SYSTEM AND METHOD FOR SURFACE FINISH MANAGEMENT
Inventors:Kishore Lankalapalli, Robert J. Gorgol Jr., Yongxing Hao, Song
Liu, and Judith W. Miller RELATED APPLICATIONS [0001]This i
WBAEBA laims the benefit of US Provisional Application $ERA/RY7/075003
60/821,513, filed on August 4, 2006, Arty Docket HUR-P196, and US
Utility Application No. 11/830,429, filed on July 30, 2007, Atty Docket
HUR-P196- 01, both titted SYSTEM AND METHOD FOR SURFACE
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[0002]The present invention relates generally to the control of a motion
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moveable HB 1B o hachine tool system to control a surface finish of a
part machined with the machine tool system. [0003]It is known in the
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quality and throughput. A cause of this trade-off is the bandwidth limited
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machine tool system with three selections of surface finish quality, each of
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motion control system that gave a user the ability to select between
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relates to a motion control system for a machine tool system. In an
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[slisgjosures: & RAGHAOR fBE 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).

[0004] It 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 ULTIMAX 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."
g

[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



controlling a machine tool system to machine a part is provided. The
method comprising the steps of providing a motion control system having
conversational mode of operation and a NC -2- mode of
vget Pr%/(gg tault SFQ value; determining, based on the defaci’?ie{éﬁg ‘7’! 75003
a default set of values for a plurality of system parameters of the motlon
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
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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
cat nf valiiee nf the nhiiralitny of narametare for controllina the Mmovvement of



-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.

r interface operably coupled to the motion control system e_|
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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
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movement of the machine tool system based on the second value of
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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
far controllina the movvemaent of the machine tonl evetem haced nn the firet



SFQ parameter and system parameter values, such as gain parameters;
[0018]Fig. 4 illustrates an exemplary screen of a user interface wherein a

irs arameter values are specified; WO _
‘{z}éé@%‘%%sPCPuszoo71075003 [0019]Fig. 5 illustrates an eXSPIAR "
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
optirameterajaflieroidlerSFD pararhistevrisoshenified {0023 Fidndulinstralest one
JRPIXQMPIAYSHERPRhRMSS! NteHaseWRRIEH PR RN Y AW eefid control
STFeg %%@Qﬁﬁ?r is specified for a first tool; [ 024AFig. 10 “I'Iﬁtraheti an
emplary

SVS ¢ motign control system receryes a desire cometry, throu ¢ User
3éxem lary’screen ot a'user IIX]?EI’%CG wnerein a pgrtlon 1(% an e%(emp’llgry

ingrfageageahldsstipapleafeaiyt 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 the 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.

[0011] In 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 recetved 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.

10612] In 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;



'[0025]Fig. 11 illustrates an exemplary NC program; [0026]Fig. 12
(llustrates an exemplary screen of a user interface wherein a first default
arameter value of an SFQ parameter is specified for roughi erations
Vgﬂ&%?%@%ﬁd default parameter value of the SFQ parameteﬁgrégé?ﬁﬁ/ga"om
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
iamSk@sparaphetehdsi specifiethfosdaughiog hperatidnsofonangngecaid value of
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throughout the several views. DETAILED DE N OF THE
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disclosed in the fo owing detailed description. Rather, the embodiments
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cteaghimgs$nstructions 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.,

[0014] Additional 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

[0015] Fig. 1 illustrates a representation of an exemplary motion control system;
[0016] Fig. 2 illustrates a representation of an exemplary motion control system;
{0017] Fig. 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;



[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.
%éoﬂ%%ﬁﬁse tool positions correspond to the positions alon C&é%%%%“?’{%"“
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 mgye user specifiable surface finish
quality ("SFQ") parameter values 16. As explained herein SFQ parameter
[@HRles perrait aluserits specifipardesiredosarfscenfimighe gualitin fosegond set of
pilesited maghineRark gl a given aspect of a desired machined part. The
SFQ values may be specified for the overall part 18, for various operations
[@QGerformiedsdiingter eatioempfalyenavackitve pastorfor various features 22
of the machine part, for various tools 24 used in making the machine part,
[43&hor coRibindtisHa tarssrRRIUK SrasHRof REFETHNIBHATEING et St Walues
paeribemotiost enSTQl gystemr 10sig@fde; to quickly produce a. high surface
uality component and to permit the user to have better control over
[@lmhce fifiéh® gl sHaCTyMBTRRIDY FrtsFE VRivey fSicHRCS ey sy adséte:.
pdQR33IRefersing KrBigardmanaxgragpfagy motion control system 100 is
shown. Motion control system 100 includes a software component
[08¢Niding AipatHIptantsiy rrerfive sorapeioel D e e fimpsrpmeter value
onieP0p Sampenap-diddd s suracedinish algorithm component 106, a
trajectory generation component 108, and a system tuning component
[6028] The Viridli8lesrmigoaeptstivier sareciddntifiedibades ohdghctipntand! an
RN eduiiacke BRisapaate components, but rather may be
implemented in a plurality of ways. in one embodiment, the software
[¢BFiponeris. didlbtesredson exconiputst magtaile media accessible by a
controller for execution of the software components. in one embodiment,
[ planfiso mEeHARE CHHPBRRAY £6%5Ad SUABRCFfSHM St default
peampenehicki4rafE@ pmrametketimepapiiC tiong:king sperfacesfimish satgoditiefault
PERMIBONEM LG LN IRNS AT GOMPANEHLL OG- ARg system tuning
component 110 are real time applications. tool system 200 shown in Fig.
[@12Ekemplaiy hibhinedtool systelns generdl by unelintefas Hadtithked axis
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is a five axis machine tool system having a x-axis 202, a y-axis 2
PSAfEAL Ak Rttt SRePET & AHBUTEMRALBIE 208, a z-axis
(g AN asptatanal s 2 Rioyided a5 ParLah A BIOV AR08l vatue o an
support 2147 Tool support 214 includes a tool spindle 220 for%ol Ing a
SH ﬁ?&ﬁfa@ﬁéésﬂ‘?i@%&rﬁ%ﬁ%ghg&f’%r?ﬁa‘&ﬁﬂ@ﬂ%%@é#@@%’é&ﬁﬂ‘é’&%%ﬁ?al
pogemplady: saeiion devietsdisciQoerardrdt i aspedMarioa faphandeiatsns for a
r§x‘x§£aoql§15@1%tl% deviges; 19033 4Mlotion control system 100 controls the
movement of each of x-axis 202, y-axis 204, c-axis 206, z-axis 210, and

[beagis 212-ig mashineaparidinat is-sypponied enl sutfaces2h6 einoveablsrQ
pt,q_glee%QS through motion component 120. As explained herein for two
§F8 parameter values of 1 and 100, gain parameters 162 are specified

[osgach otynaxis i (seednigehdane Mdadsrdlfekimeip.A0 traugudst the
SZ\;g)élaVrilé:lwb-axis 212 through user interface 103. [0036]User interface 103
Ufther includes at least one input member 107 and at least one output
prembenlffsdhe aldeastanerinputimemper 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
COR <lIIREACE EINICH MANACEMENT In nne ambodimant the




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,
Y838°%iHedSYSTEM AND METHOD FOR TOOL USE MAAF/Q@@&/%N‘W”“
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 atool. Regardless of the source of the
desired geometry, path planning interface component 102 provides
[#6%atmatiorhd ddbrelatecttdifvdwetichge imeratecthet addsiredbg edmetiyewithimit the
ROl dewicreil2 Mf@ﬂ&%@gylg%%%%@%@m@a%gdj%ﬁm N RfRer, the

embodiment, information 114 includes trajectories, such as lines and arcs,
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CAM package, such as over a network or from a portable computer
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Mach Ining op erations to control motion in the manufacture of a part.
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programmed trajectory either by a movement of the tool relative to the

ﬂbeaw%lmcs\%anﬁﬂn\faﬁpﬂ%é%ﬁ&/’réfaﬁe}é%l%ﬁe f5dreshardrs ARRSsREpRiptions
tizothithées toplaundl thecipabt: (004 1ESER planmingtinterdaceccomponent 10R,able to
M&%MQQ'W&%JQ&@&‘&W%%@M Q&tawg&%ﬂt M. & UseLHaUgR Acrol
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tools used to remove material from a plece of material to create a desired

CRTBRINFIES Biaitd iedAREiRb BeiFASATUACHRIr ARl AT SRSUr So BpEitad i an

catitemaiic tonldhangehaaphcinadool statiantasdiagiogedrindhiDdiment, the
&%%' 9&@&%%%@&9&%%%&%@”&9&/ %Qﬂ%%%ciék?@l&%%%%oﬁ&%r

tlt ed SYSTEM AND METHOD FOR TOOL USE MANAGEM

FREEREE AR SPHEe S HRIERITSure %F\R}ﬁmlﬁeé‘%mf’é%mﬁééﬁﬁﬁféﬁfé&wponem

Iefendnoedaereiinh [0R431Scrfaoadinikia irtarbaceat amponénitibod telceifes finish

JQIMAUOR, AR e desirgd sHdaas NS ALINeEeMEIL IO EAE W hent

motion device 112, As explained herein, a user may specify one or more
VAR e @P&?ﬁ%ﬂ}imeter For example, a single overall SFQ
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100 controlling the movement of motion device 112 re atlve to the partto
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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]Iin one embodiment, surface
finich intarface comnonant 104 nrovvidece informatinn 11A to crirfacre finich



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
V{%‘%‘ﬂ?ﬁal cornering table parameter values which contfdi tHST8LARY3
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
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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
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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
WY YEYSf values for the plurality of gain parameters throRigHES@eI075003
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).
lllustratively, selection inputs 166 arefill-in fields. Other exemplary
selection inputs may be used, including sliders. The gain parameters 162
rarerspecifisd toviamarticutar Sﬁgémmemrﬁ\mﬂdﬁsﬁ@t Jihtéetm}ti\r@imﬂ@@lz
r r (o) FQ para rvalue of 1. In a
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p0|n SO e@EQ range. In one embodiment, the function is a linear
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ar abrpe er. ‘\ép rameter for the cornerln%f; table, illustrativel

parameters e @]‘Beloﬁl IS ﬁ%%Yn &gpdlegnapolis, Indiana.
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
Wiredi§RNECtor. [0056]The equation for the slowdown thresRSIH1&§2007/075003
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 Corneff-eedrate = slowdown feedrate
threshold (2) lu-v1l where u = unit direction vector for next move, for a
Ilgivercaxip)andsvrmunibairsctiodsseclakfaretheasiomover foraa give o faxis.
1R NE final gomer feedrate is the minimum of each of the individual
axis corner feedrates: Final Corner Feedrate = MIN (F" Fy, F. Fa, Ft,

[0042)(3) [4 1059 TsaiectorygeRpsation 6aBPRRRTHLINRIQYIAes thenaterial from a
iti ints qr ideal.trajectory for the motion devjce to follow.to create
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[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 112. 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 PID gains, the feed forward gains, modified cornering
table parameter values, and real time following error tolerances based on the desired surface

finish quality.

[0045] System tuning component 110 provides an initial set of gain values for the PID
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 feedrate slowdowns when transitioning between line segments.



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
RQIFA&LIg R omplex part geometry using polygon approximdtdies2047475003
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 distange that the internal position data can
deviate from the original tool path. The larger the tolerance value, the
(oo flexibiligkiheytrajgotornngenargtioneomgonant YO8 hasinsmoatbingng
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PRI AM PR BRI ATOHR FHHEBM FRRIAR, %%‘W%?WSE AEBaarechins tool
susad ndthealdkd IMAX brand system available from Hurco Companies, Inc.
located at one Technology Way in Indianapolis, Indiana. [0064]Motion
[¥ponertntothei§es thepditofrpbineiuEhtedheairmatiorstanenddiosivend set of
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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.
TONARIRArean 200 of 11icar intarface 102 alen inchiidace a calactinn inbiit R0A



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
BRLUAUENHH selection input 306. [0067]Referring to Fig, 8, BRI A7&003
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 js_specified. Selection input 312
includes a first selection mode 314 wherein a user may fill-in the desired
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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,
MOIGHUR75 G5 3P100." Code 344 sets the value of SFQ pAGHIERPTY75003
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 qf the SFQ parameter, illustratively to I.
Code section 352 will be associated with a value of 1 for the SFQ
parasnetedn{00720 Irfornecmbodimenin &ibisrascRatisysiennis usgdi@arameters

eﬁ;gﬁg{yngeotgg $HQParametes value to use when multiple SFQ parameter

ues are provided. For instance, an overall or default SFQ parameter
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r§ﬁ¥¥bﬁ9m§ S‘r&cpenf) nin Ogﬁ%rpo%r%asndod acceleration values and jerk parameters based on the
value of the SFQ 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.

[0053] Referring to Fig. 4, an acceleration parameter value 174 is specified for the SFQ
parameter value of 1. 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 T1 time which
relates to the jerk. The T1 time corresponds to the time period for constant acceleration to be
reached. Referring to Fig. 4, an S-curve T1 time parameter value 178 is specified for the SFQ
parameter value of 1. Referring to Fig. 5, an S-curve T1 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.

[0054] The 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 (1) the slowdown
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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 = Ax*> + Bx + C (H
where ABC = the comering coefficients, which are parameterized 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)
tu—v]|

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.

[00538] The final corner feedrate is the minimum of each of the individual axis corner
feedrates:

Final Corner Feedrate = MIN (Fy, Fy, F,, F,, Fy, Fo) (3)
[6059] 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 specify 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.
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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 technology 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 controlied 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, 2008, titled "METHOD OF TRAJECTORY MOTION CONTROL," Atty. Docket
HUR-P0126; U.S. Patent Application Serial No. 11/277,286, filed March 23, 2006, ti(tled
"METHOD OF CURVATURE CONTROLLED DATA SMOQOTHING," Atty. Docket
HURO0126-01; U.S. Patent Application Serial No. 11/277,291, filed March 23, 2006, titled
"METHOD OF PERFORMING ADDITIVE LOOKAHEAD FOR ADAPTIVE CUTTING
FEEDRATE CONTROL," Atty. Docket HUR(0126-02; and U.S. Patent Application Serial No.
11/277,3085, filed March 23, 2006, titled "MEETHOD OF TOLERANCE-BASED TRAJECTORY
PLANNING," Atty. Docket HUR0126-03, the disclosures each of which are expressly

incorporated by reference herein.

[0063] Motion component 120 includes various elements such as motion control cards,

servo drivers, encoders and other elements which move motion device 112 in a coordinated way.



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

WOSIEAEG Value for the SFQ parameter then the SFQ pararReTéyI2IeE 103
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 parametgg, In this situation, regardless of the
previous value for the SFQ parameter, the SFQ parameter is set equal to
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through selection mput 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. §, 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.

[0068] Screen 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



[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
WEeyisaranieter from the program command controls. [007 9FRETERMTAGS003
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 assqgciated with an SFQ parameter value
of 60. In comment line 364 ills indicated that Tool 1 has an associated
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another specified value for the SFQ parameter.

{0070] Further, 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, If “Enable
(5.3 SFQ” is set to YES, the G5.3 SFQ value is automatically set when this tool is used.
[Mustratively, a tool specific SFQ parameter value is selected. A value for the SFQ paramctcl
specific to the tool is specified through selection input 336. Illustratively, the value is set 1o 20.
This value will be applied when a tool change to Tool 19 occurs, In one embodiment, different
values for the SFQ parameter may be set for a tool depending on the operation type being

performed by the tool. Exemplary operation types include roughing and finishing.



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
ParaphEtaP37alue of 80 (the last program command value for BGE/8FQ07/075003
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. 1-_21- [0086]At line 394 another tool
change is encountered. Tool 4 is requested to be loaded into the spindle
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5 Tool YES NO Old Tool’s | Last G5.3 from program
Change SFQ (or Program Parameter)

6 Tool YES/NO NO G531 (5.3 from program retained
Change program

7 G53in YES/NO -=- Any (5.3 from program
program

[0074] The first two rows in Table I specify the value of the SFQ parameter at the start of

the program. As indicated in the first row, if the current tool has an associated value for the SFQ



-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
WR28M4RGE parameter block. The change parameter blocRER4RGRY A{EM03
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 Qualify screen 440 shown in Fig, 14. As
shown in Fig. 14, a selection input 442 is provided to specify a start block
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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 SFQ
parameter reverts to the last value of the SFQ parameter specified in the NC program with a

program command.

[6078] As indicated in the seventh row, a 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.

[6079] 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.



[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
PORISIORFACE FINISH MANAGEMENT." An example is proGiiBsRHErEiF03
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 completipg instance 512 was 2 hours, 49
minutes, and 13 seconds. Instance 514 was machined with an SFQ value
fcRG raisgngfﬁug bingoePeatjRns: @iﬁqi@&iﬁg&\@&%s P ffa%@ %Hl’iﬂgaﬁsryff}mvith
0 tions. The run time for completing instance. as, 3 hours, .
e 15 S e S SSTA I Ik LA YT IR st
s eanpiavel generedipmimiline Saffddeifiditshdsh dne versn inereiatsih§FQ
phenRER.parameterdalus,dusing (aug bingRReIAtIRS shation deyies. 11 2or
%%P&ble to belpegve relat ve%{:f thgmpart at a higher velocity and the time

aye a specl alue for the y .
FRQUIrEdtH RIALh & R8s BT RFEE S Bout 1 hour less than the time

[Repyred tamackiperinstancepld.J0088ILASISAUEE GRd8.aPPeRdX-RHE S0l

Provisj lication Serial No, 60/821,513, which is express|

g B e 6 RAVE ol S8 B b o e
36099 vuhike. thissivhethti dnfhdspharrdescr foetaSHapdrgratarexemyiary
des}j:?n, the present invention ma%ibe further modified Within the spirit and

988He of S HGST R HRS UHPREAHON1S BoLRETETR HH0eNHRA TS dovitine 374
By Variadiosts| uses|ocadeddaptiticpmdf the afvention tsingsitsng®nerallace of Tool

principles aurthes hisiapPrHgation isdﬁamdggsﬁ%&ﬁmﬁugﬁﬂﬁg@wg@maa,

from the present disclosure as comeknown or customary practice in t
AR N TRRASHIEh PePRaas RAEETER Y wibaiin SE Qarensishiue of 75
dorctedtfolllingl & machine tool system to machine a part, the method

comprising the steps of: providing a motion control system having a
18Rk & HedofThe

ersatiohiifrioud BPEperatioRcdn ' Al RaPESRIGIPAeE Bioy
wiberafitn Ssethngnadefatdt sirdace fiticlylgtality(SSEQE) vahuesf the SFQ

SeigEmnnghased onbe default SHQvalue:a gefauihsetoh ¥§Q¥é‘3§z§ﬁb’ Bith the

gllurality of system parameters of the motion control system for controlling

MBvardHalene 8%rst axis of

[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.

[6084] 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] Atline 390 a program change to the value of the SFQ parameter is provided. The
value of the SFQ parameter is set to 40. As such, lines 392 are executed by machine tool system

200 with the SFQ parameter value of 40.



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
YWHHO/E8htol system associated with a second SFQ value;PCT/UFRe&HHTG03
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 ypore 15motion devices which result

in the desired geometry for the part and at least one SFQ value which is

eg@ived durning zw@w@mﬁ@c&m%mmm hradusey J&f@@‘@@e@ thadalied

m o gﬁg}gdl?é 2@0 oafJ e mac gllg SS§/I %qt(? %f 1ca Ogot h% rlgelzg)%b% Tﬂg})l 4
mac Ing operatlons Vin e mac ne OO SYyS em bas on

deesrapibae %}Waﬁa%vehm@lﬁh@rﬁﬁ@z@fwamé@wa lﬂﬁ@ AfStioncsemtry by
rﬁ@éﬁt@éﬁoﬁﬂ pederm@iieast afusteparaiiondwing machining 20k theRartalue
f Th§F egpaod %1; % ﬁ%nmll fur 5'61 comprising the steps of: receiving a third
%II—JB d%?ermmmg a third set of values of the plurality of parameters

[ofghe mom@&@gmehmsa%mf@w@w@ MGI&B% ?@gﬁmﬁ%@%éb?@mﬁé

S%%S O]':Lrtnh(teerm c |ne too % rlrglb&seextgo fth'rr S rZl\galue fror1r11t e first
Setof values o ura y of pé)rame FRSHON EoitrosYstem

casswtited WWW@@F@WM%@M@MM wet dfvakieswirtiaer value
f&lur@u@mg @g@@ﬁ@i%@%tﬁ%@ﬂ%@%@&%tﬁma%%iﬁggcmfsﬂ@?

vaI ahnd moving the ine éool b on the thir, set of
par meter V ?1 for ) mg operat et e se ecte thlou se ection input 404
alues of the plura paramete

sclectmn input 406 13 also provided for spc01fy1ng 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
performed, 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,

[0089] A 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



300f 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
BESUEORARd the third SFQ value is specified in the NC pro§faift&&)¢/075003

code inthe 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 beimggerformed subsequent to reading the
third SFQ value from the NC program. 5 4. The method of claim 2,
awbeeindieidesiapgaometivissiessiyedmesianNGegiaveifutiiadNG a block.
mode of operation and.the thirc%tscF%rv lue iﬁ, a§sociqt§d with a first tool

5T '

lld%ﬁtfﬁ(élg] nthe NG ?E)yr(()igjrlgérlnL1 1 e method of &laim 2, wherein the
[oesired genpelfydssesRiMacityoeh e NEOURAVRING $RRSIBRIBINRR. The
[thethird SEQyalde isasseigtas-withiady st Pertian ob e kapiyrality ol

0 era%ilong Ne T‘ © rrnetglgqn%clairgerS,atvivhg{ein the thir% SFQ vatlltljeéls]an

QS e s BSHMg OperARGA AT R 'SBOT g i s the Change
Sskociatedh Withlity fieishindloperatiohi208. Fhehnavathobiofldlaimls;twhengind42
itheothird: SRR Maluadstasseciated Wit & firstioo selected diire & end biock.

Iﬂ{lgtga{g\%{yqlngb?g&sslg[gﬁing with block 4 and ending with block 8 will be altered.

[0093] A selection input 446 is provided on screen 440 whereby a user may select to
change the roughing SFQ 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.

[0094] A 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, Tf "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 specify the desired value for the

SFQ parameter. In one embodiment, only selection mode 458 is presented.

10095} In the example shown in Fig, 14, the roughing SFQ 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.

[0096] A 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



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,
WAL208$019279. The method of claim 9, farther comprising thePStESp7/075003
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 operationsusing the third tool. MCSLLP 26
plurality of parameters of the motion control system for controlling the

amavenmensohthe machiserteolesystan M@ﬁéﬁ%@@i&sﬂﬁ%@ MalWea part
includes the apqmgf est bll?{nnpcgor e ﬁoaram(?ter of the plurality of

program receive 101L.Contr }N
paﬁ’ame ersas ace INIs Ity curve W IC has a first p0|nt

[g@ﬁb?spon@'él%&@ dhedfirst @5@&&&9%@@1@{%?&%@1&%9&&1?100 are shown in US
caorrespon o plura orp et |
Ry AR a0 B dor LSRRI 1 G S U

Rﬁ&l@élé‘nﬂd ay &@EWN@M@HH@@ E@&é@ﬁ&?&ﬁd@ﬁ%ﬁﬁé@%@ﬁﬁé@ﬂ@réw
&mar@mswladafﬂa@amﬁcg@ Q@J&tﬁghﬁ)@%bﬁﬁlﬂ)ws HASSIgRIRG values 04,

eachtof he a%t S?t of val sfor themegall% ﬁa(é eeter Eﬁf urine rouchin
" eercplcYFa}’nglfﬁe respél?:z}{}ceesurfgéé }ﬁ‘fs qu ycurv Mol & ‘ Eng
qn‘emgdscafld:mﬁm‘{a\bvhefémdeaeh iofishing apfaatefiniShequaltpcionegplaing

Lmﬁ&arsdzta@simw@laﬂ andisa, lingan iieyRelationnce 5 1Bwdhe.mnathogigfan SFQ
Flsfo a{?hﬁ{l,%'?m"i‘ J{Et macﬁ‘é';‘l'b 9 PRLFNON 159,05 RETONRE WL & IUSL e
ur he steps of:
run tlmc for complcﬂncT mstance 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 come within known or customary practice in the art to which this invention

pertains.
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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 MCSLLP

associated first tool SFQ value and (b) based on the first tool SFQ value
when the first tool has an associated fitét tool SFQ value. 20 14. The
method of claim 13, wherein a second machining operation is to be

Thed with a second tool; further comprising the steps of: determining
1if the sesrndddel hasdnmssoaiiiad secordiioonikcidn¢al pe:t ahd meadng
the mac tool system during the second machining operation (a) based

ine
Cglﬁlpéglt Ztlh esllg%slto R? value when the.second tool does not have an
assoclatei seconeliot @) Yalen hntgy) (asedasantensde oh el Sral @

nvaldecyhenthe secppddoot basanmassociated second tool SFQ value.
15. The method. of claim 13, wherein th ocjated first tool SFQ value is
oroviBIT & SR SOHR R R T oShage

rary whic 1% H?bugh a user interface of
the mactsimeniop| pstem the @cfihle FHethddeod didinit etwihenbies dofisplurality of

spRachining ope AN s e Resfermead withafirsh Jaak Juiher SRmPIIgiGixis of
the steps of recemr:g a first SFQ value prior o commencement of the first |
thrgrasihiitg BheraBHToMESELIste? valuerbiing i AL RiFETEP S hsRotion
cdhitisig thienfinstariaeh mirngadperatiQn asedi andhedisst SFQuaalefshwiknathe of

p]; '{»E[?E?Qr's %9%% 5%(%&9%&%’}5‘1 %?&%%‘ teshiired tonl PEQ¥Akeand, based on

T >
e first tool SFQ value when the ftirst tool has an associated first tool SFQ

value.TF7iVipE@ Assisd domeanrL g Ratdiiomd artedshorrsresionlgade of

Spiferentiom the defilwt Sl ivalumhertB. iAtnaethndriat aantrelings tirration

ovement of a.machine toql sg}ﬁte to machine a part, th?1 rfnet(l;od
Uring a.progr. Eﬁ%lmlri%SCSSl(?}l a plurality ol macnining operat ons are acrined using one or more
CoNri m%; e steps of:

motion 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 SFQ
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

of 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
system for controlling the movement along the first axis of the machine tool system based on
the third SFQ 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
of 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
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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
Nfpegrma (e rret et iy admfodessaivhrledind pirahtsrost the
nfaiaBetets Ktihe akknnconiroksystemioncantielling ths siewemeninetool

the machine 10o).s based on the. first desired value of the SF
S S Bt e e A R SR A AUNE R B s vae
fierotlon™N{OreoerEl system associated with the first value of the SFQ

parameter and the second set of values of the plurality of parameters of

the motion_cantrol system associated with the second value of the SFQ.
o PRRERE O e TR T 0T LY A I 18 TS e e
Nealues: of tiperpliaradity OF thirg iEneters ofstheiatedtivithedinttobglyskemifi! in the NC

m 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
sconéralingdbecmiavementaf thedsaehipedealyhiasedionl thevsgchagrogramming
s(ej %%gelg t%alcl:'lo%vogrgta}?o%f ars (fet%%frg Q&& rﬁleceft:l[lisrtci tzéﬂﬁléq(;?pgzﬁ]e% during the
pﬁurallty of parameters of the motion 30 contro system associated with the
PlipEtARINRZORIHENSFQ parameter and the second set of values of the

plurality of parameters of the motion control system associated with the

second value. of the. SEQ parameter;, and .moving the machine tool
D R i g RS S MR e S O
pihelmotiorrennomsl system to perform at least a second operation during

the MCSLLP

MCSLLP

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.

8. 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

selected during the programming session.

10. The method of claim 9, further comprising the steps of:
selecting the first tool;
assigning the third SFQ value for subsequent operations using the first tool;
selecting 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.

11. The method of claim 1, wherein the step of determining the default set of values of the
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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 MCSLLP

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 th€’plurality of parameters and the
second set of values of the plurality of parameters are s&gcified by the

PRyafite PRt e PEEoBroaRl S Lop A B8 Paranstarat ghihe
nifdisecandysehobasaluestnd deenptaiityanfclidpadametarspthydugh a user
interface, .21. The method of claim.18 orein th of ermini .
et S B DR B o B e B I B

ceysteidohaserirelReintiserravefimiodhepBsHEChi e foBldsy Stehiabesddisn

c%sﬁﬁ%ﬁ%ﬁ%@ﬂ&?&@&ﬁﬁ@&@ﬁﬁhﬂ@f@s ipCidgsibe sieRs 8ktem and a
establishing for each parameter_of t lurality of parameters a surface..
SR PG SRR RIS RS St DAL ESHLESS G LEe e Tra Vb eine
pahﬂm@ﬁ@pakaniér@f@n@meﬁmQiah@er@fiﬂm@@@rrésmﬁdimgdparameter of
the plygality QfRHAMSIELS Of HIGIMANAR: CPR AL SYSHEM MadiR/ 8GR eters by

. point corresponding to the second value of the SFQ parameter and a
ek B R E oA TR G I FHEYSr of the plurality of

parameters of the motion control system; and 20assigning values to each

19740e thidl se of yalres, for the plurality afrpa%ﬁfmgke ﬁa‘iiYyiEﬁ?leé?sQJ%ti%stQﬁd the

_respective surface finish quality curve. 22. The method of claim 21,
iRigiokirothis SlpRIEERRSIAEORity curves are lines. 2523. The method of
claim 18, wherein the second desired value of the SEQ parameter

ISQ%F}IGGSL g{[%(ojg g? c?alt%oll S\ﬁlee?'t'r? as IHrrg I%gt%ﬂ?ﬂé% Z%i‘e;[i%rel 4 t%tgg del%lgrlnaeﬁnw]ﬂ% a first
whereinthe se(;on desired value o e (Spparameter co responds to a
tdirks thopleaatiomtispee 8O 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 SFQ 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.

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
the default SFQ 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

library 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 be performed with a first
tool; further comprising the steps of:

receiving a first SFQ value prior to commencement of the first machining operation;
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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, MCSLLP

wherein the second desired value of the SFQ parameter MCSLIP 29
corresponds to a feature specific surfage finish. 27. A method for
controlling the movement of a machiné ool system to machine a part, the

method com risin%léhe ste[ps of: .dega%?i‘ninﬁ?%ﬂrst set of.va\yes of the f

pluralftyy BFpAIAMELEFS 18 CIRBIHG T E MBVEHER BIERBAZAIRE tog] e
SE@stelne bésedheriatfirst vatsecvhavsarfasedinishigsiality $FSF@Me and based on the
ARRIAINSR e SE) B AREIRT RAVIRYRIANAEALROSSES 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
13enanddnol sheldeconchtoah hiavingat secORQ value odithecaHmaramételt SFQ
gsociated 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

1 secondepesationvithdhe secendliod] PasahendtheseeonthsRhRE a part, the
1%v lues for.thet Iutralitgfpf parameters; specifying a third value of the
s é 58?3’5%%1?& pefi 716 A third operation with the second tool;

associating 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;

receiving a first desired value of the SFQ 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 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
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determining a third set of values of the plurality of parameters for

controlling the movement of the machine tool system based on the third MCSLLP

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 th& step of determining the first set of
values of the plurality of parameters of the motion control system for

n@@ﬁ%ﬁﬁ’étﬂﬁé’?ﬁovement of the 25machine tool based on the first value of
the SFQ parameter includes the steps of: - establishing for each

18?‘]{'@%? rﬁg’t:‘\h tth? P {gllx%erep atlhagﬁrs"t va %Surface fc'inlt% L GHa leg s range of

as a first pomt corresponding to a thi Value of the S

ppsthinEadiea abitze (i Raatieter the heRwepd ﬁahvfgcae@mem ppend end of the

R ityoefiprramelersRishe metieaesontrol 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
2Mdtemetottof sixstehy; ahelein thasSisirrigVeallves abteaphralitthel firstraeterfand the

sé{@clH@%{Q)rf %ﬁl@! %lﬁﬂ%%ﬁﬁ O dRIEE 9&%@9@%{'@6’ Q%P%@ﬂﬁ?attmg the first
surface finish qug‘g%curve MCSLIP 30 30. he method of claim 27,

SGRG GRS ISPVt 8f BEvaeessFarHrersPRO Mo ShuHEES &f ettty !

paperatisnrodat kastroaéaf 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

24n iheerriberAceipath heteir dist b ferEntirinedht Bird tRecSEeRtATBE
haseg enpaemesthingdelsianee RaIaneler valsanvhichis medifiRblef the

th(l; 117 Lgh a user mltjggf?fcen 8I t?lrstnagsclrreﬁ OOI ?M}Stg%lo grr%eterrl’}ec{n(?es 816 g)teps of:
Claim er InClu he step o ena |Ing ase on Input otr a user

|nterfa@éabhshegﬁ@mm@mn@ystéﬁhemrebemﬁmgmwm ehdigrgfinish quality
deentifiingithe third yalue ot dhadiQonatametanwihh e selsstaR nRHE Qffirst

the user interface. 1533. An apparatus far ma%chmln ap I‘£WIth at least

vahg ?5 &eﬁ@%ﬁﬁ?%ga{:%&ﬁ Ifht&e 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
assigning 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.

23. The method of claim 18, wherein the second desired value of the SFQ 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.

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
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a frame; a moveable support supported by and moveable relative to

the frame, the moveable support supporting the part and having at least MCSLLP

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 too29  a motion control system
operably coupled to the machine tool spindle and the moveable support,
CHETPRIMS OO EBICSYRStaRT BXésGtiifgsthe machining of the part though the

controlled movement of the machine tool spindle and the moveable

upport: a user interface incluq;n at least one display and at least
O RN RIS (S S SAEACE BRI L Tia 0 e MU
negherotaysteing Whetreinothe motion control system receives a desired

geom %Ert)érmﬁ{% b dhe W Jnierfagenand.atile %%(%i%é@k‘ PEASMTRC e
finish quallgﬁ(" FQ") parameter through the user interface, the u

heuser
TN RN AR AT 26 R S At B bR AURE a0 BORTALS T GFE IR Q")
pdesiked, gBosiéinaandttheaideastone Vadsebdf thewsyrface finish quality

paramgterand 3, Aumerical Sontrel (N2 AReAsWherei Al NG RIog: Q'iﬂes of

30including the desired geometry and the at least one value of the SF
PRIt PIPEEPSIREY to the at least one input member, the motion control

systemegieterminingableastionesaidabyatues:tor @t pdu NN Of RREAMRIBESS the

%ﬁgegm%pettg% asl(t) ée%lésc{ fne ‘\V/%!lue of the SFQ parameter from at least two

h'Sets of values of Ii':ﬁelpl’urality of parameters associated with at least
two valeesotitse SRYseaci vleteltcthel Hiclehistlitnef setavkisad descfotrtiieng the

rbvEality: of pRIAEIr B ORINg-reIRied 19 thesdiedldiR 3160 @trekl)%ﬁ@ameter;
able suppo

movement of both the at least two movable axes of the mov port
and thE°HPTERAE e SasrIHETHAERTE t I SERoat CRImarefothE s sivgadort of
VB8R frathmeterlinas aaangenf possible values, wherein the range of SFQ

para”%%ﬂ#@%&%d%l&é@ﬂ%%‘%&?ﬂ&%w AL VRIS, Ik AR BB econd
the plurality of parameters.

parameters o 5 34. The apparatus of claim
8%; wherein a value for each parameter of the plurality of parameters are
deterndinechbynthetmadtienccentied sysiepnthiioughirtermpetaiioBontrolling the

movement of the machine tool system based on the third value of the SFQ parameter; and
performing 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
machine 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
the 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.

29. The method of claim 28, wherein each of the surface finish quality curves are lines.
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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 MCSLLP

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 parameteréooeing 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
3gaiue avthal sechnd YValugetfie irotienvenpisolisysrendeaianoticingsfradiret a
Seholvalues for the plurality of A'%"é“s%!}“e ersibased ?u%st%?tl\‘éséﬁég'“a%%%%@re
e ﬁa ameter and the second set of valles for the plurality o P
cparspnedere basiskiunetseaserond value of the SFQ parameter. 2037. A
computer readable medium having computer-executable instructions for

ontrolling the.mavement of a machine tool system to machine. a part, said
oS eSS EAEG I IS CRR OF QI et A HG & T eton
f(oN@H)iprogramainthating & [shetalitydilm fchinirguopérationsiand ased on a
Ry QhsHriacs RSt QURIY 4R Qb BREARECSR AREHIUEHBS:8 of the

plur,alitg/ of SF'Q codes in 25the NC program,; instructions to
nAGHERR AR dRtermine for each one of the plurality of SFQ codes

specified in the NC program a set of values of a plurality of parameters of

33.'1‘1?5'%”&9&‘8‘%%’1%}4?%% ?‘?Hctf%ll'” ﬁ@%{f%%‘% meRtLol EQl%c??(?CfPF'PQ{? 39 e
System from a first set’of values of the plurality o pargmeterso the

iptien dohtropelistine bustenathelswit dir senarg b Gpaifaticying the third value of
1ROpRIamatenand@ secenrdizatafvalugs atthadpiwality 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
3Bn/a thirdrsies frvadokisiof thearlwidliny lofsperatnelichs afittretmotionroortrol
system g perform at least a first operation of the plurality of operations
during the m’achining of the part, the third set of values being determined

MCSL BYSEUY YRR TP RIS QSR IS RIE BRI e §ameihe moveable
soppaputepseagabiepanedidinnohglaired Ty furihenciennprising the steps of:

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 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 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
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, the at least one set of values for the plurality of parameters being related to the
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instructions to move the machine tool system based on a fourth set of

values of the Splurality of parameters of the motion control system to MCSLLP

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 progf'r]am. 39. The computer readable
medium of claim 38, wherein the NC program identifies a plural 100f tools

OIS AR RIS NCY YR R RESHIPED BRYTUS AX B AIE AR GRS RRR, 25 the &t
1fisstiioakicentikedablyitbeN G prigrantandiibesscof SFQparcoder besrgange of

p&%ﬁgg %%gs%%%iﬁ%ﬁg Qﬁ%ég 8% ﬁ%‘{;‘i&%&&&%&é&%&@&ﬁﬁﬁlm %};‘g@‘of otential

computer rea e medium having computer-executable instructions for
velspiiBivigtee S HEvesETR (SR e RIBIES/&tem to machine a part,

said computer executable instructions comprising: instructions to

omatically determine a first set of values of a plurality. of parameters for
28 RFORRE R0 Tt OF S o e ) Lyt Ay o Bt
axgadeterofized byfsheenfiish oty SR QP pelrartepelatibe 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
Sl R
psecendstoolhiavinfirs secdnel waluel ofstver8 B Jardwmetde dssociatediues for the

oiferewith; instructisns Joautematically determing A sRAAR. 56! f;@yﬁa, the

of the plurality of 25parameters for controlling the movement of the .
seherhiferfoslisy e mpaesdE R iRy dBtsHP YRR S BIcthie SiyophraRrtap during
tiddachining of the part.

36. 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.

37. 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 SFQ codes in
the 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
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 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
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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 paraﬁ‘?eter includes: instructions to
establish, for each parameter of the plurality of parameters, a surface
bafi5e Prncihfar FIGA e A E¥%FeMpoint corresponding to a third value of
the SFQ parameter and a third value of the corresponding parameter of

%oﬁrr%]%% QDA %@?é@ﬁ%% PQMAshnG MG %’rﬂr@x 429l r%é%t}%m and a

t corresponding to a ourth value of parameter and a
fourth%melersrrre%\ﬁé%eﬁarﬁ@ méﬁr&erber% ermé?aﬁryser Dardrrerirde
pﬁzfrzm@ m%ﬁ%@%@tﬁyﬂeﬁ&n%ﬂﬂmol systei Siptetiansat0aasigecyalgeiion of
f the. first set of values for t Iur of 5par
D e B AT Aty T Dbl b
dr@ammtéhme@lmm Sﬂcetahrﬁf@mqrimerémlﬂﬁepﬁ@gweperatron includes a
roughing operation and the second operation includes a finishing

operatio
39 pThe computel readable medium of claim 38, wherein the NC program identifies a plurality

MCSLLP

of tools of the machine tool system, the first SFQ code being associated with a first tool
identified by the NC program and the second SFQ code being associated with a second tool
identified by the NC program.

40. 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:

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;

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 automatically 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,

wherein the 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 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
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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

parameters 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.



