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BACKGROUND OF THE INVENTION:
Field of the Invention: This disclosure relates generally to methods and
apparatuses for more efficiently implementing new product designs and
15 design changes. The disclosure relates specifically to methods and
apparatuses that allow new product designs and design changes to be
submitted remotely to a network-based process that automatically performs all
actions necessary for implementing the new designs or design changes,
including completion of any business forms that may be required, so that the
20 new designs or design changes may proceed directly to manufacturing.
Description of the Related Art: Currently, developing a new product or
changing an existing product is a timely and expensive effort. Much of the
high costs and long lead times may be attributable to work that needs to be
done by CAD (computer-aided design) designers and CAM (computer-aided
25 manufacturing) specialists before the new design or design change can
proceed to manufacturing. However, a large company or corporation may
produce hundreds if not thousands of new product designs and design
changes a year. As a result of the workload, access to the CAD designers
and CAM specialists may be limited, thereby creating a bottleneck in the
30 product delivery cycle.
FIG. 1 illustrates an example of an existing delivery cycle 100, where a new
design or design change is requested by a customer through a salesperson or



25 manuf acturing) specialists before the new design or design change can
proceed to manufacturing. However, a |arge conpany or corporation may
produce Mioaneds7820 not thousands of new product desi gn®Cand2@eds4pn7 changes
a year. As a result of the workload, access to the CAD designers and CAM
specialists may be limted, thereby creating a bottleneck in the 30product
delivery cycle. FIG 1 illustrates an exanple of an existing delivery cycle
100, where a new design or design change is requested by a custoner through
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val i dati ons,custardeest 1 end ot her cal cul ati ons concerning the proposed the
changes, before the changes are allowed to proceed. FIG 2 illustrates an
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bit is first_requested unti t he begi nni ng of the nuf acturing cycle can
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engineers to study and evaluate the proposed changes, including validations,

studies, and other calculations concerning the proposed the changes, before
the changes are allowed to proceed. FIG. 2 illustrates an example of the
timing and resulting delay that may be incurred, for example, to change the
20 design of typical fixed cutter drill bit used in the oilfield industry following the
process shown in FIG. 1. As can be seen in FIG. 2, in a typical scenario, the
time from when a change in the drill bit is first requested until the beginning of
the manufacturing cycle can be in excess of 30 days.
Accordingly, what is needed is an efficient method and apparatus for
25 implementing new product designs and design changes. More specifically,
what is needed is a method and apparatus that can automatically perform
many of the actions required to implement new designs and design changes.
SUMMARY OF THE INVENTION
The present disclosure relates to methods and apparatuses that allow a user,
30 such as a customer, salesperson, or field engineer, to request new product
designs and design changes remotely. The requested design or change is
then submitted to a network-based automated process referred to herein as a



Accordingly, what is needed is an efficient nethod and apparatus for

251 mpl enenti ng new product designs and design changes. Mre specifically,
what i s rweaetr/i4g82a nmet hod and apparatus that can aut omRCIrasken/opsst or m
many of the actions required to inplenent new designs and desi gn changes.
SUMVARY OF THE | NVENTI ON The present di sgl osure relates to nethods and
apparatuses that allow a user, 30 such™asS a custoner, sal esperson, or
field engineer, to request new product designs and design changes renotely.
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per f or mance leaihesi stics for the new design in real time or near real
time while the user is configuring the new product design or design change.
20 Advantages of the methods and apparatuses disclosed herein may include

automatic creation of unique three-dimensional (3-D) CAD models and
drawings for each product design requested by the user. The methods and
apparatuses disclosed herein may also create the CAM tool paths and NC
tapes as required for the new bit design. In some embodiments, the disclosed
25 methods and apparatuses may perform certain engineering checks and may
limit on-the-fly the types of options and selections that may be made. In some
embodiments, the disclosed methods and apparatuses may also calculate
certain performance characteristics for the new design in real time or near real
time while the user is configuring the new product design or design change.
30 The ability of the disclosed methods and apparatuses to create a new and
unique product by automatically leveraging a reference product can save a

significant amount of engineering and administrative time, as only the work



30 The ability of the disclosed nethods and apparatuses to create a new and
uni que product by automatically |everaging a reference product can save a
si gni f i cawO 2ared4me200f engi neering and adm ni strative ti RET/UER3010/054651 he wor k
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Simlarly, the ability of the disclosed nethods and apparatuses to
automatically create unique 3-D nodels ahd drawi ngs for each new design or
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20 the selected option, wherein the set of options to which the selected design
parameter may be changed is derived from the selected design parameter.
In general, in another aspect, the disclosed apparatuses are directed to a
system for allowing users to request new product designs and design
changes from a remote location. The system comprises, among other things,
25 a network accessible by a user from the remote location, a database
connected to the network, the database storing design parameters for the
product and options for each design parameter, and a server connected to the
database. The server includes a processor and a storage medium storing
computer-readable instructions that are executable by the processor for
30 causing the server to, present a set of design parameters for the product that
are available to be changed to the user, receive a selected design parameter
to be changed from the set of design parameters from the user, present a set



- 5 - of options to which the selected design paraneter nmay be changed to
the user, and receive a selected option fromthe set of options fromthe
user. Thewoanmuues20r eadabl e i nstructions are further ex®Cuitsboig/obisst he
processor for causing the server to automatically evaluate the selected
option against one 5 or nore predefined_validation rules and/or best
practices, and autonatically generate nuﬁérically control |l ed manufacturing
information for the product, the nunmerically controlled manufacturing
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and/ or best practices based on an intended application of the product. In
general , i n S§iggted gtrilebit slesiont aptiamevhgredihie eet of drill bit design options to

which the selected design parameter may be changed is derived from the
25 selected drill bit design parameter.
In general, in still other aspects, the disclosed methods and apparatuses may
be used to design a fixed cutter drill bit, and the plurality of design parameters
may include the number of cutters per blade, type of cutters, backrake angle,
cutter exposure, lateral movement mitigation, data bit module option, gage
30 pattern, gage material, and rubbing for the drill bit. In general, in still other
aspects, the disclosed methods and apparatuses may comprises presenting a
plurality of design sub-parameters for the product that are available to be



1 o evaluation may include maki ng one or nore options unavail able for

sel ection based on the selected option and/or the sel ected design

par amet erwolaixg@m2oal , in still other aspects, the aut oRaTiuS2@&ab46ati on may
i ncl ude conducting a performance analysis for the drill bit based on the
selected drill bit design option. 15BRI EF DESCRI PTI ON OF THE DRAW NGS: The
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based on the selected option and/or the selected design parameter. In
general, in still other aspects, the automatic evaluation may include
conducting a performance analysis for the drill bit based on the selected drill
bit design option.

15 BRIEF DESCRIPTION OF THE DRAWINGS:

The foregoing and other advantages of the disclosed embodiments will
become apparent from the following detailed description and upon reference
to the drawings, wherein:

FIG. 1 illustrates an example of a prior art process of implementing new

20 product designs and design changes;

FIG. 2 illustrates potential delays that may be incurred with the process of
implementing new product designs and design changes shown in FIG. 1;

FIG. 3 illustrates an example of a process of implementing new product
designs and design changes according to the disclosed embodiments;

25 FIG. 4 illustrates an exemplary system for a process of implementing new
product designs and design changes according to the disclosed
embodiments;

FIG. 5 illustrates an exemplary server for a process of implementing new
product designs and design changes according to the disclosed

30 embodiments;



DETAI LED DESCRI PTI ON: The figures descri bed above and the witten
description of specific structures and functions bel ow are not presented to
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facility, or, the |ike ysin e con tor S a |caI r ce
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design change may 15 then be released directly to manufacturing at 308,
resul ting i rFONSYINENg dAdamARSOKIEeS@ATE, cFuah effertsvepyldober Nevertbalgss. o t he

customer at 3lfe undertaking for those of skill in this art having benefit of this
25 disclosure. It must be understood that the inventions disclosed and taught
herein are susceptible to numerous and various modifications and alternative
forms. Lastly, the use of a singular term, such as, but not limited to, “a,” is not
intended as limiting of the number of items. Also, the use of relational terms,
such as, but not limited to, “top,” “bottom,” “left,” “right,” “upper,” “lower,”
30 “‘down,” “up,” “side,” and the like are used in the written description for clarity
in specific reference to the Figures and are not intended to limit the scope of
the invention or the appended claims.



FIG 4 illustrates an exanple of a system 400 on which the configurator may
be i nplemented according to the disclosed enbodi nents. As can be seen, a

pl ural i t yWwoforései2e conputi ng devi ces 402a, 402b, and 402t/ise@10648ECt ed

20 via network connections 404a, 404b, and 404c to a conputing network 406.
In the present exanple, the renpote conputing devices may be a smart phone,
digital tablet, desktop conputer, noteb0odk conputer, and simlar renote
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particul ar |rrp e tion. Note that t term "server" is used herein to
i ncl ude convantt desigh changes $em9temlalt 384. rthgth mtmeetmmaydm@;nmraieds‘ltcmm iaons,
WO 2012/ 047§2quPC£I Us2011/ 054657 nai %r anes er conputers, and t he
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the users to quickly and y request a new design of a product or change
an existing Iﬂé?s|4gnﬂuetfateaearpemmnpte ofraleyetem 400emn whe:hghheptmrtf@waieemay

interface tq sel ct an_ existi,n duct n re uests a, ne Si

desi on- changt® BYPIERIeEER AU PReBLRE EibiiobsT Pl G er D PART RS e or
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product that can be changed at manufacturing, provided the changes satisfy

pr edef Rhed \»aam@awrdmcorme@@oa&dﬁéa B04b, plﬁ@hdﬂ%et@ a4 eompuiéing rmsdwetk 406. a
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of cutters per
digital tablet, desktop computer, notebook computer, and similar remote

computing and communication device, and the network connection may be
wired and/or wireless connections. In a similar manner, the computing
25 network 406 may be a private network such as a corporate intranet, or it may
be a public network such as the Internet. One or more network servers 408
may be connected to the computing network 406 along with at least one
database 410, which may be either an internal database, or a database that
resides in a physically separate location from the network servers 408 (as
30 shown here), depending on the constraints (e.g., size, speed, etc.) of the
particular implementation. Note that the term “server” is used herein to

include conventional servers as well as high-end computers, workstations,



25 cutter backrake angle, cutter exposure, |lateral novenment mitigation
(LMM, gage length, gage pad pattern and gage material, and the |ike.

Val i dat i omMoab12204g820en paraneter nmay invol ve the confi gurarars2@aossal i cal ly
limting which options are available for that parameter or otherw se
constrai ning the parameter. The configurator may also limt which
parameters 30 are subsequently available (i.e., sub-paraneters) based on a
previ ously sel ected paranmeter, as well as which options are selectable for
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comput ational fluid dynamcs analysis, finite engineering analysis,
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gener afbs 3D S0 A GREC Ry e BSRPHEE A1bAS Qs st b AcbiRMsE” Y
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'CQLS[ 21 23. t I*lﬁ tﬂlﬁgéleggﬁrt wﬁtﬁfz?éeg%‘f'%ﬁé LOnAESIAr QlloWsThELShangsling ren
easily request a new design of a product or change an existing design of the
product. The user uses the graphical user interface to select an existing
product, then requests a new design or design change by selecting different

20 options for one or more parameters of the existing product. These
parameters may involve any parameter of the product that can be changed at
manufacturing, provided the changes satisfy predefined validation rules
and/or best practices for the product. In a fixed cutter drill bit, for example, the
parameters may include the number of cutters per blade, type of cutters,

25 cutter backrake angle, cutter exposure, lateral movement mitigation (LMM),
gage length, gage pad pattern and gage material, and the like.

Validation of a given parameter may involve the configurator automatically
limiting which options are available for that parameter or otherwise
constraining the parameter. The configurator may also limit which parameters

30 are subsequently available (i.e., sub-parameters) based on a previously
selected parameter, as well as which options are selectable for these

subsequent parameters. In some embodiments, validation may also be



25 problemw th the design or design change is uncovered during the CAD,
CAM or subsequent process, the configurator may provide notification to

t he user wadbAUrsg t hat the requested design or desi gnPchaisge1m088ds to be
reviewed further by appropriate engineering personnel. FIG 5 illustrates
an exenplary server that nmay be used as gne of the one or 30 nobre servers
408 on the conputing network 406. As menti oned earl i er, this server 408 nmay

be any suitabl e conputing system known to those having ordinary skill in
the art, indeaiaragdabaseshoanesistansied apnlicatian idrihe ripduetantn thepdrill bit
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as used above refers to any instructions that may be perfornmed by the CPU
502 and/ or dtfeelinge@pdritadike. Similarly, the term "conputer-readabl e medi unt

refers to a ' : : t

omput er - r ondat 3¢ BerRElS e et BBYHRE LRI 1V, RN seiscted and

i ncl udi ng, haidated, | thel tedfiguratonoautoniaticallye gepdiratesv3iitCAD mexiels aald
transm ssion, nedi a._ Non-vol atil e nedia may. include, for exapple, optical or
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magnetic medium a CD ROM DVD, other optical 30nedium a RAM an
EPROM 2& FLASHfigPrRON toeteeiteregrigfatssi @ &rAMafiler ifigge, ther Gy model ansdi um

from whi ch adrg\%%tét %rndc%?eﬁgr%g' layout drawings and tool paths accordingly for

forwarding to manufacturing. A notification is thereafter provided through the

user interface and/or in an e-mail message informing the user that the

requested design or design change have been completed. In the event that a

25 problem with the design or design change is uncovered during the CAD,

CAM, or subsequent process, the configurator may provide notification to the

user indicating that the requested design or design change needs to be
reviewed further by appropriate engineering personnel.

FIG. 5 illustrates an exemplary server that may be used as one of the one or

30 more servers 408 on the computing network 406. As mentioned earlier, this

server 408 may be any suitable computing system known to those having

ordinary skill in the art, including a high-end server, workstation, mainframe,



WO 2012/ 047820PCT/ US2011/ 054657 - 12 - The CPU 502 may al so be coupled via
the bus 500 to a display 510, such as a liquid crystal display (LCD),

cat hode rw9 201187§2€RT), and the |i ke for displaying inf ®@CRaS2@N/ 054852 user .

One or nore input devices 512, including al phanunmeric and ot her keyboards,

nouse, trackball, cursor direction keys,., . 5 and so forth, may be coupled to
the bus 500 for comrunicating i nformatiof and command sel ections to the CPU

502. A network interface 514 provides two-way data conmuni cation_bet ween
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devi ce 508. The conputer-readable instructions for the configurator 516 may

20 then be etedng ampyrareacHles 0p ofirl/ivicroed@te ddafroakion dunng execwidnver
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ordinary skill in the art. Following is a description of an exemplary 25

i npl enent at iGOYPIA {hEe BHS iYW Br itomng skaticoninrmation amk instrictigRedor the
enbodi nent s. f [ cmﬁﬁﬁ t kl rat.es:
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changed® In IQS{ACtionS e reference product data file is retrieved
e Torm o " Seheia GRS SAAIA ABpkRs e Bag s dhad 151 o
instructions that may be performed by the CPU 502 and/or other components.
Similarly, the term “computer-readable medium” refers to any storage medium
that may be used to store the computer-readable instructions. Such a
20 medium may take many forms, including, but not limited to, non-volatile
media, volatile media, and transmission media. Non-volatile media may
include, for example, optical or magnetic disks, such as the storage device
508. Volatile media may include dynamic memory, such as main memory
504. Transmission media may include coaxial cables, copper wire and fiber
25 optics, including wires of the bus 500. Transmission itself may take the form
of acoustic or light waves, such as those generated during radio frequency
(RF) and infrared (IR) data communications. Common forms of computer-
readable media may include, for example, a floppy disk, a flexible disk, hard
disk, magnetic tape, other magnetic medium, a CD ROM, DVD, other optical
30 medium, a RAM, a PROM, an EPROM, a FLASH EPROM, other memory chip

or cartridge, or any other medium from which a computer can read.



- 13 - tools and according to a uniformset of design protocols. Such
uniformty hel ps insure consistency between the various paraneters and

opti ons twenrefxues20l n a preferred enbodi nent, the refer@TASPIIOAMSE7 dat a
fileis an XML file, although other file formats may certainly be used. 5At
bl ock 604, various paraneters that are ailable for nodification are
presented to the user, and selection of ‘drie or nore parameters by the user
i s received at block 606. At bl ock 608, depending on the particul ar

par amet er sl EBY 502mMayiaisete sa4pled ya H’reeb\é%égpdﬁlaediﬁﬁ ik spghaset er

are present e C f ei ved
at bl ock 610. blﬁbot %Q#%lapfsgﬁéwggpzn%%gﬁﬂ% néa%eét@ﬂé ecq Ctﬁéop‘{?a gﬁg at
bl ock 612 adadigpldying ihformationrtonmeepr €died ionaronralinplidtidevitesud % inoldbing best
practi ces, althor&ga it shoul d &% noted that sone Bgtions do. not need to be

val i dated. AIPRAMERERHA ANd0HEF sEXPARIISo MOUSErdtRCkRS! + BUNRRECHEFLIh&LYS,
l'id f | [
val i daty on 'zﬁ] Ogﬁqgﬁﬁ Ha B%] cBU@IgB”ﬁ%"‘ﬁb bss 828 fBP%Bnﬁﬁlﬁméﬁhﬁgﬁ(ﬂm%Fdnon IS

rej ected at 16 an owchart O returns 608 to
awai t al t er reatd gemseEnecséleotsonsyta the GBEF 502 A hetvmrk\neteriase)@lsdf pltdvéﬂes

depending on the paraneters and.options sel ected erin Si s
oy be por { aMhatel elF eerudgria? befrged TheSerr.fe ad ABSL <

present ed tQ)\fefﬁQhé'%@an%Ft|n@|r%%oﬁ<1$06AIHQin%r@Miﬁbl'eofhé ﬁeﬁﬁtﬁ‘k%ﬁeﬁ%&e@qe at
bl ock 620 to determ ne whether the user wishes to 20 continue making

changes at tag b@oamuntegrfatemeafrmeedlgitel petyvork PN heard owe taedemossadet ur ns

o, tndh thaor Pifiiua ¥t P koBEYSE (e RS ALl Eodand fFpd S ¢

cont ai ni ng ttbRpsBhEGhEO WS ARstRePExdMplel td netwdsiR itdriaée d1aenapberpdchi ed
XIVL f|Ie At block 624, the nodified XM, file, which is essentially a
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| ayout, sel ection mechanisnms and over al | ook-and-feel" of the graphi cal

user i A2 erf dbenibe execeiashpy dre CH 902mltheb@wpoa@@ﬁsgﬁ§he sen@r ddhenes,
| evoute, Sl Boh IR B0, PR BeBu) i PeSth SR Lo bRe e BB 10,
al t hough t heSsgh eegtsiiigtieatdepil 6 tmay benbqsémentedolising earsostitadies applicat®Inat i ng
to fixed cutter drill bits, the invention is not limted thereto and the
principl es Qﬂye{%ﬁntr@ylmnment and programming language known to those having
ordinary skill in the art. Following is a description of an exemplary
25 implementation of the configurator 516 according to the disclosed
embodiments.
Referring next to FIG. 6, a flow chart 600 illustrates an example of a general
methodology that may be used for the configurator 560. The flowchart 600
begins at block 602, where a reference product data file is retrieved from
30 which a user may base his/her new design or design changes. In some
embodiments, the reference product data file is retrieved from a library of

reference data files that have been generated using a uniform set of design



I 0 disclosed herein are equally applicable to other types of products and
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enbodi ment s,gehatd8d avarioiist Ggﬁtléﬁefﬁaft 'a@@tdvﬁﬂ'éble%F et @rb#ﬂé‘té\ft ér@nﬁreséhf&r ake
angles, and the like. 30In the present exanple, the selected paraneter is

t he types oftodbeteses, and sakeston etong arh@oreeptiens is regeived R oheek 6&0.

cever o> Sub. VAIFATER I U afarh B oS S8 kiRt bR AiaTF R st AL )

speci fi cal | yoreeboatradrd @rédf@.rfewpeéndﬁt.oaumwg Sandvcmc buéﬂ p@tadtuh,@sr @ﬂh@uf‘gh af the
drill bit where the cutters are |located (e houl d gage,
backup, et c.9houksbginofedthad semq gr@fé'-rnSrféQ @phne%t%be |V|@!jd@1teéh fAtebléeh 614,

par amet er C%’?%?%H{Iﬁat\rﬁﬁ]ekﬁgo%r B%‘g@ \}v@et‘g]'e?gh??’\@dgtéﬁ NS %Ef%%fulof If the,

sub- par anet er area the cutters for
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nunbers, an engineering analysis may be performed, and the results, effect, or impact
of the selection presented to the user at block 618. A determination is
thereafter made at block 620 to determine whether the user wishes to
20 continue making changes at this point. If the answer is yes, then the flowchart
600 returns to block 604 to await additional selections from the user. If the
answer is no, then the flowchart 600 proceeds to block 622 where the XML
file containing the selections made by the user is saved as a new or modified
XML file. At block 624, the modified XML file, which is essentially a “delta” file
25 (i.e., a file composed mostly of changes or differences from an original file), is
then compared to the CAD model or file for the reference product. A new
CAD model or file reflecting the user’s selection is generated at block 626
using the “delta” file, and layout drawings and tool paths are prepared from
the new CAD file at block 628. A new CAM file is thereafter generated from
30 the new CAD model or file at block 630. The new product design or design
change may then be released to manufacturing and notification of the new
part number and other information is provided to the user at block 632.



io the field engineer or other user may apply the sane set of options to
all the cutters. This allows the field engineer or other user to easily and
conveni erwbypopweps20ut an entire set of cutters on the reCensawa/os4sst | bit
for a different set of cutters. The field engineer or other user may al so
filter the cutters in the "AIl" |ist according to their status (e.g.,

manuf acturing), famly, chanfer, CSE 1514(secondary bevel ), WIT (wear table

thi ckness), and/or gart nunber ( PN). The sel ected set of options nmay then
be applied dHGP-to18HbsHratata elusalitial saieems drpictingtasr exemplaiy Arapkicak
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technical record hyperlink 710 brings up a screen 720 detal

t echni cal sphtli bitscdne ameention is ot digtitade terand thg prineipleis| arms?eaahmga n

ar anefbrs. 1ORPRa petelf gl 8ufa B il ekl BoGRY bRt b s ATl hee ™ vo
2012/ 0478209@&&@&@@11/ 054657 - 16 - FIG 9 illustrates a screen 740 in

which the field engineer has_selected_a different paraneter to nodify
namel y, the Referingdrshi@FéG. (hacrreen (OQ inplpwn repiasaniiyg theemain tSF@nf ace

of the cuttef tﬂ@d%rtaBﬁucgfjp?&eﬂﬁ?ﬁéEe{ ?&rea%(88kﬁg{é(Prcﬁh%lferF‘cr‘Sbﬁg%Fepga fi !dzl d
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drill bit. Ahgrétmiyl@4nitizeyaumpedebibiadest hegdebaf kutérs, angibes of oozzlhe,

various cut tper(raauction status, and other similar information. At area 706, various
parameter configuration options for the drill bit are shown, including

20 parameters such as the types of cutters, backrake, data bit/data bit module
(DB/DBM), gage pattern, and rubbing for the drill bit. For reference, the data
bit/data bit module is an option that allows an electronic recording package to
be installed in the shank of the drill bit for recording real-time, high-speed
dynamics motion during drilling. The data is subsequently downloaded from

25 the drill bit and used to better understand how the drill bit performed. Other
parameter configuration options known to those having ordinary skill in the art
may also be used with departing from the scope of the disclosed
embodiments, such as cutter specifications, cutter orientations, siderake
angles, and the like.

30 In the present example, the selected parameter is the types of cutters, as
indicated by the “Cutters” tab being active. Selecting this parameter (or tab)

causes the user interface to display several sub-parameters that are



FIG 10 shows the screen 740 fromFIG 9 in which the field engi neer has
changed t he backrake angles for the cutters in the various regions to be
di f f er entwProrvashgzor ef erence drill bit. This change is PeTIuSea1emsi687 gr aph
744 by 15the configurator in real time (or near real tine) so that the
field engi neer may graphically viem1thel§hanges. I n accordance with the
di scl osed enbodi nents, the configurator also perforns validation for this

change using one or nore validation rules or best practices in real tine
(or near redPecifigally retaedoler heclypas of gHitaes inuding dneregiess Cﬁrﬂ&%tdlr'ﬂeb't

enpl oyed in n
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of the bing can affect too ace contro vvhen l'ing a
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sub-pararreters f om whi ¢ fi.el d engine I ndi cat.ed area
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the rubbing for the cutters in these regions g 754 visually depicts
n

an anal ysi s specifisecoptiopsifagthat cotier. débenmabvelyuby §@hep greAll sutien aumaers,
20121 048200GT | BPRANI 50 e for 97 Y] Lo 4630, MMF Al 72
t he rubbi ng mittekheThif @lowacledldid Enginker or other user to easily and conveniently
swap out an entire set of cutters on the reference drill bit for a different set of
cutters. The field engineer or other user may also filter the cutters in the “All”
list according to their status (e.g., manufacturing), family, chamfer, CSE
15 (secondary bevel), WTT (wear table thickness), and/or part number (PN).
The selected set of options may then be applied only to those cutters that
match the filter. A plurality of icons 712 allows the field engineer to review, for
example, the layout drawings, style sheets, 3-D representations, photos,
technical data, and the like for the drill bit. A submit button 714 allows the
20 field engineer to submit the changes he/she has selected to the configurator.
Although not expressly shown, other parameters associated with a fixed cutter
drill bit that may be configured using the configurator. These other
parameters may include gage pattern, gage length, updrill cutters, backup
cutters, LMM length and diameter, whether to swap casing subs, float valves,
25 trac block, gage pad diameter, pattern and material, variable backrake,
whether the drill bit will accommodate an electronic module, whether to
include an electronic module, and the like.
Clicking on the technical record hyperlink 710 brings up a screen 720 detailing
the technical specifications for the reference drill bit, as illustrated in FIG. 8.
30 From here, the field engineer may review in detail the various parameters for

the reference bit and decide which parameters to change.



FIG 12 depicts the screen 750 fromFIG 11 in which the field engi neer has
changed the rubbing for the cutters in the various regions to be different
from 5 twetoerfosrdre reference drill bit. The anal ysis f®CTiUsRel10M8TE i S
again reflected in graph 754 to show the inpact on depth-of-cut for both
the original rubbing as well as the new rubbing in real time (or near real
tinme) so that the field engi neer may gréﬁhlcally conpare the change. Once
the field engi neer has conpl eted sel ecting his/her new design or design 10

changes, he/life riliusiiates @ sereant 610 inyvhipRribarficls enginearchangelasteha
subrmt butt aidrbh CSREEF1o Ploq/ O hAMeRD (B BER KB ART BIHAE B HfigionduC!

an aut on'ate process 1 n erern a of "the n cessary

tasks to i npbenettby hiee rmmlmgaéaw airtheéesiiger ehdnmesadjaeepmsbcfeaecbﬂ thet he
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depi cteg | ”rﬁ:dbrﬁﬂejcé’fs ﬂ{atbbhga'ﬁfgd ’B?himé@’rs chBok&e ﬂdl@ét%gegg'é}%ﬁf 74?’ude

both. As can be seen in Fl not catlon 'screen may i nc
i nf or mat i on iféAdingutbke eckrike pagle fnurhﬂmcutiérst inetheesoney, nosej sheulddr,idnd bi t

d th d 119) the d 20Th ti h
Goacl bed i ratRr ey Pre-oBREr i ool TR aiealin e et or y

embodi ment  qp dhesé fﬂN@Bbbl@r%té‘érﬁY%I'ég%r gheseltidvs th th@%\é' r@@%n@ocﬂéﬁecﬁﬁé @& and
alterations to the describ odi nents are available to those of ordinary

ski Il in theReft inditatesiitRall ibeeelreentlyuselpeledoeackrake ngtasnare Hasenof the

nvent ron careapyehinl B "4 Bled s SBRBLY SRR HidRel booe Rl andRaitsing 1

t he patent hawsusAppktszants intend to protect fully all such nodifications
and |rrproverrents WO 2012/ 047820PCT/ US2011/ 054657 - 18 - CLAIMS What is
claimed is: FIG. 1R FEOWBdhBrSaapn dribniremgFKawd g oMuien the dieihengmeeddyasgn

changes in Riealeli il bSOKBKE Sififles for the cutters in the various regions to be
different from the reference drill bit. This change is reflected in graph 744 by

15 the configurator in real time (or near real time) so that the field engineer may
graphically view the changes. In accordance with the disclosed
embodiments, the configurator also performs validation for this change using
one or more validation rules or best practices in real time (or near real time).
The particular validation rule or best practice employed in this example is

20 whether the new backrake angles have sufficient clearance. An appropriate
indicator 746 (e.g., a checkmark) may be used to indicate whether the new
backrake angles has satisfied this validation rule or best practice.

FIG. 11 illustrates a screen 750 in which the field engineer has selected yet
another parameter to modify, this time the rubbing, which indicates how far

25 the cutters extend from the body of the bit. Rubbing can affect tool face
control when drilling a directional well. Selecting this parameter brings up a
different set of sub-parameters from which the field engineer may choose,
indicated at area 752, including the amount of exposure for the cutters in the
cone and nose regions. Drop-down lists in this area allows the field engineer

30 to choose the rubbing for the cutters in these regions. A graph 754 visually

depicts an analysis of the rubbing versus depth-of-cut performed by the



presenting a plurality of design paraneters for a product that are
avai l abl e to be changed; recei ving a sel ected design paraneter to be
changed fworntg7§2bural ity of design paraneters; i opres@aTiusgoia/os4ss7 of
options to which the sel ected design paraneter nay be changed; receiving a
selected option fromthe set of options; automatical l y eval uating the
sel ected option agai nst one or nore pre&gflned val i dati on rul es and/ or best
practices; and 15automatically generatingnuneri cal

cont r ol | edreaonfigetaier ngerhtBerat near fas timed f r@@d@b%ir@hﬁ?ﬁ@ﬁ@r if&ip| the
cont rol | ed_ auf 9&}uriole i AIRLL 96 hETLEGHEY e FersRlzelad gpt | on.

wherein the options to deS|gn paraneter nmay be

changgd is d%lGi vl@ddémlot\slhﬂhle&cseelﬁmr%msﬁlgh ﬂaw?whtcﬂawrtheZﬁleld %;gTr’rtaléerﬂeid”lodd
according to claiml1, erein the produyct is a fixed cutter dri it an
the plurali t%ha@eeeléawab@agé%m %Uttq‘fél'ﬁhéfée MaHpies regiongiq @?9“‘{%\9”5%
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Once the field engineer has completed selecting his/her new design or design
10 changes, he/she may submit them for implementation by clicking on the
submit button 714 (see FIG. 7). Doing so causes the configurator to conduct
an automated process in the background wherein all or many of the
necessary tasks to implement the new design or design changes are
performed in the manner described above. Upon completion of this
15 automated process, a notification is provided either by the user interface via a
screen 760, depicted in FIG. 13, or by an e-mail message to the field
engineer, or both. As can be seen in FIG. 13, the notification screen 760 may
include information 762, such as the part number of the new or modified drill

bit and or the order number for the drill bit.
20 The inventions have been described in the context of preferred and other
embodiments and not every embodiment of the invention has been described.
Obvious modifications and alterations to the described embodiments are
available to those of ordinary skill in the art. The disclosed and undisclosed
embodiments are not intended to limit or restrict the scope or applicability of
25 the invention conceived of by the Applicants, but rather, in conformity with the
patent laws, Applicants intend to protect fully all such modifications and

improvements.



WO 2012/ 047820PCT/ US2011/ 054657 - 19 - 4.The nethod according to claiml1,
further conprising autonatically generating a three-di nensional graphical
repr esentwi2ore/@fszohe product, the three-di mensional gr&pmiusar11/054657
representation reflecting the selected option. 55. The nethod according to
claim1l1, wherein the selected option is @utomat i cally eval uated agai nst the
one or nore predefined validation rules and/ or best practices based on an
i nt ended application of the product. 6. The nethod according to claim
1, wherein the automatic eval uation 1&iAMSides nmaking one or nore options
unavai l abl e for i ed on the selected option and/or the sel ected
desi gn par anet er%hgﬂsﬁéﬁﬁl%sﬁbt hod according to claim1l, wherein the
automati c eval uation includes conducting a perfornmance analysis for the
product based on the 15§el ected option. WO 2012/ 047820PCT/ US2011/ 054657 -
20 - 1. A method of implementing new product designs and design changes in
5 real time, comprising:
presenting a plurality of design parameters for a product that are
available to be changed,;
receiving a selected design parameter to be changed from the plurality
of design parameters;
10 presenting a set of options to which the selected design parameter may
be changed,
receiving a selected option from the set of options;
automatically evaluating the selected option against one or more
predefined validation rules and/or best practices; and
15 automatically generating numerically controlled manufacturing
information for the product, the numerically controlled manufacturing
information reflecting the selected option;
wherein the set of options to which the selected design parameter may
be changed is derived from the selected design parameter.
20
2. The method according to claim 1, wherein the product is a fixed cutter
drill bit and the plurality of design parameters include number of cutters per
blade, type of cutters, backrake angle, cutter exposure, lateral movement
mitigation, data bit module option, gage pattern, gage material, and rubbing

25 for the drill bit.

3. The method according to claim 1, further comprising presenting a
plurality of design sub-parameters for the product that are available to be
changed based on the selected design parameter, wherein each selected
30 design parameter has a separate set of design sub-parameters associated

therewith.



8. A systemfor allow ng users to request new product designs and design
changes froma renote | ocation, conprising: a network accessi ble by a user
from t he worzot2#4r826at i on; a dat abase connected to the neCrarsk)11ohestat abase
storing design Sparanmeters for the product and options for each design
paranmeter; and a server connected to the database, the server including a
processor and a storage nedium the stor]z?ge medi um st ori ng

conmput er -readabl e_instructions that are executable by the processor for
causi ng t he %er vetha dnethpdsaerordingeto dHaifedi, gurtpar aetrising autematiealbduct

doei gn par st BT R EREAERANAGHAL Brehfea YEpresentation BFHlQ Profuif. B U

user; threzséinterssicred] godiphigdlirepsesientativinakeflétiingstblecstiected @ptign. par anet er
may be changed to the user; 15receive a selected option fromthe set of
options fromthe user; automatically evaluate the sel ected option

agai nst, one Hr mofe, RREMAB 48 uald st T4 aReRarl Blo BBRIIEY abRCR and

aut omat | cal | ygener at enuneri ca ntr ednenuf act uri ng or mati on
for the pr ooBJHOmatlb@IIwamiuamail agaloehtheobheobrnmnce acedefineg 2dlidation matdson

reflecting t h%/grebes?tp(?gctf)c%s based on an intended application of the product.

6. The method according to claim 1, wherein the automatic evaluation
10 includes making one or more options unavailable for selection based on the

selected option and/or the selected design parameter.

7. The method according to claim 1, wherein the automatic evaluation
includes conducting a performance analysis for the product based on the
15 selected option.



wherein the set of options to which the sel ected design paraneter may be
changed is derived fromthe selected design paraneter. 9. The system
accor di ngvoaolirszn8, wherein the product is a fixed curC&Us2@3/084657 | bi t
and the plurality of design paraneters include nunber of cutters per bl ade,
type of cutters, backrake angle, cutter %xposure, | at eral novenent
mtigation, data bit nodul e option, gag‘e2 pattern, gage material, and
rubbing for the drill bit. 30 WD 2012/ 047820PCT/ US2011/ 054657 -21 -
present a pl&r al iA gygemitesiaawingousrie deseeuest new presupt @erigns Rddegion

avai |l abl e t%%ﬁg‘égwg rgﬁﬁ?gld%%géh,ec&ﬁéﬁgiﬁgd desi gn paraneter, wherein

each sel ected dé€srgn paraneter a separate set of design sub-paraneters
associ at ed t her evd hétwdrk atéessilhie sys Usen faomahdiramot®lotiatiom 8, wherein the

conput er-readabl e i pnstructions are executable by th rocessor for further
causi ng the servet qaéa%qﬁeoﬁﬁ'ﬂri‘%q?gytog&?epﬁf"éo% tth?éga-tgpﬁ%sﬁtqﬁ}ﬂ dgeighhi cal

repr eseqt at iyafleid A%oPHRBhuct i bR i BRERURSRY sHARGnd

representation reflecting the se | oopti on. e system accordi ng
to claim8, wher e senee coahecteddtoolhiei databaseauthenserivealincjudinglauptoeessgrai nst

t he one or nor redefi ned validation rules and/or, best practices based on
an i nt ended Hpid CUPTEGE GFeANE: piedSLara0e s MBI TRIONTTs CRMPUSIFEE0AG S o
claim8, whapsiitions thst HEBeeuivhe B?&H&@Brdd@%béﬂ%’ﬁ cﬁﬁgihﬁgh@@@r\@r toor e

options unavail able for selection baSed on the sel ected option and/or the
sel ected design Ricaerit@set odesigmearmelens furdbe diraguctdhal aiena\@ilatteestoei n

the aut pmat ibCe ce,ﬁ/aar{glé%ltjoqne user;
receive a selected design parameter to be changed from the set of
design parameters from the user;
present a set of options to which the selected design parameter may
be changed to the user;
15 receive a selected option from the set of options from the user;
automatically evaluate the selected option against one or more
predefined validation rules and/or best practices; and
automatically generate  numerically controlled  manufacturing
information for the product, the numerically controlled manufacturing
20 information reflecting the selected option;
wherein the set of options to which the selected design parameter may
be changed is derived from the selected design parameter.

9. The system according to claim 8, wherein the product is a fixed cutter

25 drill bit and the plurality of design parameters include number of cutters per
blade, type of cutters, backrake angle, cutter exposure, lateral movement
mitigation, data bit module option, gage pattern, gage material, and rubbing
for the drill bit.

30
10. The system according to claim 8, wherein the computer-readable
instructions are executable by the processor for further causing the server to



i ncl udes conducting a performance anal ysis for the product based on the
sel ected option. WO 2012/ 047820PCT/ US2011/ 054657 - 22 - 15. A nethod for

al | owi ng wWouseyo4rg2z0generate new drill bit designs and dPCIiUSRét/084s8T gn
changes on-the-fly, conprising: presenting a plurality of drill bit
design paraneters that are avail able to e changed to the user; 5receiving
a selected drill bit design paraneter t b'e changed fromthe plurality of
drill bit design paraneters fromthe use presenting a set of drill

bit design GHESGMNS DBIrAH O deRignseI-BaGMSlers fortine p@@@u@ﬁh@taargn@taéabway be
changed to tp bYSEhanged. based, on tHeE SBlQE&Y feszqﬁ{ e;férgf%e IJthﬂe’in IHgn
he ogr aI F bi ? pti

option from set design 100 thé use

eval uating tdetected e@é@gh cbarlainelnert hdesa gsepapaicosen @i d@ugmmb@par@meﬂers
predefined drill éa desi n val idation rules and/or best practices; and
aut omat i cal 13PSg€1R& AN e,q%w Reerical |y controll ed manufacturing information
for the;drill bit, the nunmerically controlled manufacturing 15i nformation

reflecting the selected drill bit desi gn option;
11. The system according to claim 8, wherein the computer-readable

instructions are executable by the processor for further causing the server to
automatically generate a three-dimensional graphical representation of the
product, the three-dimensional graphical representation reflecting the selected

10 option.

12. The system according to claim 8, wherein the selected option is
automatically evaluated against the one or more predefined validation rules
and/or best practices based on an intended application of the product.

15
13. The system according to claim 8, wherein the automatic evaluation
includes making one or more options unavailable for selection based on the

selected option and/or the selected design parameter.

20 14. The system according to claim 8, wherein the automatic evaluation
includes conducting a performance analysis for the product based on the

selected option.



wherein the set of drill bit design options to which the sel ected design
paraneter may be changed is derived fromthe selected drill bit design

par anmet erw0202347T42¢ net hod according to claim 15, wherePATiUsR01dOS46E7 bit is
a fixed cutter drill bit and the plurality of design paraneters include
nunber of cutters per blade, type of cutfers, backrake angle, cutter
exposure, |ateral novenent mtigation, ddata bit nodul e option, gage
pattern, gage material, and rubbing for the drill bit. 25 17. The net hod
accor di ng t o'l aifnmehod der allgwing mpyseN wgagnasaiennewdirdl bit desions pngrdrilesi gn
sub- par anet g{; [ L)L bl ot 2 _avai |l able to be changed based on
t he sel ect egﬁt(s:lcr]%ﬁ%n Eﬁgn@éeéslljgrgpép)tg?/a%%ﬁé,lﬁ%herei n each selected drill bit
desi gn par anet er grasertirgea plurbbtyssftdridf bitldesign pdrachesargthstudre Seplabentet er s
associ ated therewith., WD 2012/ 047820PCT/ US2011/ 054657 - 23 - 18. The

met hod accorkfi ARANISLICANMUEST further conprising automatically generating a

t hr ee- di nensi onal - i 2 ad A Itk '
t hr ee- d? mensi onalregéggﬁi %%:elércg%)c; g@gﬁ@@%ﬁ@ ﬁ%ﬁ@gﬁlﬁg t%ehghésneqéedgfrgg wrei |
bit desi gn qpuiabtty. ofdrili%it desgmpehardetecs nodi thee wsercl ai m 15, wherein the
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appl i cati on qsidrhgaiméter Ridy-be changed to the user;
receiving a selected drill bit design option from the set of drill bit design
10 options from the user;
evaluating the selected drill bit design option against one or more
predefined drill bit design validation rules and/or best practices; and
automatically generating numerically controlled manufacturing
information for the drill bit, the numerically controlled manufacturing
15 information reflecting the selected drill bit design option;
wherein the set of drill bit design options to which the selected design
parameter may be changed is derived from the selected drill bit design

parameter.

20 16. The method according to claim 15, wherein the drill bit is a fixed cutter
drill bit and the plurality of design parameters include number of cutters per
blade, type of cutters, backrake angle, cutter exposure, lateral movement
mitigation, data bit module option, gage pattern, gage material, and rubbing
for the drill bit.

25
17. The method according to claim 15, further comprising presenting a
plurality of design sub-parameters for the drill bit that are available to be
changed based on the selected drill bit design parameter, wherein each
selected drill bit design parameter has a separate set of drill bit design sub-

30 parameters associated therewith.



1020. The net hod according to claim 15, wherein the automatic eval uation

I ncl udes nmaking one or nore drill bit design options unavail able for

sel ect i orwbased4m820t he sel ected drill bit design opti onramd/ser11iobsssel ect ed
drill bit design paraneter. 1521. The nmethod according to claim15, wherein

the automatic eval uation includes conductjng a performance analysis for the
drill bit based on the selected drill tﬂ%gﬂesign opti on.

18. The method according to claim 15, further comprising automatically
generating a three-dimensional graphical representation of the drill bit, the
three-dimensional graphical representation reflecting the selected drill bit

design option.

19. The method according to claim 15, wherein the selected option is
automatically evaluated against the one or more predefined validation rules
and/or best practices based on an intended application of the drill bit.

10 20. The method according to claim 15, wherein the automatic evaluation
includes making one or more drill bit design options unavailable for selection
based on the selected drill bit design option and/or the selected drill bit design

parameter.

15 21.  The method according to claim 15, wherein the automatic evaluation
includes conducting a performance analysis for the drill bit based on the

selected drill bit design option.



