machine tool system based on a fourth set of
values of the 5plurality of parameters of the motion control system to
perform at least a second operation of the plurality of operations during
the machining of the part, the fourth set of values being determined based
on a second SFQ code in the NC program. 39. The computer readable
medium of claim 38, wherein the NC program identifies a plural 10of tools
of the machine tool system, the first SFQ code being associated with. a
first tool identified by the NC program and the second SF() code being
associated with a second tool identified by the NC program.    40. A
computer readable medium having computer-executable instructions for
controlling the 15movement of a machine tool system to machine a part,
said computer executable instructions comprising:       instructions to
automatically determine a first set of values of a plurality of parameters for
controlling the movement of the machine tool system based on a first
value of a surface finish quality ("SFQ") parameter, the SFQ parameter
having a range of possible values; 20instructions to perform at least a first.
operation with a first tool based on the first set of values of the plurality of
parameters;       instructions to replace the first tool with a second tool, the
second tool having a second value of the SFQ parameter associated
therewith; instructions to automatically determine a second set of values
of the plurality of 25parameters for controlling the movement of the
machine tool system based on the second value of the SR). parameter;
and 



instructions to perform at least a second operation with the second tool
based on the second set of values for the plurality of parameters,
wherein the instructions to determine a first set of values of the plurality of
parameters 30for controlling the movement of the machine tool system
based on a first value of an SFQ parameter includes:       instructions to
establish, for each parameter of the plurality of parameters, a surface
finish quality curve which has a first point corresponding to a third value of
the SFQ parameter and a third value of the corresponding parameter of
the plurality of parameters of the machine  MC SLLP 33 tool system and a
fourth point corresponding to a fourth value of the SFQ parameter and a
fourth value of the corresponding parameter of the plurality of parameters
of the motion control system; and            instructions to assign values to
each of the first set of values for the plurality of 5parameters by
interpolating the respective surface finish quality curve. 41. The computer
readable medium of claim 40, wherein the first operation includes a
roughing operation and the second operation includes a finishing
operation. 




