10

15

20

25

30

WD 2008/ 063991 PCT/ US2007/ 084506 APPLI CATI ON TI TLE:
APPARATUS, SYSTEMS AND METHODS FOR WORK Pl ECE
wo 308BEAL DRY MACHI NI NG AND ASSEMBLY FI XTURBECT/US2007/084506

I NVENTOR: ROBERT M JENS [ .. The present
invention relates to hol‘ggkgl‘{g%ﬁ&grk pi gce: bei ng
TIT[RS APEERARUSTRVSIEN AN MEFHODS HORVYORER PIECHN

nor e speci 'y to apparatus, automatic control
Sy stISOT HIDRMEL IDR¥ MACHINING ANI3 ASSEMBhYak IXIBURIE$h
frequency vibrations and preventing heat build-up, in
INVENTR: {(ROBERK ¥hsJBNSENon,  cont oured and/ or conpl ex
Fiel hape or multi-part work pieces, while simltaneously
——jc()' mai ntai ning the work pieces isothermally stable
duThg gredertBaVtintib gelaps{ctiol ddts forsmek picens byeg machined.primarily in dry
The inventive isothermal work piece holding systens
machigihgquoerssssi andigorsperi Scallyi tejapppraius muteapaitcicoptrghtystpeys and methods

of cﬁ%&%&lﬁ%@%ﬁ%ﬁ ?}eﬂﬁeenlgg rﬁ/%)trr%ltgor%s \%gc? Efe??ﬁ&eﬁgaéﬁh%%?p, in large, thin
cros¥-s&itn O orPin &P S5/ BREIMS18€ sk tof mulhiait e Rtpisees,syBilesimultaneously

is also applic- able to fixtures for the assenbly of
maigaieigstho woplapieses inothemabiyestablchduringss waehiaingyand/or ‘an inspection opera-
. e|linmnates TCE 15 i d msali f .S. .
o ST RS S5 R RAGh o arising rom
I I ﬂ a[p i e h% . . .
cn B SGERE, JTh5 Y e BRI ) SOLBP AR Sk nachiing.
shoréen Gvorik Eihiemg th@ﬁdsyiéldmfldnit-qpeama?hiﬁcipamgTh@'trmesti‘(ermfstem is also applic-
enerate extrenme guantities of heat. - neti. .
able[ip difgps @yélﬂf’eﬁﬁs?@g]_éﬂ o prefiich Bkt ngRF it erpepipiyeliminates TCE-
, , i . :
na 4 b RER S MBS B TSR BT sy Th
inveB OV By¥esM 35 aR0 applitadteotonprevéntingeT GEtinducad tdistortiogh of machine frames
preci sion _machine tool industry, it is vital to ..
and mgfhing|bpdriiont Heean indughen moters diat SeReTte SKIrCE qUARitiss gf heat. A mag-
.t ol eranc i . i 0 I I ;
i P57 1 o SRR, RYELAE T DAL 830 Pa'RRRRE 8 ot s

machBeafiygl Winghind boap asebBi dfaBrospaetcraft exnmpoghtsr
conpl ex work pie- ces, accurately, quickly and
Bacgg&aﬁhqﬁlme AFhese types of work pieces are very
. o nold rig 25 idly, accurately and _ .
i néx ferisgl ptegisirecmacend toel/indveiry, ithie vétak toyrapidlycmpetiing el work pieces
t hatt.er. [ [ [ i
o 58 Grabira SRBESL ok s B Sl AR STE AR IERER. Of paricla
. Vi r.. i i ’ .
efS DR REP S L Ll o okt o vor i
ces,acaRS8lyt hgickiwang r@peardlys heacypesifenakgiccssiate very difficult to hold rig-

diff i n hei :
idlycs:tc‘@g{ea?é; gr?c;tr{ega%rglwgg b\;g?\gq%rt}l@faerggg%g@r&gftog%c ¢ oiépqetg)’ c!h?ltter. Chatter is
v YR B0 VARURLL B A oL RRCRual 8 EERpl amoin or ot

cuttBi k], hagtid cAiBEd QRlidtudl dieigh elifferendeb npeaeh grse obftheatvol across the
atnospheric corrodent. Stress corrosion cracking is a |
work pege ssdioce Whenstvar sich dildéramdes in heighteacgs avﬁhﬁm{% 9 cotner is created,

caused.hy. si nul f aneous interaction of a .corr nt and
o cGha s oBriel FRTar eubnR g Bef aR HSEE
SiorS,rt 34 Q#chﬁ‘tgé{%%g chitdigie beanstRks$ SorfRuierackifBvd adrrosion-fatigue in
mlar frac-
the presence of an atmospheric corrodent. Stress corrosion cracking is a progressive fracture
mechanism in metals which is caused by simultaneous interaction of a corrodent and sustained

tensile stress during service. Corrosion-induced fatigue can also cause a somewhat similar frac-
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WD 2008/ 063991 PCT/ US2007/ 084506 ture nechani sm which
causes progressive cracking due to cyclic stress
wo o@diosryodur i ng service. Either fracture nechedi/ER200A084506
| ead to cat.astrophic failure pof a rk piece i ornal . .
e o S5 0BT st B st e B st TRl servie
Eithérr}HcHgg nﬁ@ﬁdd{iénq 2 RS «d @at&st}%?lwe X 1Ré 8EEwoik Sigtd in d%mal service.
we as re-designing cutter tool geonetries, machining
paPdoEhtenspts &k eednoe kvopl pizee shatter Snakpde. mddifeatomsviodbe work piece it-
vi bration danping of thin cross-sectiqn work Piece or. .
Self, s 2t s EOMES Gieh o0l SRRMGRIFk THULBNE DRHBIIGEh g0 arork piece set-
| i i S i t trol of
o SR PRREOTSIFR L5 415,85 8Bl 409l g concol
the W& @ideer Sthet uinedr F@inon@nNippsdactied inckmde aswofimodeing ey, non-linear me-
pre- loading. Attenpts to use elastic materials rely )
talliopprings.t gagland bipieskis pnsk abserbersniypedirpsonait sirigipees and mechanical pre-

oad 2N 0 LRGH UBLL ¥ P PR s e,
resuﬁﬂﬁg:illl QuWRlk staptidisy pf s@}dérti@fg, 18d WORK pib@O Sircattiad werk piece is not held rig-
sna

er step-over and/or slower feed rate are
idly,rsbajlnwadepids of bt at Kloaver (oohiqtitinm spakesstdprey ohandiar gewer feed rate are

ot el BRSSP s i,
gg @'ﬁ fib¥ Sk iRBLIAGE nderl®Phavie ASUAIN thermiAllcbBductiRaf and act as heat

eat sinks. Since the machining process creates
insulaeat, rether than asdwet sifiks. Shecettbamaghimingypraoess creagasdfcet energy, some of

the lfaq\g/g%/qle{rgyg H]oé@ggwg qrglé&%% Efg)_em MS@ Pitc]get asgxgjgy ?mg rﬁflyse l?geé: fgj gﬁgted from the
work El%cca SRIWRRE P Bed: Sorfty PHY ﬁgh%ﬂez% @ﬁerﬁf i ASporktB@ i @BRhips. The remain-
I'ng e y bo he ip

eat enérgy I's absorb th ool / spi ndl e
ing ket ehdrgy Wonlsopheddsy. bothaltetoet/spindhaiani ige wodapicen e Nghatever remaining
that does not transfer to t e.tdqog/.&)i nd] e bui Iﬁ;. u T
heatieciEAbAGIOR PPCERISIERia 1c ahigindle BrSS i by e MorkdipeBelso, compli-
ot ST EL AIGER nBh PS5 BLAMLGD OSAURTA B8 ko ics. T
whiléitidyahhpdarhp e6Hie Ribrton ftdyRyndean tiegtcat getapdi differeanttypically lower, vi-
typically I ower, vi 20 bration frequency that, has

bratioh girauergypthiat herea highep griphtudsemnaiittk ip hecworkypigee Where visco-clastic
Vi sco-el.astic .nmateri ' ' . ' .

T T R

is uRADMAr ostBlatis®thre SthRIthasedrk nat presdit ahen st woulk didtatwas held without

were not present when the work piece was hel d without
theitt trei ExprsincEstpoysi baceongtisaiions lof sudorhsiteratefgipngnetpdnboth lengthen

chatter reductio thods bpth |e e 11 nes : :
AT N
chat%gr\il&ke;ﬂ@éeﬂ%ol@fng%ﬁt'ﬁo@i | s@nifdint qdintRRatdfatjesOMoripipRees are created,

di ng net hods, significant quantities of reject work
requidiircastiameanrbaieds withegai reswigs. cost | y, manual rewor k
with poor results. Both chatter and fhermal bui.ld-u
ar &odx ghatiep apd Hhefiel g e ﬁmeﬁ%ﬂ%&}n@r S gl there no coolant
or IfBrichiQg &N tI‘Eé §erH§;§%ge inlSrPEHIRRAGR s Wk Bletds BHcHuse they are too large
machi nes wor k pi eces because they are too large to
to nimkiAE Mevet WM st 1dviasterdspag: werkas paes aravdirykmadhémslsfremelenipum because
machi ned from al uni num pbecau 3 f the size of the ..
of ﬂi{j?aw?e P%ﬁ)@d?ﬁi lﬁmge@ﬂgﬂﬁngt gxfﬁrrsgg tt%%_g éeql é%qg. |AéH1§1_1num ﬂas high Thermal
; | ' HGL [ PET Yor ) TRE TR, thi toured,
Con@é&é{@ﬁ 1&%{}? él W%?‘L‘ﬂ‘%gﬁgﬁ@fégﬁ O{ TE%&%?&{C{% “OAT ar)ge, Thi n,m’ eon Ouré
asyrB@Biriedr wokk piasyofralininaml is worell Ipfe@aimensiedali maving tasget during machin-
~real life a dinensional noving ta_r%lg duri ng chi n-
ing. iFagansEtparsionHactifg rasheanvary girmaticaly fiam apgyprk piece to the next.
dramatically fromone work piece to the next. 2
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WD 2008/ 063991 PCT/ US2007/ 084506 Recent precision
specifications issued donestic and forei gn aero-space
weorpasives have dictate that the thickness of PEEES2007/084506

R O SO R 20 Bt BUPRES S B panics b
dictaféog{‘éjt HCRIRABS AL Rnk Niin, [BRicLRIICIRGES wokk $R&Bs must be made to
Fndivid-ual - Wor k pi ece be measured at many
extrongfdy €igknfoddrances. Pilies¢ aew aphiifitativos wqaay thailtbe dndewsobf each individ-

.003". 5 These neasurenents and | qQcati pns nust be .
ual wark picge (e imeasiige At IENY ESRFCSERIAN Yot to h@é@?%ﬁ%‘@&mﬂces of £.003”.

Thi s ecifi.cat| . -
e Iy OSBRSS bR, BEEPLR.1 MRl b Qb ruiremens
ThisaeGUspatificaish prefaad ablefolSpeodivh: Fitdk-tte maehint hoalKielf snust be much
changes of the work piece nmust be controlled to stay,
morepachiate avieieagatatle.feaend T4IE-dovey hirkaess shanges € e Werkj pece must be

con s 5 MRS P By L A by s s
is unnfe? BF oFSMRPARMent HehnERRfuricl @EMNRnUHS RE Streduiadfrkme components.
piece isS hung vertically between operations, it warns

UpEven aftdréhaimpeeted werkypeecatiuheng voticallsGetwasnloppiatioes, itswarms up to
e o T S R O ST o e macing
TCE-driven e S| | LT ) | ;
v, IS D SEPLER, 18 GREERLIBL Y ot 2o bRERSS soproimarciy

+0.186 MBEs. OAny QEnéhs3Al fehRk&MANGAs inlfiIFAW thdiEenitd df Algat@d30” tolerance
nore than 150" (12.5") fromthe reference end wl|

winduaw buteis Jacetetimoes 1BnyIGAT (1hs) dtdno weebtederaicst endowilt haym expanded be-

sond 8 S B b LSS s MEEERR bhen oot s

therrﬂﬂﬁ? S8R thtd @ 1861 quaBBindiisdilabR fefi00 M8 It bRGe#BARM. or scrapped.
These i ssues are exacerbated by the aircraft

Thederiskuss ae' exaaatbaied by thef aitvrafh edustry’ e adertionAlf highey 9zengtiy Alcoa 7075-
all oy, since chatter problens m ke the.npst .

B alloyy §1§?€e?hattﬁﬁgmb%mﬁgm6§ n}agg the @ﬁs%quglﬁ@tt rﬁao%}mmgqu & high strength Al

| bt ' Stk Grec QM fnpBRKiBIe.

o QUEE O ETBRE MGt eIt i
ur gand, th¢id rémiing a@advdre, urhentani-neo ngadovi the ad te praxideom solution to the
to the serious and costly problens

Lo 1N ( o&cgnx cu%ter ion of th K
sericusiaag! icopltPTopiane TCEY| WHECEEoR SaHEIGACHNdHEd fpRosion of the wor
piec®! a%‘c‘iec‘tutt@pgfoﬁyéi%&r QLR c?n%ﬁex‘ @Elefeglﬂﬁs! ANvGRASEQS sk fABE finish irregu-

rFresults 1 n work-plece surtface finish irregu- larities

laritiB endbif-speafitdtionatimensichialrensisoThdre ¢y aler s necthfer en adaptable system for
al so a need for an adaptable systemfor i

a W de . )
a widevimety ofmashininmeRegatsme oarWekPIenss WbFRNpicE 8Bapess large sizes and thin

conpl ex shapes,; |.ar | Zes -1 D 0. : :
cros%-'s(g;glgp§ &L (§H§I?IC>}% tlngsl?aélsaglld n(_)rﬂegar%% 6§ I&r@sﬁ\é& 1ng}$§nglgg,rc§p£e retrofit on to
previcuslyShthil&BlaYed MEXRRNPOWE and adh Beude@!td ?zfdduc@ Righoquality dry-machined
previously installed | arge machine tools, and can be

party $esharer pmddtue endhitgreajeraii¢ldypagiqlarhicinitheeerospace Mdustyy.
shorter run tine and at gr ' particularly in
t he aerospace industry. Tﬁﬁmml\l&mr Y,
Suni Q%ﬂ'&%ﬁd@gig@@&saﬁa mﬁ%ggﬁs: 30 The invention is
——‘§' isothermal, hig requency vibratjon ) )
daffihi rigyention kis directed tdhobothiengalahihaepentyy vibratonrdamping, work piece
appar at us, . control systens an t hods, of .oper ati on.. .
holdJft ereptaPl TR FPRERT FEY ST ISP e CL ePiAY portculaty
dry &h@ﬁ%b%ﬁgg@%gﬂf AE¥es MBRke inldnSRRM acERas) meSiiRft specifications. .

pi ece holding application, the inventive
Sy $i e werkusieek Ipplding mpplycationdthy imentige system is used primarily in dry ma-
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WD 2008/ 063991 PCT/ US2007/ 084506 chining to
substantially and significantly reduce work piece
W@ b@Beo91 and reduce TCE errors by maintai ni NnRCT/II82007/084506

~work piece at a pre-selected substantially isother
chining rip srbatantially pad @1@HEanty reduge Wprk pigge ich%}é’i’t fi‘f’é’nre?lllche1aJr CE errors by
ik L USe- [ CanGiail {BthephSlt 8RB e@ARe. More specifi-
malnﬁaé?lﬁ%g@e %’g rkggg?e{%& uglsgé;ilé&g?tgg%sﬁaé}t [ ];1% Shi 5 h fr eg%gncye re' P
callyVihRria¥dn@ios rélads p gyparinis) gutoentic bomnttd spgems and aretwds of continuously

thin cross-section, 5 contoured and/or conplex shape .
attenpating high .fmmnowmhxrapq)r@c@gl, Pre¥atgg élp@hpwlgﬁgba%fa)yge, thin cross-section,

mai nt ai ni n he,wor k_ pi i WEVES S Y
con 30 R RA AL BB LB BN RAfncoly mininin
the @mgﬁéée@ NSothertdafly | sibEN By naoliiARIEMBspyvtiok guiderenssembly operations.

hol di ng/ assenbly fixture systens reduce machi ni ng ..

The oweatin isetbemmwork prese bolsiigdispembly divtwrn sytieps sdycerpachining or/and

due to machini h e ion.an j ' .
assepbBerr S naH AT A rart SPoUS AR ERY b i and resut i
highPredMiSh Hachinflod id§hoiRr SRAE tiFRARIIEELUL Ot RiphtSyielhef on-spec machined

i'nvention is particularly useful 1n dry machi ning of
partd. Ihgényearids ivsadcilaly heefadnalpawehiningdefstargg, parts abein§e aerospace
~ _large or small civil i,ap, conmmer Ci @I anﬁ% mlitary air f
indugir nchudieg lrgs ot smalkgiwlipn, commeraiakandmilitary a5, 40d Spadepratt.

F ol O Rive S0 éﬁnﬁdr%ﬁ?th’ékfbﬁé\{)ﬁ%.BOdy' conprising: a

ri gird, non-vrsco-elastic, and sub- stantially

non- cOMAr WsikbPRce Maiding| Babb cempsbiagt a irigad, Inpn-visco-elastic, and sub-

non-conductive material _ 15 havi ng excell enh Hqgh ) ol

f r equenstntidlyr sat-enmprashlpgoameralisables elasiircale neiicopdyptive materia

ducti vi .propernii 1.0 C - j ' -

suppor t hg‘éiﬁg §Q%fre§?§ilgggf§?q%§ﬁé}gt%§ t%%t(lﬁgﬁﬁ lg%rq{lﬁﬁ%ow thermal con

whi ch hgldivig frepbrtiéss abalrtbid, nctibicrdiinensiond] aappost fdr aatvork piece, a

| east one surface (herein "the Stabilized Surface"

of the wabskanpiakepation Af mhmhm%ngpg@seﬁﬁ@&mﬂn%mﬁ@:CO&zaCt with at least
| it f hani cal £l Lf 20,

Cacuum efedufng &ySnatie SaRPRe sREtETo IRk pidy”

f i | - ' i ferably,
ormed of Cgﬁé@%ﬁmeﬁf%@&gﬁ. k Jh@afiyte nkRe¥nic@Rthmps, or preferably

suitable s pi'lping'to one or nore
vacuum povgaubhoClan pinigrfystowcospdsingi vecaimicegduitseformed or emplaced

Stabilized Surface of ‘tPfBIe r.k. pi ec‘e i nt.ﬁ)ﬁilnti mat e ; more
cont act iiherverkdolding berh ap ﬂllﬁeg‘xff’a SrfBenifol iﬂﬂdrp_dplg%-o one or
propri atvgc\ﬁ | x;gﬁl{pﬁ 9&"’&9&&1‘%@0\@? Qﬁcpﬁl%itftﬁﬁing':tﬁé Kedbil&d Surface of the

and contro e vacuu 25 systemduring set up, _

oper at i QpprRpikcs hito idomate cotact sdthithe mmirk holding body, and including ap-
Cool i ng/ Heati ng System conpri si nfg: condui ts, channﬁal S

or gr opvesiate ¥ HtEeh, ggau@ﬁ-@pg@@asorqq Of RROTNFIRE ﬁ‘Bfi &pp@o ing the vacuum

body, or in association w ce of the work

hol di ng SK3&) SFRE ssiainy %P%%t%@a%}ﬁ%&“fw e Stabilized

Surfage Qf 1séthermpr CoblifgPleating Systdndbte&mpesihg:, conduits, channels or
mani fol ds and pi ping to one or nore heating 30 or

r ef ri gergatdven famiedoor feowlasse imiherverk helling bodys oy i asspgigtion with the

cool ant fao [ ntaini .the entire.wor ' :

i sot her ﬁﬁ}‘fjf;.(iﬁr}%: tﬁ@ “ng{:ﬁg]mrﬁg?odgﬁ@ati%& %0&!§aﬁg k)\gtglgtpé) _S{Jellb}’llzed Surface of

priate val yes, nQasaes sufle SEIRehAtifl® SRNSHIS tbWne or more heating

mai nt ai ni ng ang controlling the Isothermal Sys-tern .

during setrefifgeratipanmits dor esedwih atnodesamrosiyndludd coolant for maintaining
the entire work piece truly isothermal during machining, and including appro-
priate valves, gauges, and temperature sensors for maintaining and controlling the

Isothermal Sys-tem during set up, operation and shut down; and
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WD 2008/ 063991 PCT/ US2007/ 084506 A Controller System
conprising: a programmable controller unit, an
wop@satyrl consol e i ncluding data and command PepuUs20aT084506

2019 It \%ELISYCQ}/@&%SI %&u&@&%fa@@gﬁa e (% gorgpo?fe?tuinﬂ,gan operator
noni t orédﬁgﬁleQH&u&‘ﬁﬂg el &G&Eonﬁx?eﬂﬁiri but a{i‘idrae&i%l%%rious input and out-

device wth nenory, together functioning to

i npl enepit ledds, opaaiid suftveare,  omhmaohicefiortshmodult ifpleremote monitoring
system Optiopally the system can, i n¢l ude: one or .
more Audd opsrafionlontioh sarerdipg lerise Withompmps), fpgether functioning to

highy L0GLERN N CRNANG!nGonk ol SRRl S HBLREA

di sposed i At &r medi plece Stabilized

Sur f aceppfishdend §fsthnnarbiclyide:tdhe o @dire AukilfreHeat Transfer Plates,
plate(s) may include seals and conduit or groove i .
connect ¢aongrisieg highbr theppallyofonductivgefoymablg maisraal dhigpapggl intermedi-

t he cool,i st .an nsor, nbed | 1y ]

e EOoL TR Y A0SR SRR B BB BB 6 et st
during QRER(HIHhBNincllA8 skAlY 8Ad cHRIWEKerBOREoretitindGo one or more of
bodi es perm’t precise, rigid, dinmensional structural

suppor t thefvasmik spitenesdied dodlingpystem) amd sansensyenzhediled in or secured

fromverti Cﬂ| to horizontal. The %I di ncg body is..

di sposet® thahee {iapsErplatss fuRen Y ReLOTMGRERIENE PRYEHOY e

Stapl b f i ise] P@i i ructural

o DL SR PRSI0, ks HonRh AT BB epiqul s
supp¥RcIfudrk THadesiteld trhposvidmr atuany anglt &omefdréctlitodloyizontal. The holding

functions as a "full surface ¢l anp ;%Ste ) ol.ds

{ t.nat
bodyt kedisposed 1 EtEnainsUriacsr GAn{ACH YA AHEAE0pF abifig SRrficRet the work
. K _pi : j 0 i -
i€ S Bt SATRAL R DAL MDA BA2 S Bt s s e v
uum 8§ e teiffabdivelPAindtiony BHS Yl saiface etanyyosykstopi”ethet ladds the tWeek piece uni-
prior art, the inventive vacuum hol der assenbl y_cgol ds )
formiyhevesrih¢ eetingiaeeseofohe wark giespi B drogy feqam-werkgd sidgs instead of having

s P 0 B L 9 Pl BRL O3 B s as n e
prioS&H; f @6 GnTikide Reciliin Sekdet @Ssembiehvids khdontite pedaaslyer its entire surface
covers a substantial majority of at |east one face of

againshehenaptk helilimgeody. lostead ef poigt helding rdisingdhe inmgative system pro-
., _hol di b Is.preferghly a substantially continuous
v1de§gﬁtp%\cgg,sugg%[lgﬂﬁhgg%§gu &dded to maintain the intimte
surhaGR e ABIARES bYlY Boddne a Wabkamiaeeeajorilly fdf #Jedk @At face of the work
work pieces nay have dedicated hol di ng bodi es, that ,
piecé &9 ciealedi Sgbiiudd Ssrispe dihalHojding hody iscpreferaily a substantially continuous
particul af wor i ece, that are maintained in. . or
surtfRg ARG paehe KRR et laf}mafg?%‘/“g?%"r A 31icibsyyk picce. DIfh
' i in3&RRY; thhis ad1diAPBbdidNEpecially contoured
erengﬁr{) %%g@\%y%égﬁ%fﬁgﬂ%ﬁgggy may be ?rade 1%dulla}r_ pv?/iciahi :
for DPpEtiotlandbek piert,ehat avaspaipained di My eawey imtheamiadnsing dacility for em-
wor k pi eces of different sizes, contours and/or sha-
placgpeyoy thgpaghing oobped #eefgftiul ar system a linited
e 0 fimb BN S LALL b $e GRRIDBoMI¥EHith
an %13 tnghg%zﬁ{f gﬂgfrnggyéé‘gﬁé; hgwfali ?%Cﬁglg gf c it ith one or more

exteGAVRY, pEidiAg adcdnithbdaions orokonkopikeepiof cifferentTéizeshodrdoury and/or sha-
body is electrically non-conductive, is fornable .
pes. By. geansiof thissradulsy sysems. aahmg[e@, mepyf inysptegied work holder bodies can be

mix%:cﬁ A C%ltlc]%(re;d; t§’p gvnlge 5%\11(% %X%%S‘ﬁlgﬁc%cgv@aﬁk iyl sl A work pieces.

s conpar e
The holding body is electrically non-conductive, is formable (e.g., by casting), has a very

low thermal conductivity, and is provided as a relatively large thermal mass as compared to the
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WO 2008/ 063991 PCT/ US2007/ 084506 mass of the work
pi ece bei ng machi ned. Seal grooves fitted with seals,
wWe2@8/063991 ngs, of appropri- ate outline confi geCHUSZINT/084506

e. cylindrical, are.provided in the hol ding ) i
mas e Y Wit Rt et Seal G s BRS Hohaselirm e ioes. of appropri-
te BhtEhe SordMrudffonNe gl &y1ibRcAY i@dd 36l ]
a'e and qro tﬂhge pl at esg , & bot ﬁaq’vgrg3)3%1%{%&{}%&81&%%@9? Y and body exten
siongrarsn hgatolwarséer riate ondifingesin tHey pirtak lof the heldgigddgaind or the plates,
are semcirt 5 cular or slightly nore (and open

bothrvagipeAnd; guid eonlantpoes g9 veg 28 ca@ch@tfs- Tymieally, the grooves are semicir-

[ 5 ' r . 2 -ft into. .
RSB BAE (98U RGPy i CRAFE R, bl iso-ctasic s
menslomsnihat aratpras-fithidth thdwalp@obeesor grooves are provided

or errgll a}ced in the hal di ng body or, heat transfer
pl 4t BYralyy of Vasnuencoaduits wreosmmenieasiopmathethe perts ougenes are provided

[ i 1 t i ncl udes
or eigucPPE TR 1R REne biPOh! MRt S SR Blatmosphere from
undérrthenworidpiecd, e additien, kheG8tewt RichidBs ¥a644H BhCPRMMM Fun@NEd withdraw at-
vacuumtransfer lines. The seals conpress to permt
mosphse (gt kropl vader tthe orld piesn vitothe Vantion condueitt and vdrutimetransfer lines.
ting.sur-. face. of the hol ding body, thereb . .
The S, PARRE™S R TIPS TP RaREccd BT 9 A0 SPipgt yighpthe mating sur-
face AMhAES ding/bodl Uihteb{ Yor&fidiB s RIRS ﬁﬂﬁg}“ﬂ% ili
ace mfg y %’%Jé fl alcg ofﬁt?l QALY @ﬁmé) Aty b Std¥ilized Surface.

conduits forned in he hol din

A phyealiy of gxpessil ameovies.u¢hdnnds oe condwitsl fatreed im thienfaceraf ¢he holding body
t.hermal contact, wi.t h. the. work piece via the 1 eat ) )
pernff §5PlanC PG e el i el BBt 1B bt atosk piece via the
heat iBdid R (RABITPTIRN Bo th BiBati P bR @ dT R sGRRe %uuﬁﬁ {élgm‘ﬁnaﬁd1 fhe isothermal

non-working side of the work piece create t
coolBgabothiondle Bur-fvadéng sidevefthe wdrk pibetledichie StablRized Sadace.

th t he i.nyenfjve system can be used with a m x of
v aLIHVER oK B drat oo s Syriomnian be sed with a mix of
RO ' LA ' ing& c i
v BRI, AL L Ll P30y ot oy
can lpnbsed ivbenjencripmhaith a ahechhieiog) cBnping systerh 98, Wehere mechanical clamp-
. .gl urality of mechanical clanping elenments are arrayed
ing 13 Hseds 8 plirality ghmprhaniqah elagping clements aregwrasiedinassasagtion with the work
. ' AT i 0t e t I nt{ ac tween a rk
piee RO A g ARG SR 855 B SIABER R e and e e

transtirdylate tahé tied leoTisig HeHNGhatlagys bedS eﬁ*ﬁlﬁé’& g h@dRd @Y b#¥ide good cover-
ood cover- age of the work piece. The heat transfer
age ‘%Iﬂéﬁ%{(’g‘)mﬁ?eovi ded in, on, or in association with, the

f j 25 . body f ti to t f h )
T N N RO R -
bodyf futiétébn BSrdnBfer hB& t8Hs Mfm HREwYAPHHEMP Rt ﬁ%cfi[eatiﬁé QRBY¥RanAt fluid. As in

the cool ant system i ncl udes suitable flexi
the cpgesef] the yecuusie abgs op georesatthe catilaposeemiinclgdeonitablerflexible resilient

R A A
plate] Sea&F ARl &RGhaMe PoRAYBGuiA ML ORE LSS I8nt %ﬁ(ﬁfegmk&}duits.

the heat transfer plates are confined to e area o
t hirefeoddilnrthe feas dnapsfer platedsare dfhifnad ¢o dfe dréeeofbledioblgnt grooves in the

body, that the Stabilized Surface of the work piece )
face 0’2‘3’%&“)?‘@?\% Bﬂi‘/a ﬁatth%éﬁe SubfiGes Sortecer enemh glesedees” on the mating
f 8S, - ar f A S :
PRCEL 98 R £08, SR oSSR LA bnca whih

the coolanisgrepvesl dhesheseahnsigy flhtes cedlupnthe GoobME §roowes, tshathat the coolant
acts the underside of the heat

t he co&ﬁanq& fgtgni_l .tne n )
contacisdhg Feeryificpiefe peattignsiehplaten sithey than bringi ditesheansact with the work
wth the work 6
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WD 2008/ 063991 PCT/ US2007/ 084506 pi ece. The
| sot hermal System conprises: a high thernal
w@eendeiodvity fluid which flows through the fPai/ws2007/084506
. conduits that functions to transfer heat energy out of
P1IEC& he work piece to the fluid heater/ chiller, or the
re t . A TN o LR : ;
nolFeE ey R QiR ¢ PTRE R libiyity luid which flows through
the fluidosidaits tHae filricgbnd foaramsfer hemanedzy wit gf the wwodlk Hreoentd the fluid heater/

heater/chiller unit through liqujd tr er lines to o
chillerner thsrieverss.dpriginplsa peataraa thofind laﬁﬁ‘#‘a/%gﬁ%h 4¢ die WprieRiece; a liquid
t aciql i e flujid.tr I . I
pur o 4 S LRSI Ty 8 Bo AL RLUBIE i v i
transfe2 ames & thB otk heldin tlﬂﬂg,&d &k uf Bquifl tlahsferitids t@feiliate fluid transfer.
itself to 1provi de fgeed ack used to calculate the |
deGhe&opfrol Resien Hyclodese @bldapigones ENCEHIE GensiRg deYigh to measure the

. thermal condyctivity fl.uig to maintai h '

e B 8 o A U B8 Ko e o

heatiﬁ%%‘f“c%l‘iﬂ relgafitd @by B8 hidPEErh Galedivay ghadeh 6RMitialthe work piece
the anount of heating/cooling needed to maintain the

isotheom# pb edthimbban #0sot Heliabnd 2 digslet Brediasive Signfralere(MPC) to calculate

and o S OTS O  Bo S3ed BMRAR hOHEB el am ssothermal

tempdPHRE: SEiRibk oAl cHEHRSE WittRrRous @ﬁﬁﬁéj%dsoutgﬁﬁ N§bldvided as needed,
storage and ‘comrunication systens for nonitoring,

e.g., dixptaytpangls, eybband] mpusm dowbrioin] Sciaey, ddte reppatessnmagnaiieistorage and

5 fromone or _nore.renpbte Sites. hAccordi ngl

| . , L aken
comyupnicaiRs Rt MINQra.RARE ARy g e ,n¥rPH51g the system to and
[ ' ' mal work holding systemis fully
fromco\é%gﬁ%&én\?\n&%ﬁﬁ%sm rent machine tool operations. It
do@ascdainglye takgniin eorakipansi vEitctlamgets ahd fednares,be¢ alvertive isothermal

machi ne tool infrastructure or the skill sets of .
worlpheldingorystem ipeilly copipautle syl purmnt anachunerfopbgreggfions. It does not re-
. producti on and. hi j . Pt it .
auir G P P Rl Bhink Fo A Bur S it st of aperators,
yet PROGAES sitisgitiaDe eetréaeed pr@luctior and higRat fietd. Thaddition, it is compatibly
restricted to below 10,000 rpm the inventive S¥x8t gm :
scalabdg, ibefh iasizetrad itm b3corite naderr ighepred 9 ggicHiers nRathgfthan restricted to

SETY R e
high%%@é@rﬁﬁ&gniﬁ?:ﬁ%@hﬁﬁﬂé ofratidieaticidt@pbads oS Yipt&@on the order of 30,000 rpm.

par at us, work piece is rig- idly held in precise
podi & ifiost pacfaired embodimeot &f the lieNent v Bxsiend pPRAGEUS e Bprk piece is rig-

: hani cal cl. 5 i nati :
oy FRSTEREE CLAES S 22, SRRSO AT It s o
a coﬁg%{igﬁﬁ@acuﬁﬁ%ﬂﬁe&%@ﬂQ:ll’efrﬁﬁs? TdePpriacied pésitioring end Aigid securement

piece. The preferred hol'ding body naterial is a
ensueasinaob@atefdepth afrcat iméalthepody peaceconposite com

position includin in dry form: a base havin .
Coun PR BBy Buterel i GiskSpSte BE e B0 b pomposte con-
i Tk ! idg dfnenBliofd propérfies Wabh @5a Portland ce-
po“@%‘@%@@@%@é@é‘&&%@%& [ kl)egrs aer?dll(c))r Ogt hg l'ike; °
men@choz}olaie agl, arané thxolikeyb) filendecisas M@rdronsteagprgate(s), fibers and/or
addi tives, such as col orants, %l asti -

ci.zers, .
the W 6né FhARS T MBIRAERERDInT Y S icr TR sughues qqlerants, plasti-
izeks 58 € | eibRcill Hibe et h@N bk Sisé ¥ethe mix. Th
sy TSR BT O I et et i o
compbiifin istmBed st iodhdtetpeiagird withoayter, The imphudd dmwhist it sets into a rigid

specially configured for individual work pieces, or X
body afhdhendddssican bg specially configured for individual work pieces, or can be basic
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WD 2008/ 063991 PCT/ US2007/ 084506 "bl ocks" that are
then finish-ground to di nensi on and contours,
w0 p@Baiony cool ant grooves, threaded insets, BOTUS1087/084506

waal ke, as needed. . A preferred pol ymer conposite, known

blacks:: 6lazﬁmrtﬁerbgﬂ&hé¥gm}de F%glrpq&slqneam pg&ow,sot;@;lqcyng feelant grooves,
hrdall&d R¥RN | | ' «
e e P Sl PRl AL Bormppeite o a5 “polymer
conpieg’ehst thb rdquired pBpeftacer tHeaatenniok ¥ysesm cormEdily ebddshifl tool-induced

. ing body is a trye "vibration absorbing dead body",
hlg@ iﬁﬁefl\%‘élcﬁé(%/*g?“%i‘fé%ﬁﬁa‘gorg nigcswWirkiligrdnaelace. Eaghimodymerrcomposite hold-
ino dbl |0k I - hei ondwi t for i.nternal
g e Pt o< BRI tBaF AR} s TR stow response to
vibmtibh attertuagionres alel] e Byinigtas@intiuit TheinRodal FRspaAIROSE YiBration and reflec-
. materials used in the inventive systemdo not "ring"
tive) geRingyithin therragtpl badydtselfr e, podyroer aompositt materiols used in the inventive
Toget | castabil- ity and chi.nabilit _
S P e M N T RS
ity &fiohéhineelity g dhel folhneE Bsrh Potste foliel k&l Yin REGTAR Sind smooth machined
contour mating to work pieces. Castable polyner

dimgwsigrssior bighty preeise adowuinatig ® Work pibeesi Gueatile polymer composite ma-
mer

-hol di n odies inclu co .cially avail ahl e pol.
reril SR RS Tl SESechRetSPalle Gomyasenaibo ABBUPEpolymer com-
fids0 5ach TR Al i itc W P | ich i
p051S tsr o s - gﬁﬁrg@?ﬁl&%ﬁi ?(%Ifzﬂﬁ%sétg \ﬁ@élgn ti‘gwgla%}ﬂggf 221%‘[@59 I'l‘nc., which in-
cludgslHighistresgth Thexyhicgin, @fadizaigregste hndteltatahaddtiveg) at es,

Cu.or .Al. all oys being preferred, are pushed up 15

ag itk dveh ﬁé{@“ﬁ}s ?F?tfg@cﬂlsgap ase CyrortMealigyp beiigguelerred, are pushed up

ih§ittheBlBillAg" i iR m A9 "p; i
agalt he bott g)m sis‘éﬁgi}a%éfzeftqﬁlgqﬁoéglp '1@{?:? af[ri@?ﬁ gpl%éﬁd{gt% %@ﬁfﬁgpafg nlgms may be dis-
posealran thie betomrsitlecafithe eut ednifor plate. Whe fins ard side@ a6@0b@iured to fit with-

. }%{oo es in the face of the holding body. Orings or

in 1l gpefand gapqveg e $f dhe holdingybadye O-fingner edgeseating clements are
dispbfrg 8" St [ ' .seal .so that th

o Y O U Sy B TR HuftolT %421 38 e LotFant docs nor

leak phtec®ntakct withahd dobiepicte @t stoattibd tiadertb @l Biat WBete@h&erm “coolant” or
. coglant” or 20 "cooling" is used, the fluid can
coodinghisruspddhe Bridcgn eitherdepinricopl the svouk piseeaeatedahe

co flupd fhow.is preferabl ontroll ed at
coglél?gh?l rtathgl,d tt)ou‘?’ lscglf?%?@w 089“%(1668’1 83 a %@PEE%‘F’%J‘ yan vary as tools
progéskivelgrdullfordf difRfedR tool Ptk @Y QurlBATEehi 5bed io&‘%ﬁ%ﬁimng and produce

...Stages of machining and produce different” hea
diffegpmnt %mt.ournut-dﬁ dimiveg the enaghimingiyely, thecbatrolidréeropertued deBsor measures a

e FRET LR, SRV B THER o RSB 0 S S e et e
fluidc 0lsi s the MABLcitchRRS! Bdlow Xhé IndhdtrafiFer! PlaRsCARY deebing colder. As
circul ates below the heat transfer plates, they” becone
machiningéeat ersrgyrraised the ngnpreaitiressfehg worlapises attdi@perature gradient begins to
.. tenperature of .the work Piece, a }e erature gradient
wide 13 0€ gidinl diiens athe e e teters Hemsthe aempiclagation on the work

piecEREhE ¥ obleRRSH: ffaistef Bﬁ}ets.h?hé/‘ﬁéaq?féergg% s %ﬂg&%g%r}%)&% the plates to

piece to the cool er heat transfer “plates.
the cepler fipidcwhichrisipamped thramgf the ghoors tahé tipnat ek the fluid&ansfer lines to

cooler flujd ich is punped through the grooves and
the FERGHERIGH WhTR b Pt meles e FERsIFTb the e aimospherc or other heat

; t I v j r red to

sink pﬁ%’ i%(ﬁgl%ttgxg% / 12{) gﬁ%ﬁg&#&@l{‘ﬁq@?&]ﬁg@é\ﬁd@g#, rt1l$<lenl?lg3_@’g;_)1r’0grgsswely calls for

a loven ahd hgwéroawetant AR fehpetaturp evtadiifiRthgF gsbe@tip Wesl@MSrgy transfer. This
the MPC progressively calls for a |ower and | ower

Procgss GPatHIuCs [upfil ap SapdibHmY s regrhed, ihuwhible the hess deonypndvbiming is trans-
energy transfer. This process continues until an
equilibriumis reached, in which the heat from

machining is trans- 8 8
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WD 2008/ 063991 PCT/ US2007/ 084506 ferred as fast as it

is generated to maintain the work piece tenperature as
WeLh@sm6e1991 a pre-sel ected datum e.g. 68F, as PGI/US2007/084506

possi bl e, ' Thus, the inventive system nai ntains the

. h
ferredgp kashpelt ds gaastateh famainzia thesw SGeARYRCIGHIG Y ¢lasetqpa pre-selected
si zes,and f L GIE.atd on | ' k piece isothermal
o 52O AT USRS SN UG S St it sterns
over QtWHGE rdngp@$ differemciven hindc@iguedtionnst workThieces nouttats, wigeeds, feeds and
i sot hermal work piece holding system and net hod
deptlr et aachipings and yerQus Gher §fpea o5 MBERIANG PPFAEENS | ni sh on
t he, wor. i e -nat [ -
Bl B PSR AR o SRS B e st
of a BhoBiinairfa0g fiffls theen&rkkpiedel thhtnddes iotredu@iie Gulsagaent manual rework
i nspection and its associated production costs. The
and ithev essiociatedi pradhetionacostpr Rlipinatiag HortHehgewgk climipates mandatory re-

: rovi des continuous,s art ong the b ' .

BB S S SRR e P A B ot s

tem | E(jS@ésyc&ﬁguélﬁkuﬁﬁ{)%ﬁyal@ﬁ% WA bedKiddUs RGripedt Niligh holds thin cross
4Phus, very precise con- trol of the thickness of the

sectinnmiorkipeces tgidlybandathbs avrydiccustely dwing machiniagi hlyesn vpryeprecise con-
system perm the machine to take deeper depths of
trol %%?‘e g’twlg’ﬁ%sto-tlté‘? Wé’g%%‘a“se ‘iaﬂgﬁé‘ﬁb’eyﬁéguci ng both cycle

Ui NS 806k ARShventB¥ siAGh ?@ﬁﬁiwhé nBicink Yo B4RE d8&eY HARMHs of cut at fast-

the” inventive system al So enhances work piece
er sptedehsicbn atdrigisab yyen dinmsemd|dosts Py artcagisinigt iygidity aindaccuracy, the
15 machining qperation. This incr eiases i ndi yi duab1 vvor%< Tty of th
invepiivec s§mAleq SohRREPsHATK PicsE mprsiRnal pagHracy gRg P¥gal sgpeatability of the

106! IV &b i . O b e-piece run
sl SXSUR kRSB (IR0 s amer
consthitaens Tl alvehtiveeisathermaly aoyk piene holding $ystenadiiaws agehioing the work

~the invention is that it is the npst effective rrethﬁg1 : .

piece & Bget Prexecst digensigatldolerance §Vary dimpy A0OBFY adypntage ph the invention
. to pro- vidi . | b [ :
R e T S L
vidind theRoWésaposiblbeost prodac@inumethod. t he work piece

const ant Ei sothermal ) during machining. This pr even}s ,

t hémetiier gdvanthge of tTRGEVegionas thehi maiptpis iy tempgratyge of the work piece

consgagé zi%atbgrﬁa?)g{}fr&%aggc{hﬁgnﬁﬁ%?f }éxjeg%lt% @?ﬁ(@[}h{lg%p%ﬁef'CE variations, arising

fronPAITBARIHO Rurb @] BbANTRCENg thERGorki€R] pulhirgsit Shtksidleghd limits of permit-
forward, in that it fits within the currently, o

ted dimepsien tofachia(s). Tbolinviendersissiraight feswerde Uhﬁbﬁ%‘i fits within the currently

) peci al. order, .unavail able c onents. One 25 .skill

in-plage Cé“_“ﬁr@okﬁ‘ﬂuggaﬂﬁl%mu??d@ggawamfﬁg'ﬁde_f’ h‘glag%lg%géngn’%gonems‘ One

skilled i Eﬁs M‘\é&l{'féa&ﬁ;% QR AUetHB8Mpohdifl ¥F hdahventipé ytdin have been
In the context of other uses, and are conmmerci al | »

individaillyarbeen inrthadokitextar otiten@sesc st are fcomuweerblly aigpila le. In addition, the
installing and gperating the inventive st)éstem 1S

I A

costrﬁfrﬁspﬁéqlblg}gﬂﬂg;aé]dng gnc{ nggra%{he&pvglqvgrsa% B35 Jpwimal compared to the

I @] PLec jcdventive systemis effectively
COStio?nl%g%%%%eéSlg%g g%tivgdrggp upon installation. Upon start

30 Thp ivfentiae bysninni effectivelgimohediaghy operatéomal upon installation. Upon start

configuration of work piece, fhere is.an. initi sel f- . ial self
up oftmphiiging OF idoteW BEsighar PRY SRITgEalgL PEROTK Ricpfy; ere 15 an mnitial self-
“tunit h A PR i t [ Mide HEARETALHIIE, tehipSfary t t
o OB RE001 B0, RSN EREISHALE ity wmpror
rise LENPRIALBHVE RS ddshred WWotHerRhlERelig @npertde bbtheowaiirpice is allowed to

that the controller can quantify and map the ther nmal )
occurase latslee afntroblescanygyenify and mke @ thermal response of this type of work piece
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WD 2008/ 063991 PCT/ US2007/ 084506 for the particul ar
machi ni ng process that is being done on it. Since the
WO piosioedootut s are for rough- ing out the pi ecePCT/US2007/084506

o RSB BRATE 0T L B8, SRR 0 2 e b g
ing Buehke iR, 8éRaPanfhg Wbﬁﬂn@gs inR6&k 1@@6 &ﬁ{éfnklgﬁg el 7 significant or

is tuned through a single work piec 'S
releﬁ@ﬂ@sﬁurfyllwwoslmmmn stbgesulf seghmg. si m I ar or
each gqQ through an initial

t u r}?ﬁ%@“t %%lﬂ%r g?f?glolg/g%%gg thoeyghasingle &vorlh piessit ismet necgssary to subject
subééaﬁ@ht @ﬁmﬁeﬂ ®r ?détnhbzﬂ g>vc9f< ggzrcgsst%ee%clﬁ g(q tk{rBﬁLﬁi} ﬂlaﬁlﬁla\}\zunliﬁlgeg?% The MPC’s

to map the thernal ponse, res
CPlomexenfes tthermiah prifie tdatat dvethbRGttiigt pogeesean@ldalRl d#€Ris used to map the
rogram al gorithmthat controls the cool ant

therw&eg rgﬁe'ghgtrp%ts of vbhlch ﬁ@rﬁéledifdm ﬁg)u@n’@ the (MP@;ﬁatabase and applica-
| ece

’clongI % ﬁﬂoélg Ithh dﬁ} C8M\{r&$her é:o{)l t sys e%q %51‘2185%? g, pump cycling and

erma I ons a
coolameﬂhatl ivolumetttie flowrd helihtein thé vbﬁ@pﬂe@é/ ANntdtM&nRY 86RMions. Thereafter, in
continuously adapts to all changes required to
normgal; efezationt e gontrollst @f dhe erm@tlm §ysiem seontinasusiyhedapthéo all changes
o S BRE TR RSS2y boms
dulll 'Ehls BeIf-easRCbrodss st i& iR PrddullidP Ro RRIRWMITE RY E(,Sreased
by way of exanple to a 3-axi's machi né, it sh oﬁ
undé‘ithlgioﬂletdtratﬂmlhe beloverddtescbysway eﬁexampéam 4 §-aatsapichihe, it should

t whi e 15_pi.ece can be
be uperod B T BT SRS botfy slidied o d, B Fesigman which the work
plecé OMEBE kdtBted NS bEMaktS HRIC I ARGl ¥viftalPlendve s sfem is described, by
utilizing a single tenperature Sensor toucﬁlng 1
exammﬁ,kasmtlé@mgfmn@le tauperaterepensdrioechinpeths lwcﬁkrpni:e \fd)ﬁ direct temperature
ent to the controller as full

b
meaiui gl T 17 Seng) DTG SP i COBFONT e b FapieseMeiveof the thermal
prof‘I@BikthQ leffrfe \(f@rk 1&%' & sﬁlgf%frﬁgfé{hfrle IFIJIF BMCI‘IB?[E g%é St éjsc’?np?e control sys-

a Si er e Contr SysS t'enper ure
tem)s enudtgrls ,telmerammsmsorsu dresenidraothen fiad cdonta@s te3istive temperature devices

rature devices 20 (RTD) or thernmocouples, can be
(RT@%‘?&E“&W&O\%}? 580 B¢ wedy andmpyppe R@fﬁéreﬂépksogweewerk piece conﬁguratlons
co ntio
AR B or KO RERGA KBRS P A MRRL LSV imesins
and anyygtg)npu}ﬁ hotdihg bdiy ghdpes yhas haiyetse héb%ﬁsaf’&ﬁb!r b&ie8 A8 DRI ¥Yimilar work
or desired to hold simlar work pieces. The inventive
pieceasy skheningemive éY§9m(ﬂ@p)bedbh<§<ﬂY Qensécted mj dyys, instratl eddhomultiple-week

lead Mh% {ﬂf]‘etn 19 (ﬂLWFe?lkto ¢ eas\gl)%(titg]ge{ﬁ%c ﬁél?ﬁ[e)g %Plég}%lrjrlf I%E?smeggixgges as work

holdM@ rfkr &%&p&rﬂf—‘ AnoliRh adirigePRIthat thARei&elooRHY %Ilqgﬁ lbSger since the
that the cutter tooling wll |ast |onger since the

sharps pdgep o dlapetpolsf are et beiog datiered FwteXbesmg tedrtseme dhatly:r All the advan-
sure to constant r t he adv es of
tagest Hg ?lll HUBeve SEllep e(mr%tﬂ%b\fe eyg1§pt%|th%nﬁ§f gort H%lg’d reworking an
unactefable (Yerlt) Ywb RWIEkd Dstkadto M@%lﬁf bSectfi@lisg b z}dvgﬁ%natlon of an
i ece back into surface finish specification an
additeinahrireréttspentionfstepn Fuethieti dlijatsaind advantaggeesft thisrinséreion will become ap-
rt her ob ects dvanta s.of this invention wll
parer fope ogfideggfiop.of i VB AT S TR PU of ¢ he
dr s nﬁhscoﬂﬂrgst & klﬂ:tﬁg)r ARSHE iR dnfile syMS ¢ gﬂ) gg%&rﬁ%%l&e? of polymer
the prior art, the inventive systemenp K A
concigtsl which qp{roxp(bﬁtsyﬁaﬂbr formnmyr et @mytiexc khapeotol dﬁforfrﬁpﬁeeisely to a wide vari-

of conpl ex, shapes tQ conform recisely to a
ety Ofma@ P}g? shapes, P&Vl%ﬁrﬂ%@%@é&% S¥RR9Eisof the wprkypisCy peasilarge areas, uses

rigid support of the work piece over |arge areas, uses

10
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WD 2008/ 063991 PCT/ US2007/ 084506 a circulating fluid
in the work hol der to heat or cool the high efficiency
wheas/osvansfer plates in contact with the worRCPUSHET7/084506

o s B B LS Bl SE 5 St el st plats i
cont%? %&f”t'h& e %?e@@ RidPLondRERIS fR¥rk fié’ceacaﬁ WelheRt ARIlY #88lace for ma-
ur--face vacuum suction system and a single

chin@@ Ritaédt byt yMperrgoatisatédmetianpet elanpe osgnsferablyg bylzeful Stabilized Sur-
used to accurately neasure the tenperature of the work

face paewan @hetiser $yplent, Hed ebyingleromiacyhiRg cORICoY JemBFigRIre sensor can be
coalin eatjn J . e

oSG IRL ROb Rbp S BRSNS, res simpiing

isothRRRA1 o8l EhdaBink SohthaIsHREmidpxiatbes for assenbly of
preci sion aerospace conponents. In this application
holTé myehtiv issthepadli wikyholdiggfsygemes alse apgligable to isothermal fixtures

o L1 ST Sl 56 TSR B, BFRGE boces ssiy

conf%uﬂaid  holghigHitduANdeh8iRs bd kRcRE Godatioy miTrekpecatd eachltier (fixtures)
ssenbly, using both the special isothermal conduits

for dritidhgy aivetimg, ghangiwelding and theslikh are poesededaibp xturnssembly, using both
inventive isothermal ,system,is al so_ appld cable.to

the spe@i 1&9th§ma§ sndugts a%t/%‘i“ﬂ%“d”ﬁ?‘&% 3%%‘“‘%8‘?%%“%&% ©of
| i ' ' t Y$ 8o 'aPpliabRa o §REN B liddRets, retaining blocks,
m ﬁﬁ?%"eﬁgﬁﬁh@%rﬁ@ﬁ?ﬁ%ﬁ% he aB%er mangnt r%a_g%éts gnfg ) &

for thilghed @Cliteanmaghetion motdrk esest it lacpeagaytrydytei malibe thachines, in both the

and/or in the traveling 15 gantries. The cooli . .
PerTORRRCH N HEAE S RGER R BELGArL BT RS PFOfP Pt he raveling

cool ant o WEGulat | fation with coolant fluid
A R i G Ry
circEl8@! SReshpuniphandrgnedlcrs pffevantyi wighdrewtthé hean energy developed by
m grating through the machine fl{gg , tao.th referfﬁncef dat
the magnes. peayentreheal fign megialing Breugd tpmechipe fawe, tpghe reference datum

address the probl em.of TCE changes affecting drilling
surfgep ﬁ’&‘fﬁ]&fl‘éestoﬁﬁ%%omg%ﬁtsi de 20 surface of an

AETrRSRRESs GRTBRBERM of TCE @fngesvaffgtisk idrillingtdind holes from the outside
structural supporting stringers, spars, etc, a

surfaggoRbi ectospace cronypserinyich a8 & Yipg sking iply stpuqtira) supporting stringers,
automat ed robotic riveti.ng. np- ' . . riveti i
o e S g G U oF g D BEpl® BipRlebpoe rvctne
chirf%% t@@? SPAPYNSEU:S theS@nidiiaies oAdheIsitifpet, spars ol othetecomponents, so that
the fy to'pre-set drilling patterns to conpensate for .
adjiE@Rerrdan dre medpamshaofly do prosttrddling patimp i eampensptggor TCE driven

assenbly. 25 It will be evident to those of skill in
exppiHi e QfrconEragtioniaf @artH JuRg &Yt em and net hods easi ly

can, bey adaphest tF) PhRe Wr dS111A RIS a fthat BRCINGérflive system and methods easily
appfl catrons, all of which are intended to be encom

canhasslasteditd hiwide rengs ofspecific applisationsedlt pHwhidhrarefntended to be encom-

Descri ption of %Ee .Drawi ngs: The objects, features,
passedVisty di 89RO IOISHAEMYPBsent i nvention will become

more fully 30 appreciated as it becones better

BriefDescsiptiod D ered in conjunction with the
accom panyi dr awi in_whi ' £ . b full
i R0 0 B L DS DAL LIRSS bscome mor
apprd¥{RUP R0 Frt bchfies BYErAlndisend, whdidcomirletidnin donfainctidn iveith the accom-
a top, plan view of a work piece holder according to . .
panging énivduksirent whith tlile refgrence characters designate the same or similar parts
throughout the several views, and wherein:

FIG. 1A is a top, plan view of a work piece holder according to one embodiment of the
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WD 2008/ 063991 PCT/ US2007/ 084506 present invention
showi ng a work piece held vertically; FIG 1B is a
wa@edsmedodr of an exenplary control system for PEEUS2007/084506
i nventive work piece hol- din nd assenbly systens,
presdnh invAntioneshanpga Warkpiges heje V?r%éab’éc k tenperature

¢ 1000 hefh® offa | | B2 i8Ry Vork piece hol-

CoBiglo LSPRGR ool AhalF SRR PG4 B0 AL g et
ding 8nd agbeHBBVyB@mS, Mehisiek@hplepd fiefatibe e dbavkrtémpéreties control loop;

thermal energy transfer elenents, internal vacuum )

| | FEG. Ziivch edrtiendiehryatddrepastior view ¢ thg ipventive heldercofdig. 1A along lines

showi.ng a seqyen f steps followed en riic .
2 - Svomipda i Tigedadd: BBy erst el daried e, imermal
biLRk P diABQAgi on inspection cycle in acc- ord
Vacu\?\}ntqﬁ&theinglg%ve method; 10 FIG 4 is a flow chart )
s hBIG rjistzhBowahae sbewnlz s sapendecif] stape dolresdl when a vertically oriented
haori zontally ori-. ent work piece is . tenperature . .
worlghiges MISBETA-HeD SOTHRHTIR B A0 R ACP G G e fipB fycle n ace-
; ] . with the inventive nmethod; FIG 5 is
Ordv\%}ﬂhl%éafkngg%?%g@d\’/i ew of a third, alternate enbodi nment .
of Fihe4 RrL£Aewtchan\sBBwIngnthe sequehee dBatgrefoliaved sehental horizontally ori-
aspects taken along lines 5 - 5in Fig. 6 ,hovvi,ng.a . .
entedupiokk piotais temperpturel Sabjliprdrdusing %@@#ﬂ%%@lﬁ@mo inspection cycle in
gcrt gﬁﬁaan elt(;/rrenett chyai ntaining a vertical web in
accort WEAL K PO ¥ 6/ A8%enbl y to spar chords and ri bs;
FI ©1G 65 isvatibaskaat ibw e atthed atfemateddmbditmeht ¢fdthe present invention
al ternate enbodi ment of Fig. 5 taken along the line 6 )
in its is6thermatiagsentbly henecisgakendene hegsder 5 Fig. r%ﬁ@%‘ll%a work holder with

extensions in hoth retracted and extende i.thons; .. .
uppeg(fmgﬁgwely mayes| .eeq)faenélloav agHts \ﬁlaé%algfngag fxgeat?(%ﬁ ’V%b S orientation for
asseﬁhg/%r&géﬁh%@%ﬁﬂ%&t of the present invent- ion

show ng a

plurality of horizontal stringers accuratelfy )
al Fi@Ged it @ orizkital patieh wov lof thethirdy aiernath enypdiment of Fig. S taken
hol der body, thermal .ener ransfer elenents, and .
along Hacaling0 -\;%;@Jf}g, ‘.]E ﬁkﬁg%l}lg B rk%ofc\]gr glté%wg?@\e} SE1eBH008 g\/\l})oth retracted
and Q:Iter?defdipfogili‘ionﬂl ternate enmbodi ment of the present
I'mvention show ng a machi ne bed having an inverted .
t h@rgRy ieaeegyeltvaioafesw as s dodtly allemhtetenatiodithenttyd dhopresent invent-
25 the nachine is nmaintained isothermal and Iegﬁf : :
ion shopypes & oluaalitsilof P zEal SHIREST KT P‘F@egrt%é pn panel work piece via
i nyenti o ich t =TT g 1i:2si S
the ikl B Pl SRR Ferk G i R RE e Bl et ik

of FGe8Rs 8RN eldvANGNiew s ShBWilREhenbédmeal ofthe pgsent invention
transfer elenments adjacent to both top and bottom

showiakagsadhinesbed| Hammgraniinchuisd ithgrmabe st gy wansfssassepdyy such that the bed of
Description af the.Present]y-Kno e
the @gglpyﬁ: ﬁsgrrétﬂtalpﬁ 150fRe Ll %(-Hf i S?R%OV]\?SO %lf/t&rﬁ%g 3&?&&&?&@‘[ of the present

inveﬂﬁé&(&{hf&i sAPpdrtd H8 Wod BiRcd;aedi nvention by way of
exanpl e, no]tJ by way of limtation of the scope, i
eqEIGabents cod epvaticn plessolod sikhe altemeistantipdinpetof the present invent-

o 858 Bl SR b SIS LB o ad o hves o
line el}(c?\[c@ilon nr]t%or.

Detailed Description of the Presently-Known Best Mode(s) of Carrying Out the Invention:

The following detailed description illustrates the invention by way of example, not by
way of limitation of the scope, equivalents or principles of the invention. This description will

clearly enable one skilled in the art to make and use the invention, and describes several
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WD 2008/ 063991 PCT/ US2007/ 084506 enbodi nent s,
adaptations, variations, alternatives and uses of the
WO pn0sf6399n, i ncl udi ng what is presently beli eRETUSIIODEB4506
e S S s A A RISTbG . nchcing what i
prese?l[rg i MRALS be BRARLRLAG PEEAPINGNit HRSAvdRBER. In particular, the invention
applrcations of the inventive “system and nmethod as . .
is shepplin &detad embsgiacits, eachebehigraxemplans kest madg@ppligations of the inventive
operation. 5 In this rqurd, t he inﬁentionfis "
systent andynethedas Aplief & 3 aReSin mpshiRIP &Sk gp P Of gperation.

Suff i biby it B % RIELE fi d is of sufficient
oL, SOFRRSALY | IRAL BB RO g, and i of s
comSibAB! thattBneiny Retsf inkdrieldtionstsips, aheé dub-combiatighsethereof simply cannot

pat ent - t%?e draw ng. For clarity and conci aeness, | of th

be fillvillpstratist in ;eingler BFIHGEPCsHaWNG KUY i3d CgRCigpieps; several of the
arts that .are .no . ' [ AL M5kt tdPaving to a descripti

drawg‘k%csﬁ?ﬁtl? SHC lc’a&pogl?]t%ﬁ%#f gilrlatf?I %a‘%‘ﬁ?és,eﬂg?éﬂé?% Sr Vg o & deseiption

of a PArtiORkPleuRS, abgeet brprafidleof teiim@ntobs béiagdisclosed. Accordingly, the best
Accordi ngly, the best 10 node enbodi nent of one

modé embudieentipf bee Satwe miay beribowndniong drayriagand the bestiperds of another
| .be called out in another

of th feature w|
featua?‘é(afﬁ@?ﬁ{ﬁﬁro& méﬁ’ﬂgﬁf RO vachi ni ng Flat and Conpl ex

First\%@lﬁoﬁin?&ﬁs, ]Q; [(a%hﬂﬁng Fiht ahB @ifplex INOMK Plages: Nvent i ve
Ing System appar at us ol ding an .

i NPt BA, 1B ahdReshowoihk ipicstive 921k picee haddingsastem apparatus 10 holding

_orientation for nachinin m|ling nmachi ne and  15.. .
an invgiged h@héﬂﬁdt"é?rkaprl@e I%gtln §%’8F(M?)al. orﬁygaqo 8Hnia%m§g§ éinésl'%ng machine and

includes h j b : | ) 5 "ﬂlis&%bl 12, _
orFEg 5L o (ARBTEIY 2 s W TRRTRA Gl 12 e
numANShemedlGlanipigg bptath Ny abd clpsaivepiieymdlXontrol sydes base

body 20 disposed to rest on and be secur.ed 410 a ib d
noThohelding kadxtaseamaly 18 derledes Hasg lpqdiylgél (hﬁ?ﬂ%? to reqt qg,and be secure

bolts 102 wth the rk .ptec ' ' .
o SR 8 164 i3 W8 90 148 6 s 2
stancgiﬁ 3h riﬁqeé’}éox@i‘éﬂ &2h ¥yl itsCdoFoRaiP En 25215 ER1dr32b i Gethimed basiove-tail clamp

ody by bolt 33. The hol di ng bodé 21 and body . X
25 sexkehsitinb@2 bade byrkokt 331 The haldiga dadpibanhbedy axtsipniirare matingly

and abut against face 32c.of .the,le rtion 3 .
aliedgoRdbay OF oLk and GRYS 4Rt F15m 351 ST 1o PRlg &b, Depgyeling on the
| id |k fRkiBn RhACES in Miftipld PRcOO®RIth the body bein
°°“‘§%‘?‘%‘%§‘ %F%ﬂrggl%gi ﬁef%tegh%nﬂﬁgr emext e{r?si gn;. The ° o _el ®
20, WRIY b 2aneid2adye exttrsiaisofih@ BodyaXlearal iddyrextansipn@2 have a plurality of
i ntegral countersunk thr ouggfi hol es

2 ich
integrelc oonmsRIsUnk Hepughdiies B3 W ﬁ%‘ion%%‘g%%&% davp bolts (gt shown for
far. anchor.i ng . ' r d ber 20.
o EBSIRFAy hB  SRRCLSB eAgesest g b member
TogDREY baRasbiyapshyeatidenaineiss setslehyd apidly hgtidhy irtvettet! L-shaped work
the inverted L-shaped work piece 32 in the vertical
pieco B2 émthetvettital Jentdtsindi ng body 21 and extension 22 hol d

tsggfth!g %%&ﬁr%ga lﬁg(ér %ﬁ%%@sﬁ%ﬁéol@ﬁ? %%:3(;2%{3 bﬁ’t ag lé‘?c\tlﬁlﬂ..gfq%/and mechanical
clarx@%% g}ésitéﬂ 19f TH@Q%M?%B&&SIS iBPledfntedt 84 b lurhbtybsftvacuum conduits

A'plurality of seal” grooves 31, generally

24 igefial 6 bethl tadidsn A phealits of s¢al gmovas 31,rgeobiaHE dew-circular in cross-sec-

~enplaced integral in the hodje 1 dj.acent, the .

o e 0 e SRR A 2 G e B et an
These .seal 0 ke 18for A a Qe Rhefer Rk dimdlal glitrality of heat

confERSLB a2 O RS o B bl il

tran RS blaterM7. CWloklifg ispethes aasiled@ylingridahsral v 30, cybindrical seal grooves 31,
grooves 31, 13
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WD 2008/ 063991 PCT/ US2007/ 084506 vacuum conduits 24
and vacuum mani fol d assenbly 24a, 24b, 24c, 24d, and
wQd@sabivew t he vac- uum punp 44 to evacuat e t hBCHIUK2007/084506

fromthe back side of th rk pjece 32. C anppi ng bar

vacygm.gog u1.tsh€4{: ?j-gis Yﬂgpwmtrﬂ@q%&, &sss@@b@é@zgﬂlﬁ ZFjI!ca% , afl @é? allow the vac-

uurB pRIpr4Al th Ya@hteMBE B4 BodD e TREDERL 6the %&%kéfw 32' ®lamping bar 25 also
nments are | ocated along at | east one face of the

helprolrald thret abrkl piengt32 infpldcheTpr & pliraiitg oBPacubm g redchesidal clamping ele-
| 00 iso%Eernal assenbly conprises a plurality of

megts afedogart Yeng atdgashAas Bice e the drtigental lomsth af ﬂﬁé’\’%b djece 2.

an drl‘ﬁ?(élslgk%l' lggp ?%}hgﬁggga%séﬁlﬁg%o&%%g%:a{ Slw@%gé‘gﬂ?% é’l\”’ggves, channels or

of eXxanple gr ooves, _ _

contdoitd 2Otk bo@p2 Rhh®bxteRALEH-THRS fluilch&HeA 5 wn B®ay of example as
open face of each (?y oove is closed with a heat

V-spensd gree s, e aveaged maisizentapl maradleR Bpacedeaperitaeienfagion. The open face

f.. whi ch 27a, .I.S intajned in intimte [ )
of oot i spefinalii PR BoRBSon beheadlraiiieritaif 47 yP@euer fe of which
27223 diRtaURE Y Rt ARG doRABEL MR AR, WorkRidk q?ce%aﬁrw}ﬂuid pressure and

I nclude one or nore fins 43 that project into the
vacgumo eleniog. ddsit sansfer ple@s 27 meaysinelude Andbghotd @3 that project into the

conduct.i Vi 5% fluid 28 is circul ated through each of
o Yelofasgisign O dtangisr.24, high thepmalaenugtivify Atest 2% iseqnsnlated through each
| . Lig- Ui .
o P98l 2y 0T PR TR Sy s 7. T i
uid ¢lansfed lih@o47 hidltietcifiulioh uhgN43 ifsreih tclosbd dop BYi88 cirbB@lation circuit

fluid 28 continuously thr ou&g the heater/chiller 40 to
thattraeyasehe fluidedt contingeedly theugsthe hghtgr/olglleod (hini thernallyt beat or cool the

il 38 o Brefiiofi Mool Biek 32 F Fro BRSBTS R PEGpgal time tem-
perdiiredHIRINEAEIiEIE s SRMKLRY ‘tgfeavtleﬁl?el%%ré SERFY v 6 Rlseélrsor) which sends

sends an input signal to'the tenperature contro
an ippuwtcignahtodbe timpersureeotiroalldr gunclidn 06 ef thei apntrdBr.95 (see Fig. 1B).

Toget her, the vacuum cl anpi ng s em and .t he cl.osed . )
| ooPartist HE REGOT RGTEYE BAEM G0 GICj S dOGIS BIHEE Faplige system rig-
. . o] . | .
0 IR AL g e ke 3201 SUETH bR st i
oppositkiang F2acie thenivotidnlg e Méleddn! the TdulsThis Xixtiire is svhahRtknown in the

. s known in the industry as a "single |oad" fixture. )
indigghizeast hesipgle dogs elbetures 5@%6@,\*«% pipge isilpgfedpall apillggsoperations are
r ' . tial ti i . ..
po it REFLAIRY S-S RARLRESERLE H BIA LE fn tt osion
Thush@effaee32d nifledabdigd /RBOWE frbm3thd Ooniebfeedp B&M&O The small face 32e
degree top corner. The smal| face 32e or far edge
or faegdge paipendianlat © 322ds plso alidesl. mi | led. 25 Fig. 1B is a

Fehad e SLcek dlaoan o o crelplot eaflo sl SIslan, o o
invéHive RErRBERE HotEn A B iy GlRgk: ﬁﬁcﬁﬁ&%%ﬁﬁuﬁh@%ﬁ%ﬁserﬂﬁ]y process. In this

this exanple, Fig.” 1B outlines a negative feedback
exapmupbec #8g 1doonttinds d nepaticofesdistckpyoass eomted laopcconeisting of a desired tem-

.Set .Pgint_as indicate n arrow on the
perﬁﬁ@fﬁ i’gaﬁgﬁ a@qcaé%t?y BY agay Qslrt%eti%@rg? side, @8%}@@ of example. A
. § ‘ ‘ . A ! .
s 08 YRR O ARy RMDY 80 SpOORLEERLAREIRILE bBcen e st pin
tempadturd endvitiekwpikegiecd emperatirdisiznal foml sehsiagndeeios i200ia line 29b. This

device 29 via |line 29b. This tenperature difference
tempergtvag difrrgnee signak ewiput s seReto Wgurpufolithe medglepredictive controller 95,

il e Sisey g SfncBiigie oy RbnRL EESRERr AReF 38 Theheaterichitier
40 diftRr Reat oF c681s thehigh4Rerfial BEIduREHkS 1161d 2P Vhicht fiewiBNhe circulation
thermal conductivity fluid 28 which flows via the

circulation 14
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WO 2008/ 063991 PCT/ US2007/ 084506 punp 45 through the
fluid conduits 47 to and fromthe conduits 26 in the
wowrk/opdsece body 20. The heat transfer pl at esP@iUS2007/084506

t th K pi to k it isothermal. The .
PurioABHaEEl redBH cBIdiGS AP cB T Shonduts ghin thawery picce body 20.
1.0G,: 1.on. The vacuum
1 SA085RT8 BRES 27, AR IATEAD IRF Whperore e

singrdeticanngeratsen sighalsdieninlebdy 29 Badkt i, the F@nfifd) jilnction 96. The vacuum
troller also sends appropriate on/off/punping rate

lineg ty Htpia they Worke PIseRB2 415 posiion s mashiringipigret shewin $eit clarity,. The con-
[ [as_signals ¢ inue to be.received, the C 95

ol Rh° bR aBOR MG Rag? SichBTh IR o A% B2 temperaure

and/B@PEint 612k Is1g@hls 40n @A B WERe N edOHEANPE 35 ohfiues to modulate the signal
temperature of the work piece 32 as close to

to thesltatesichiler 46 apdbpwinhK8 to Rhirtaintisetempamtgkiof thedvirk pidee 32 as close to

. ontrols ari. w|l recognize that it is a i ) .

isotfH Gh RSPt A Fernt éﬁ%lﬁgl 1 GRyoBtRlsgrt ailhupengnize that it is a

traht-SRUIRT Hhalr i i i

sk SO SRS IS SR QLA SRRy B convco sy

to theaimiventiveonbteny nedithadsuchtdoatrs] Yewirgredeasily @bnfiflirsd, or others designed,
épecitic application. Fig 2 is a vertical section view

for thts sppeifig 8PRIICRHOR of Fig. 1, showing the body 20 and

bo i | dij e rk pi.ec 2.in th

vertp 23F b SPRlsRR ol tel] find NghehBl o REpshi Gody 20 and body

extephiefiRNthe1disg vtk Byecwdy i@ thel vektitst b@édt@ibn. "Dlﬂg\é%h@tl)é set of clamping
cl anpi ng bl ock 25 (back side block) is held 15 by bolt

clengmtspits shonen B pray o ilduserapos i4 dovetazibelampingtttheckiRicfbask side block) is held

e O T T T
indeiBY Ein ‘tﬁsesg&grri(ﬁ akteh@ Hredots 4 RRTFE3S @hﬁﬂ%g{)v%s Egt)l?érﬁ:alzjgint 36. These

front sid ovetail clanping bracket 38 out Ttoun
elengintsototdio asfr@it safpadavstail diepingtisadtet 3&abowfrotulded pivot boss 37 against

e S e BB SR A B S g i 2,
TR S S RS SIS g ot o

showase diadly) foeladeior?i@. to AhesBass howi hollet POTREIEA LRGN &Q@ﬁlﬁ@ﬂmre sensing
device 29 édisposed in groove 29a) which neasures the

device g 64i8R05£@ inogroe vro2 Yao Mhighi measums the tepperatire af therwork piece 32.

Obd grguion, the nethod in accord with the present

-Jlrgv%wﬁion for machining vertical surfaces of an
L- shapedtiex! fhddaethad fif adédrd ak il PRewett knPdr@ioR 82 mdcBining vertical
shown by way of exanple 25 by reference to Figs. 1A

surfadggs afan L;shapad extraded piagrafi abiminwy vRirgpiec8 32nid showo bytwey of example

o RSN B ot S 428935 5
1,78 oy By WO PR AL LIRS e 2

(seeredschFig. n) dfhihe rveak miécet B isaefrasdéned ThatsStor @ber el reference datum

naégining may be perfarnmed non-isothermally, but upon
surfaceesy) Hetr waFhippg| the g9%h @4 theangirtache ddiis redgreags machiningaphee performed

il . i T " i1
ron e R PR IR e BRI Dl N esomue Stablied

Surfaéts, assdefiabd abew! The “SXugled Osuafate andnb@nloFftiRy ERESped work piece 32
. datum surface w thout being machined into speci- ' _ '
is nqtjaggirpigrenowglsie achpetheirp§rence detamesrfage withowibeing machined into speci-

ﬁcatgoréls I?rl]saorrhhg s@g%lglez%lflﬁrtgglggggﬁs gg&%ﬁiyﬁé@}ﬁ%hﬁﬁén%x qfihjélirerdf sizes of strin-
gersPER@M el RY, APSEmAaiiHMe SHITRESMD Bfeddfeferlct dathvn surface because it
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WD 2008/ 063991 PCT/ US2007/ 084506 is held by the
inventive fixture in a single-load position.
wae@snaiongl y, surface 32c flrst has to be PCT/US2007/084506
. .reference ned Cbntln eps A - C
s LSBT BB 514 i 4 B0 R Bican g ber inEly Reghce 326 frst has o be
refeR@RE-nfdhitle@ the dovetail clanps 25, 30 which conpress
it against the heat transfer plates 27 and 5 the
r esCdnteningoyl FigdBj S@ps aeaCsthdOvak pidve 32ddYoaddd alexlamped in place to
pi ece 32

basq B $14 BB doBrtr L lamp St SN DIGAORSTSS ortais s iegs Gansier plates 27 and
the Fegﬁfé:ﬂi 1ngl41ca1-';§% |3»9 V(Sﬁgl\llvr@d& Zcif Ne&th %aJ ]%)unsqg ga ﬁls? glln?eéit qn to draw the

p ece naéhln
work @idde B2rintd 1B candct ﬂUsﬂi@hﬁg@ﬁl@@ﬂh@ ®08Pe¢ivid EHIuRE 24! The lower half of
becone the reference di nension for all subsequent
the fraethsustangy 32d-RE wede pigas B3 lisdnate fimishsnachined do eppropriate conﬁguratlon and

a8 s PSR R RO S iy 3755 hachinng
21, Thetv@Bue hBRE dbwiR tﬁ’r‘ﬂ@& oﬁﬂor%l@asteﬁ eStQﬁqy A%Td? R1eBfon 22 is placed
22 have a plurality of matching, Integral counter sun ﬁ
on topbihghotip2 ke RBilitdtabeldingto thedody RayStep e rB«ahSheﬁlboliygzl and the body
their_length tqQ maximze a, rigid nechanical joint.

eXteﬁEiﬁ% 22 haYe Bl glity ﬁémat@megiﬂléom@few@dhmwgb hgh{s 2 placed at regu-
i HRTEF SEHEEAENMGu! I SWOR AN i S0 TRl P o bt o

showacaredfisdried thedyh ekdse nsumdrsdnk exbeasid ﬁol‘éﬁl 23hindetighténed into matching
sional datum plane of the body 21. Vacuumis now

nutsidai inpiathed inythe deded0yiTheeany Lﬁ@ﬁel qfribe bedy extensian 22 ﬁxtynds the dimen-

smn%lzdé{l?[ﬁlgﬁ%g(gfﬂﬁ# 'F‘%)ﬁ % 4| n%CIel a5 algtntg%t %cgie ?%aﬂ? gWXIFii é(la Vacuum lines to a

plurfleth &TeRcEurd | BRGSO SHESACR Bk Hdd§ MRinkioRI 2CeTRE vacuum pump 44 is
tightly against the dinensional datum plane of the

rest&mdytoe&naem meorefezzndeodlmehetob aduaface o fthe N@rhantuen?sh gightly against the
St ep,

e cla S are_secu
iS55t AT BEP o 46 OFY PGS oY B B lmaerdy s thaghining cycle, Step
|

P BRI S by by IR 16 g o o
tinuausty re-droulane thiertegh thenﬁaitdoﬁdluctllvﬁty plid 28 mbile whd lh:ﬁialimng machining and

nmovj ng.the work piece 32, Step H, Fig. 3. In Ste? I,

On-§5ﬂ°hlﬁé inspestivl IeprafaggRed M@ﬁhptlmowae Hhenver m¢0@c3és§ ep H, Fig. 3.
st gf Stseé)tlo a?ﬁ‘@%h%ﬁ%l g\ﬁ)ergjf 301% the mach1n¥n%§:)ﬁtac:6eﬁg Starts Lflo Beat the work piece

sensi ng devic ers a corres
32, the fRefcddtifeSehdife de\;ll-&ﬁzg-rdg[‘s@é@a%@rre@bﬂdlﬁ% tdnhRmathR&ise. The T-increase
tenperature sensing device 29 is connecied renotely t
signglHgornviElg; tempignture isensong didecd9' is cphmetqdrmmoobéys tcathedd?ﬁut‘ the control-

» nal .to the heater niti.ate cooli
ler éh% 7S %Fplftﬁé%naﬁogth beksriaile dhd SHIgiF 91 Te! prgnping of the
hlghtth&ﬂ%y Qoﬁ(m%tlgﬁy 'ﬂfuﬁi QIS kiBEsh thé AN Enld P ?ﬁa’(!{ ﬁlez&anﬁgls 26. As the
wor k pi ece 32 tenperature progressively rise
worlh p@be 132abmyeratrite @Fogﬁmrvetyhﬁse@&lgl’fersabt)v@@ﬂ J0PF over the 68.0°F set point

tenperature, the controller S|%nals the heater/chiller
tempegptyrs, wﬁ@gn%@léqr\s@n915|tmmatqrﬁéll e & progressively lewier the gemperature of

the ﬁlgl‘? M%alf ol?lglg& Vlt\é/il\tlil}r{%?g %{2 ﬁlcgenagéﬁ% | i egl?lleﬂ, ﬁgv% rate. With a temp-

eratiié HifRf@tal Bétwlel MRS arBEWOR BB 3W04dd Bk @@(ﬁeﬂ?ea@ﬁgnﬁg%late 27, ther-
cool er heat transfer plate , ther- energy f

mal eresgy flawediont wagoe tercooksnrrdududting th¢rmahalhergy1 eway framaﬂne work piece
mthe work piec 32...Thi s .proces onti nyes til

32. ThBtress iR S encubivunE S AREE v B ot Neng ahiermal energy out

of ttﬁ%&rﬁYplé’éét 32 Bdual i RIVK oP 11REBaBénef %’Jﬁlltsof{tﬂg hEhi@Veler 40 condenser
thermal energy out of the heater/c er condenser

16
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In Step J, as the nmachining process noves from
WO owglos3egi t o fini shing passes, nuch | ess therP&l/US2007/084506

.%neﬁﬁ%ihs generated by the cutter so the flow of
coil i AIAYSPhEer gy into the work piece 32, progressively
t apgr fyf ' 3 . pLnues
o T el P e R EMR L s OV B ERERAY 16 Pl Fhsses, much less
thernwd keaergh éapereracts be thepdusttesihe flow bhehetaall ederdyi8fdME work piece 32,
radiator elenents 43 to the heater/chiller 40 until
Progressty Frétqrf?esmultaﬁéo%b@ khepmakenenzy ¢anjiagessiel fbaw filom the still warm

.OF- - ' t [ i, nt he t
o E RO 30k 19 By, BN S o
the héetet@itldr 0 fokivkid ©Rpeiahirs o theastkRAck 32N8oves below the +1.0°F-above-

heater/chiller 40 is al nost equal to the tenperature
set péint. wéit khipipeod, B2 twhpehtuegofitle bighuksdrmal zenductivity fluid 28 circulating’

differential tenperature her eby progressively mni
throlgh 1R DR PR AT e PARAFY AL ) 15 Agmash pavab st e temperatre of
I J; el j i iquid . ..
o ARG bl S MR LRl Bty i
mizingdtansfertilg fhetmal eatrg§BRAfthrpoltialh @atkining is Minidhed bdbthe closed loop

. to maintain the tenperature of work piece 32
liquidssepelaten Gsiqoe 1ptcoptingesdpesitcnlate ispthetre) fluid af 68FF fiom the heater/

MO, i ece .3 asses. i nspecti on he ¢l osed Loop .
chit P B B L L G ke S0 R v G inspeged
L. 1 Beep KNafterGHE wotl pRESS2 hssERASpdMbE Mh@LIRO&H loop liquid recirculation
separates the 15 work piece 32 fromthe excess
systetoVlétrainip iseshot o] Steptlep T filthlecur-atiipass punpdd whizhullmost separates the
ff, t Iie body extension ,EZ i S, rgsgl anped_and renoved, .
wor]%lpéeﬁe ﬁ’ zom t%(eh EXGR5T ROYde Batesial, Stpp Me nlhsf Yachyy Ruminhis shut off, the
X . . oL, 0 _
o TR 5 Ul PRI TS ep N, shEh o e @ Broken-oft from
the mhandngwldvetdhyupperthight, 'Kel 0. pThe StcRps &bve?dﬂﬁst@cﬂ@leﬁtdv@ﬂ & unclamped

met hod for a horizontal work piece is show in Fig.
and yemozied glong withwny romaiséna ovpss St Bf the wor k pi ece 32

' ' th f dat
s PR B Sns Bl S el Pk L B Bt et In Step A7, the
bottdieidel Amlte WOFkkpiBéceIRisIgachteld TR efsdl@is B8 rdfeRnes détﬁﬁhsgrface for all

work holding systemw th the bottomside face up. T
subspysint pusfaces tones aghinedk T32 blakt Wer medegiRed 16yded flat on top of the work

' ' ' [ B' .
ol R AR S PG SR s SR B L
iohtBhiBS & . i e ) t I 7.
L R A T e
drawf thatworkt piedegh tightdly sgahet hhe Bt pra@sfer Plagesvarc ulThe RUWPupidardly facing

«w Js . turned off, the side clanps are rel eased and the .
botipht ksifk Ecwashingd Hategraight and smothuaMtRP K81 dhegaeyen ernp 44 is turned

o, R B8 BT R L Rt e
SteptBUCThagotkhSietOBHi1@1d206Y faéd up TORP VP! kyvithi tBE BlaB&rdisht smooth bottom

t hen real ]La(gln_ed by reti %Et ening the side clanps, Step
face pouchipg dhe/belding hedyp 144 he svark preed 3B acthen mealignedSheretihtening the side

h ' ' is 30 d . .
R R 0 BT Re ppnbr
turnednsh ton&EiatibRNy Gd/dl'tﬁﬁ wae picBeuliehdragd fﬂ'a@lﬁﬁ%ﬂg r?gg\{hﬁ)gction cycles are

the work piece 32. The tenperature contro
perforpet iwithogt segingrthe cwfls piede $2r The tenglemterei dontref &fdemachining sequen-

to Figs.,1- 3 are now repeated as Steps H - N . The
Ce(s)idgéféﬁ’%ﬁ 9E°Yes‘8tfﬁ‘%ﬁ9ﬁ? ek o e veirpeaed psSEepp AN of
SURRI Il &itRY VRhS Rl G008k L8R E shstem is capable of stabilizing work piece temp-
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WO 2008/ 063991 PCT/ US2007/ 084506 erature on the fly by
heating or cooling, as needed, while nmachining, as
W@ e®a/06399t he flowcharts of Fig. 3, Steps J -PEIr/aszo7/084506

eragtSon e e S Redting oniaphii e BREEL. A FEhglce 86 s in the flow-charts

£ 1¥g! 8 §@pd XGRS FRAN LR | MBI i

° cgndensg- tion on athge.pgglor rrpg: I@,ge {eﬁlgg%@i!—rg?grtrpera u}r%gce’ the entire

mag¢lsnabdse calddvenkqligie Hotdisgtiseirai qgnibkicontid]ledad gesieat dawanted condensa-

. tion to fornh but in extreme humdity conditions

torgpn Bt Riograllnithe PYE Sowrdiurg is reieokibenopsh i causersignificant condensa-

. r r r.ai L eve . Feaguce .1 .

o PSR O R RS SR Pl sy st i e

perdthe @htherrniséd wepreten otediubd ediRleARYioR ehad hadh@dicdefMNvith operations. In
the machi ning operations. Ordinarily, the system

the pHgmpave, tdsbymiditiens mayi by eadh adiacsnt thermaghéning toperatides|Ordinarily, the

s RORE ST O e L L B e .

I'S A Guidhér G ahtagkQ vl ' ' ; -
whi'ch cause ¢ ﬁ%\gt%t e rg ?ﬁﬂ%ﬁfgﬂtﬁg;{%ﬂfw@gg@ %(%K P géc(): ?JI ;i/l agifp %%EF m s to quickly

dantpoalyt waek peass i3GrvilRatiensewhios tayse ehattab|The fhotfdee Bader 20bady 21 and body
The

rigid material having a high dapping property. . .
eXte@a‘%iﬂgﬁ 3rf yqst B@g?fiﬂw %}e;dr%m add @taéerkﬁégéwna@ high damping property.
ri . r . . .
TheS@’rﬁgﬂgFe}ﬂrlf{)Qeég?;eg@towﬁegtcolﬁére%g%ﬁt%%lg% %{eégﬁﬁ%pygggtr%aeteré% lthlng the required
propantest berthitds @of intentiéd@, bt esleadnd tRersford Bidlitehgd BratdrdaITEA suitable po-

concrete is available from | TW Phil adel phi a Resins
lymesoconsress isopvaileblgiipsmaF WP hilagelphim Resnss{Caspogation, Montgomeryville, PA.
: ks - er| tegory of  pol r .
s O DSl e L o 3 Ao various

namieR\Cincldiding MAYGASET. Ofnskifkd i 8ffs hitatWillSre@dg@@zehld class of material as
recogni ze this class of material as having been used

having hsgn aisedh e basgp pod tsupparusitustess farmachitd toels, podeision inspection ma-

. Preci. si i nspection ma-.chines, optical tables,
cnirgh o Bl e BRoftPE 56 BfiRr-BRieG A TE aibr s and benches for
laseﬂﬁﬁti&ediﬁhﬁ'ﬁ_}éfeﬁérgy lopa&dl reRhichSHANAVEH BE-RIRGE IMeyPRIVeCRt been used as
resear ch. wever, heretofore they have not béen used

suppest baliesuopand dipesdliy ds comgactarith workauedey. iThe puafitraast cladstofi polymer con-
wor k .pi eces, The preferr cl ass. of pol r con-

cretgiigh B G iRge VPSR hapi ighrauy by HE sgge manner as zero slump

con&eRf A Bhahi OMRmeMntRGei SR Re H@t"ﬂ"&fnsﬁeﬁﬁ@ el'hcboﬁ{r{h‘gggion loading (but not in
concrete, as long as volune and wel ght are not a

tenspongt hai axdompressoerspersh isomldr o@dénsg, frirzdgraimett Méehanite cast iron.

t ensi on%,, [ tl has a conpressive strength simlar to, )
denSEMAIVALIYPRING YSRBEHARY 08 Witked iR dhe Prgseldr Wyentian, e.g., integral
s 078, B9 LR R S 380 g e e
ion far hoddipgimetrk eieces.t NOfBedassti piad mal depsed i aGgofidRACKIth vacuum hold
with the invent- ion for haqlding wirk pieces. O,
downg, 052BY cyphigatiefyolBessHHEmaHYeSon] unct i on with vacuum

Sec%‘?ﬂ Em?ggﬁrﬂ&l}f Rgﬁﬁ@ﬁﬁ%"ﬁﬂ&'lﬁg Lih i3 aqlfd. é%%sﬁ%ﬁllﬁtéeﬁ%gnsaptz{c\e/ %ing Spars:
y L U LU 1V
As $ethid saegnd\embsdiarat VY thg iiSRatisn, aslsteptdhe Sref@€i@f € Figs. 1 - 4), all the
enpodi ment of the invention, as step one (referring to _
worlepigges, meluding thgwing prar cherdgdp rngthsceing Wehe S cire gonsissently machined
B . - d . N . ar
by B e AR IR Bt oot el BB g
daipFig. 5iandtehesn Mlenod KoldingCssienl @icoafisued @8 n liddthermal assembly
Figs. 5 and 6, an inventive holding systemis
fixtwrgripi mantdn aecusie ineshmeatedligamenindl gachfindividual tieb 52 to spar chords
mai nt ai n accur ate nechani cal alignnment of each
i ndi vi dual web 52 to spar cholrsds 18
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WD 2008/ 063991 PCT/ US2007/ 084506 50a, 50b and the rib
posts 51 with flanges 51a, while the tenporary
wo a®8e6IPs 54 are automatic- all y i nstal | ed byP@ruUS2007/084506
Fewer than the

oS HRTRL 0 6 RSB oty Fever hepnel U
allyli ﬂstalzédj%%ﬁ? aIBQ@taﬁbd R’CLHI%CPAEP gg)@ghc?\?@r Fewdd H‘%ﬂttpﬁ ustfhumber of tem-

are secured
porygdbkienechihaeltensiard t¢ boldate pystd foetht hebrad sﬁaﬁ@'N(b’tl tise/$par chords 50
5 tem 26, 27 in the upper and | ower work piece holdln%
a, byl the “@hz 92 apq sechied tyHbe wespaabLhannRlplend speled bl dlakthermal cooling sys-
temsﬂio E9 L?q#)ep- Qﬁc? 1?'\%\{ %\Q)trk }él%c aflﬁ@}nrga odu%%r[ﬁ#f E‘raélgl tg% moveable work

pi eces* I so
plecéél ba@l@ Hﬁ?}fﬁortfs SgaThis ¢Svenale ARBMBR! appaiatR Gﬁalﬁﬁ{m%@%ﬂ@pleces isothermal
variations. The vibration danping property of th
andpo|pyemise aignoreat ecgartiess exitioynipal owi tders tanp@ramteeyarlatlons The vibration
r epeat abl e nsi oni e fasteners by the
danigihio eopE P tpoﬁi!i‘&ﬁﬁ%ﬂ’é%rete?al’i‘%eféE%BYIH%%CCETaltW?P&@@@e tensioning of
the 3tehBS lfj}rtg@ﬁutgﬁlagﬁ%v%pm%hlff&r efh?sf r{%@@dlﬁ‘l@ﬁ@ é]ﬁllungggon the order of 95%
expansi on changes caused Ient tenperature
or ngew oftheorosinal ALID extiangjby phalgeachilstd btk aathiantageeratire deviations.
th;§ enmhodi ment _of an |sotherqﬁ mork(ﬁlece assenbl y
£ 1 YASFORIG ¢ Bt B Phirmhedimeniosl o tsafhermal work piece
' 9 I N
assd er%gﬁ?gf?g s&@e@ Q{J% g{%glﬁgﬁgﬁlé%n glthz ﬁ?[lfbp (g'r%lgb tlﬁlgféﬁ%o &8 the costs of man-
ually inptatied sempaatyahck Re@NGEL andhetiptotlehitic, iBptiRg ma@balzémoval.
is held in precise vertical alignment agal nst two,
paﬁ?@%ll 10@1;51 alvsmsé?vebai%ds helden pregisegyesisal alednorans amt two, spaced, up-

per ng(P o‘%l:' C\?m r ala Hc’o??l Q g?ﬂ éﬁqgclggrggaist Ohe’-lé) n %ﬁ@%ﬁt}t F\ﬂtél wing rib posts
51 elrﬂnlﬁi Darples tSMQ M@Jaﬂéﬂ MRirtNdOVRH theliehgth g tROQiGS l\/?alﬁj“%ﬁ‘lg holding bodies

21L, are | ocated al ong the upper and | ower margi nal
leje@@e?dloﬁret lneated algngvdis uppert andriawver: mmgmazl tdges ofitdredving web 52 to main-

BRGS0 e BB LATDES, e e 508 Dm0,
|
21L2:>9g g%({‘ugesd gléﬁééseﬁb}gﬂéjse %Sg&hlﬂ%esgd%gir}%@ @)8‘3"63?1{1@ ShdREdrtarity. A series

551kt i zSﬂ}hE(lséeyFlgD@)atﬂ Irizotitkl I alosrkiblg vkl Yo RligimBidysel&héhts 55U and 55L
are secured to the end walls of the base 20,

and
are %eeulteﬁé%ltﬂ spdsvallsrd thgybass ﬁ&b foythemeelygseandhepiinaly.p tkg spanning upper
or/a (i eog%g géﬁi\(%l%més 139 I2?Eg)lyesﬁd§1;9 lljﬂgfs]é% 9%0 ahgae‘l y 1n]I<Olg 6).
optPr&Bablyybutioptidhallye as bt BIRoME Jfiike %ﬁbh@@ﬁth@fhdcﬁﬁg body assembly
hol di ng body assenbly 20, 21, 55 along the |ength of
20, 211@5\/@1@@ thetlengsh o8 hearing vesbs 8 cowEta®essi wihF6vs pexrided. These move-

oS B2 o R e A e e oot

sectRAS 550N $5P 2lre l&%&d@h%lh&@ at&d ab&s?llsaﬁ@e?lemﬁg %eaﬁ&%sﬁdé §f web 52 to
needed to the back si'de of web to permt access

pernibecdessstoehe fstehdes Hndnd their rreﬂrz&ﬂta’rmluxy birhitd the pekuiréd actcbfs The arrow

. rﬁ{qqlgl red access. The arrow with the letter V
withy tere¥ WAIAIS t9oBRECHPN 1 Sh FRETHM CORdtTSt 24 b theyvagyem system. A

N [
plur%lﬂg% E&’e §(§n%tmrt% nS Ql’lH% %a t é[gangf; graggsf&ggag? ijo& teﬁ té %e in contact with the
worle @h:battdj cvbltdr Helieit34s wedkd. PitRC@olaat 28 c@éulzi’t@cmhrbﬁdgh &snduits 26 into

needed, The coolant 28 is circulated thr ough conduits
cont% with §ns ¢3aedibeat wansier plates 23 haldoinHhermal carradteritlpthatrespective wing

B M A —

adj a@én@ PRI SuRD dd s QP VRS of e B cff? ﬁ@it%%ﬁgct tﬁgb}%ﬁ%ﬁ&rd‘é %02, 50D.
the outer edges of the faces of the body

contact the spar chords 50a, 50b. 19
19
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29 neasures the tenperature of each top and bottom

wapas/oeiwrd 50a, 50b, and its |ead 29a i s rouP€USZH0O7/084506
Bot h of the

h this fi
e ERER b aEke SRl e Mo v b pr o
50223011284 fits 14 9§ fbuhﬁﬂ\ﬂhéjégtﬁfmﬁ&o@ﬂ%ho%\}n ifl8his ﬁg&reg Both of the upper
mechani sns (i ndustrial strengt awer-type s )
anddawtr bevtibhe SBOASSE cdrthe holdaipdbodl 2B anf fiftée whthl duty, robust slide
ol der pbase 20. This allows the individual noveabl e
meqhapupms dﬁ@&?tfla%%fetnsﬂhﬁﬁaﬂ‘@ame (sHdey) gast ig|they hadias and urh end walls of the
ra
bod REMP Bt 10 1R 1 B bt OBl YRl T RS TG Bpgintain precise

alighidetitowilu ppeh holding Hods 2l ki sfin ftraﬁbl@&ﬁﬁuﬁl@taxfbo@@ﬁ:t l'l&ﬁz%ntally) against
The fr ont face of each noveabl e back suppor
the pagkesiflenp! e srabaiicte sEopeis itspopiviok é@ssub@equonmpemmns The front face of

e e PSS oo 2 e e
protﬁiﬁ%rﬂ?tbélf \Xlltﬁ&ﬁ an Qﬁcubﬁlesehmﬁéﬂ fh¥ & s?eé%%rgﬁl afe fH‘as{ahl%?

steps is as nmovea ack suppor

55 Asrr @iemqﬂma(mqmnbaolﬁ the mveidthe asedratle meehdd ﬁ@ﬁs IsOas follows All the
a insertion of _the web 52 against the
mOVﬁﬁl&}e 6?%? %%{?P?%% gie TetEratedibnckifvogn B?@dyfe@pce Flaga to %llﬂEW easy insertion of

e GBS0 1y ARGy 18 Sy TR, o el o

sup;ﬂiﬂt&\ﬂStalﬁeEmoW&blrﬁ&t@ﬁ%réﬁiloﬁhﬁgﬁeﬂ%‘élt@ﬁs hﬁtﬁth@%&ﬂf?ﬂ] ﬁpphed to draw the
back su port s 55. The cool ant is punped through the 15
webS3ragainsisthe dacenek the mh‘éeabk@tha@hﬁ@mﬁs &ho erhe&Oalamswmuamed through the

N T S R
bacld/éli‘gl@l Wéfefead ﬁﬁh@ BBthe hf}%d? R iuhE] & %Blgtactts he v%%uﬁrﬂ%%alva@&%m entire leng-

will draw the spar chord 50a firmy agalnst the
th, selithes rvetwmawil efaw drecgpaptlaond Sﬂafﬁrtrﬂbeag’amty tildinfensiohdlereference plane

f ssenmhly cycl e. VVthout novi ng the
Ofthﬁﬁf’?%ﬁ%gﬁﬁ egli’?é%lfe@ ey“tsﬁ%n%}’ &¥5'%us four steps of the
2; z\?@#gr (%tfﬂe %gﬁ?rﬁes \Q}l‘é%o@? & 5etﬁg ?l;egrﬁljon%urt Qe S C%Q%% assembly se-
querme ui'e n(t\e mypeaedyof dettepeps dhdrd B(lld N%ﬁﬂ abére rﬂhpé’@@ 523is installed with

used, as_needed. After the precision bores in
temﬁOﬁaé}/ asrfinﬁléﬂ 54apn<§;a%c‘éa%§hlms§§ rh@vlee lnﬁ@émsdmr:dede dfenthe preClSlon bores

in AR R pE AT el el S b aPR B o EES o post st i
re- mbﬁécﬁéﬁiﬁﬁe veligmald1ng th1§%8 ch¥RY 50LhsF S6b ?9 r&@a‘é@d aThl% allows these
generous gap between themin preparation

Worksplgcp:s tQBanlﬂpeg-ﬁnetdme gep howeabiherbiagkesupiparfol thy nbkt step.
ﬁgre now_ext sd f or war d the vacuum

RS T LS i BT Sk xS aecheryag g the vacuum i
reapplf&d% kee§ﬁ5ﬁéh°ﬂl§ aREnh iR oRBREI 42 1n%?lfs%5t'i<gﬂg)f Ql?emésgé}nlfl 9.
6, these last two steps are now repeated i n Seq
f oRefEhEngmi)w to Bij. #¢ drese lasdiwo stopd atﬁfﬁl\oaaﬁ*lpEat&ﬁﬁksequence for the next
starting with 55L-a and noving to every .
adlaoﬁmdmé’r‘”d%f Faygeble @eqﬁlwppﬁ 3% Sfarfingnwitk §5bra and mOVmg to every 3™ or
I ct i du
1 RESHE A4S L BTN D5t ks
55U dewenid Lengfﬁftﬁ thé b$éraB @ks dﬁ%&ﬁl‘sﬁse@ 3E kncHNO bhk %ports 55 have
have their vacuumrel eased and they are retracted
their Yagiugy e anch e totmaiehi dbe ra@Wmaéeﬂmsahbly machine now reams all
remafailP RN 0rBF PR S falolFe 415t S igREE ST th i g fasteners 54
1ncluﬂl|iig$l@osw}ﬁ&h Qb thd 118 P&!t B1RO&e pir élﬁlrds[)@azg(% iSRS section. It also

Oa, 50b in the first section. It a
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WD 2008/ 063991 PCT/ US2007/ 084506 renoves the |ast two
tapered pins, reans the bores up to size and inserts
w0 b@sloedp1 t wo per manent fasteners 54 in that BEDUBINT/084506

The first set of mveabl e back supports 55 are now
remoy P g P 08P angERcLP Ui deArB G PTES UPda siaFiaBd insris the last two permanent
a L ig QW,
s SRRl R e TRSE 850 B SR R o vende o
wardigadontuush issieepplied tolesmestibish ladipghbntoThefielasSaepY ate nbiv repeated se-

5.nally, the circulation punp 45 and the vacuum punp
quezmalg'r withigk ¢rch maaveable bagk suppgEidfsacson dpwaghe lesgth ef the assembly. Fi-

f upparts 55 arge retracted k :
nalf e S RN By i A8 S TRE B B e Lk Rl Ol s release
ed, @lltofahe hiveedtly BAEK MpbROEH AR R ravicB AL B0t SRMRIVAG MRS # leted

hol di ng system T%?Pd Enbodi ment, Application ‘?%’ © complete
assqueiMyifseemored ot ofitheinaéntivelisathdPanablibratiby daenpingf work holding system.
backagr ound I S orl,cal |y, aircraft, wings are assenbled
p—aaaqaument. Application 1o, kagture of Airera) -’-’4-:"-‘-’-':
par®y} way 6AbdcReronkd NEstofial St Aikd?R ABndVaré Béé,@ﬁl%ledU?Qastening large, flex-
. whol e og)erat.l on is per- forned in three distinc
ibleg eeqjewyed extariot papelsi(calddd skirse tanstrikgqs by esear elleawht operation is per-
| oad ont rk fixture, which holds all work
form 3 re? ilsfipf i

‘trat e rel ative alignment, within 0.030

of ANy §Ghe PNalf fi \%rE g?rlgc%s ﬁx’éqnghugﬁg Ilcf%fde(ggnt]iolr}icggﬂg%%tgrg, which holds
0. |3 0

X axi senbl y. wor s _then.nmanu r.],l. .
{o"Indt fPE esggfyé;flra?mg% 5 el b Do i chon e ¥
enpl a _ A AXBr AR WorgEk then manually dri
f ast ehelesto ingfal thealitst Evd hvostfiallfgssencrotor kmplicegestdfriemporary fasten-
oGl Moo iR DB G oblacAdly Sp It i b

e@l NBuriff stagd DIRE @ctomatdlas y opél8tib&inddt An hdt8matdd rivet mach-
{ack LR aTRcs S BB Bt pe i e Tt e ok fstene
AR i o R A et
adjusg.e oSI.tIO 0 | _ ) o
per'ma Bﬂ‘ﬂi}f’%&iﬁg@’f’g‘eéj gg? nté‘h‘@ &g rSPlﬁgé‘PfgI;flet%ﬁiﬁ;flﬁ@lé@t zqepost staging
3, WOHRB'ELYe ENPATYE ta¢ielastentrs cohpinedved dswe itind awkward, space-limited
post stiagsir ngle @viea intovine).e Theyrponaally insark afidisheioarperdient fasteners
r enoviadhd prenioublg-drillcdaidt, faspae GolekBut etre Blthé B@BMofIsHBation that an
(W nginkxPegich&@d)or fAfaiedRstkal! dovld @a?ﬁafie tA8tnd@83¢ 8P the assembly. Such
]E’Z;t“adh%ligggljﬁbgﬂ%fzosﬂﬂ rﬂ*rﬂﬁ iIBE {62! Yéﬁqg.i‘{lgl?ie%ﬁ&{%hvaetwing assem-
. 20k aRSoRincl? Serabteif stade s e MO Bt L bl R g
t h&rahices of steingdr tb BRinaseliginyent Srtchidrebse@rl Gaiicdife by the invention

stly, if not inpossible, to rectify. Very

. _Very c o
i th@fﬁ’é’iﬁ §?9‘é ajseryalsEr anparaius apdanetbed thakpscusate!s ppadutaing alignment of

d a .t of worker errors. Probl.ens . .
il 95 7 put B N e G s BT vencion i
inate3\tRisgltundaY of BIE tha R HyORaintainihd &1l RS Wold pidPesaSGBEOR Y regardless of
fixture apparatus and nethod that accurately maintains
nomyaj ynkisat tegiperagige yptiatiany Angjeemainingtrieos ieimpeprvreldewatibes result only
. . a ners._are auto ically. installed....The )
in el F SR B R P Lt PrabioneBibing FoilwesT s papasgpus provides
accufid, RépaibROte@idnih N1 6f e FhstdeRABShE 8@bRGaIIBhadhiRar dl ess |
of nom nal anbient tenperature variation. Any
r eKig. diingn pidhelevatampaewtofine inkeutivt workspie@sass¢émbly|fixturierfor precisely
m ni_ scul.e TCE di nensi on changes. . The vi bratjon danpin
secullpg IR Skips PraingsEn SapiRifel GUh GinEeEuiRPHE &7 that hold strinigers 58 in a
precis€PEAE AR 1aRd bR ASIRIBIPSF Qntdud& {IAF LEIPOHS 58%hdtM1d the skin 60 in a gener-
aut omat ed machi nes.
ally horizontal position. Both of these supports are made of the polymer composite material de-
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35 Fig. 7 is an end el evation view of an inventive
wor k piece assenbly fixture for precisely securing

wWowemg/oeldns to stringers, configured with striPQEUS2007/084506
preci se

Se o7 at. hold,stringers 58 in [
serBORRBOLE o bR e Aol pofiRS B BBuvE ol Suporessture, support o
bodyR21t haichhsbelsdif enasichins Gk ktﬁn@er%ﬁg&is & byYd B'Sﬁgﬂ&@ 59 in alignment
_position. Both of these supports are nmade of th
Wltg a¢speerio cactpotbit by metmy ofad pldealit2af $60s FAQB ©39¥ger and skin supports)
PCT/ US2007/ 084506 .scr.i bed above for work piece hol di ng
andygogsduns othatdrgad intgdpserts §3 gmplacad of east inand alenggibotangth of the hold-
; d ' [ i ntains_ the stringer )
ne 6 BBl 5 PSS L BB bl P Bty o

bodyedpeunt skibled &t theairh\@in dayilyTRgsemeit acaltiltharell oY 09&rh8ddPdSpension sup-
61 (in the stringer and skin supports) and cross pins
poriggsseiRBly tPHR&AIN Fedbadigareny degreshgrientasionoThe astivitnalastats 61 of each

oY) O T 5 TR B T RO e

toultSELgRerY indo)igidl SectRAMDY tiglskiBg. ThE bluedlit) Br %IB% @Al dach #Qcive a thread-
easily inplenent a cantilevered or overhead suspension

ed ogeqs-pip62 thagbaestiohidetsctommdteit thersldt 6@ viddywhioh s&rwe @gb a@Breaded insert
orientation. The individual slots 61 of each stringer

63 G5 GriPlaspd i nechadh 24 kP APAG MBI oS i htencd doum the siringer and
. di ' f . oR- Ut of a qgiven . .

5601 SO Sy PP R P Kt 4 mer

to tied sitingeB kugmet ST ankthe ekia supperadd R A skévas quPioth2cdldat the drawing.
has shoulders to natch the slot 61 width which screws

Thepe yagumiqonduiticdt w1896 abovesad BuidconduitMpinaeneh sirmgehsipport 57 and skin
. hat when..t he.cros inis.tightened down,

supifE¥ B3 ot OSRbe S sG8 pBuranSit i FESRwsigli e op of e

skinRuppst SRbhOAER He toﬁop{ﬂérsﬁﬁﬂgtey sifpoMaguum condui ts 24

internal to the stringer support 57 and the skin
supgporeforsotheraoleot catlpwmingere58 and biein $0adsaheif wiehght bears on the plates

awi ng. .. These cuum condui ts_?24 are as above, A

27. i iefon 6! T sk SUBROHoY, e bp BEnG Rasdiospicator 64, em-
e | . e

e RIS PR O S L RP B IR G conng e s

matiskivet saplpoe to 8611 ainsernemd tehkien tigpmeaforithef Gk rtéfp&kry fasteners from the
t he cool ant cools stringer 58

SUppo 57. As before,
fron%\‘ﬂge gféﬁ‘ﬁ skig 69s their weight bears on the plates 27.
Th [ [: f th ri nger .suppori 57..and
T Y Ty
extehd@p Shé bidgOF sSHRRIOSY touksisDinG¥icHEy thBe.-sHaB&d Rt of the stringer 58 against

orientation for positioning the auto 20 matic rivet
the bagk lideeoftthe alin| 60, (Whidewill b éhsidentbi oving lédenmpsenitily isofompleted). The
he tenpor.ary,.fasteners fromthe  front side of the )
heat it QR B Hes  ReiEn 4G podr i i B HOGIBR OF  g2stener rhet) 54 that i
empl8& by h3R&{datie rAkERadiite, 3 Srdel RNHEVAY cleQranfX FR ML 8Pt head.
one side of stringer 58 to assist in torcing the

L- $hapautaindbe skih ih kerredt riipgeentSeitlagapars to thekeidpeeska plurality of cyl-

. ,.Si.de of the skin 60 (which wl| be inside the w ng
1ndrlﬁﬂesrqa]a%r§t%pye pgsegxghﬁq éQ,e}jl) areiqEnedierpplaced ingthefaaiter edges of the top

face B LNC [ e wWth the laocatio

o B LB DA 5, 00 R0 O By G 358 hery ot an

heat anahsfomplate 27 vetharhehioNehe skin QusiRit RN WhIY bPorH] SRt 3¢ Preferred, as
for. the rivet head. To maintain the skin in correct

essengjally ABRESSAY; [§c7]cang espovierssarebliss 1to Apable vacuupi elambingyto the stringers
f le=_ ' | &N roove assenblies 30, 31 are

can s 5 WESELERY BBk STl BB Ge SRS R b 3 s bsaBfeaty clamp

the stiAgdts §kplacs URRBMberaflre g&ﬁir@%&fce?%&sﬁ% hteRfetdiBk OF the bottom

seal around the periphery of eac
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30 heat transfer plate 27 on the face of the skin
support 59. While optional, but not preferred, as

wes®sn6ival | y unnecessary, seal and groove asseP@i/USR01/a84506

~_enabl e vacuum cl anping to the stringers can be used

side phthetski@ &k r i nger support 57. It is sinpler and |ess
cogtly Lo fust. i ' | firingers 58 are the
o1 e Yep o LRLi- R AR oER At 2P ass GO RAEES 1 e |

follotvﬁclﬁig). eTRd etRe QotHchaalbwdikdwldiz® asdEmBROBH PGB SPucture including the precise-
PCT/ US2007/ 084506_ si de of the skin 60. The steggﬁof f th

ly aligned isinger suiphgrinAhand slin PR s Sethigngd §Y PLYRCR PEGepEnt of the sup-

ports\%t{c{({i]%gérﬁpg 0\3’@3%%&%5 629h Y\% EO N GnE RO LG fillJLg&’tiJ‘@d'rftf]fiﬂhously circu-

_ _ y "Support structure including the
latecpﬁtﬁﬁigstﬁé ehitre bdedMH o SdihitidHOAR nSHARPBRY Bipelmés dMAns khannels 26. Each pre-
supports 59, 1s aligned by proper placenent of the sup
cisich pactisedastringérgi® srplacgdchpainst heat piansfesplatats)sdoerd g, top face of the

Next, the coolant fluid is continuQus cirgu- | .

singef g B SRECAIEPASERRISPCRPAP] B gy st Gl Y his assembly.
pi i 47 in &8 e S| fully 1 d ont
e B iy SRS B L e T 0% gy overd n

the MiRE@{poHs 3% asRBowh®ytArovade Withtibweherstatly mopehired @pdicpoled stringers

57. These steps are repeated for all of the str'ngeg§60 h
58 pE@isebeetadtingagainst thedwtiempyupiacapt &y temperpiyge %WWOE‘@ pin 60, the auto-

58 .are ecisely in aldgpnen . in: '
oS RSB B U el A5t et nt v
edge sBhchY 5®WRowzh HE kkin 60TNMIEHBEL [pysities Midiedora8d are sensed through
co0

ed stringers 58 preci selsfy abutting against the L
the fxot-agnesioralwnimuny skith 60 fronpeedtant side of theoikie J hsnagngic position indi-

the auto- mated rjvet hi ne can npw scan far .
ks S e b PR ST RLT PG bl e o
i i | {38cri A0 Patheth & oK pRecRBly dWaGRELh Gioles, the visi-
drﬂlg%g(%{l%fcr)#h?ﬁ%?%g(%rgggg%géegrdgagensgd t hr oBgﬁ tyhe Baet ?es Y
on sySBmEghe hitomatedmveu masking 1@@tes rodhinstalsfpeonanesi fastegers in each hole.
the skin. The magnetic position indi 15 cator 64, now
Uposdpsialting 81l ifagenepsyid vt @P%‘P%’Z%“W&é%“ﬂpé "F%f‘“ ?de%‘i?'s e completed
ingBettik ' lerib) o 4 §JeBial lifting fixture.
winSAGERREEH AL 1 HOUENG h0fer bl | e ing
Fouth Ehibagirhfiet, ApbHEatidn® MahitainSted\MaeinoBed Asothermal:

FadDaagrls, e B g AL PR O o PERNG Rructed from
Variglgsdc%ﬂélifigl%&onspoqoda@qﬁéﬁ’,as@ééy MBI R sRES stddl ARl p@fyﬁneﬁ EBEcrete for the

np Wi ng secti'on assénbly i's now noved to the .
suppK base 9% @t smSlt b dtomesu Hovgevar, Spevirpllarke bt very lénganachanes especially

20 Fourth Enbodi nent, plication, i ntain, Steel
thosyelzarn A6 BABONSSNGPTE. A PG 30}“{5?1 Bedend Diiructural frame has
structural, fra | its vibrations fi
ot UL ATE ] TR 0 5 Nt oyt vibraions o

the 8088k té HeOkhS @R eBhefictistigeThaNGERdIsienkis relaticelghigh, although only
for The support base of new snmall machi nes. Ho

wever ,

abofidral fbatyof] agragpacgralureinym aleys-nHdhe isepesiyeof /1932 St%lﬁﬁ gWucture such as
from30 to 200, feet,in |en tk r . al

o mqig bt dRneciueE bl 9 e BB GERRR g8l e ength and

hensd 88labsdiPWeMRAbRMtcsheedt thaahichigebed or machi ne
colum transmts vibrations from the tooling to. the

wor khip#& embedinyens foff dlast inventipn cpmepripes sork piegs hpkling apparatus assem-

bly ra]g glfggl\éggk\(%r}%ﬁ{x]%ﬁt%qhﬁ%% E)_ec? p#‘ %teﬁrgakc):?ﬁeﬂtﬁégeb?ﬂé rrdltr‘agiaegfn%gess of nominal am-
biergggapéfaﬁﬁé vatiAtHt ¥ roside hetably SRGHINEinkedioplanigesibration damping

o changes in anbient air tenperature, this wll .
funadnesitth¢ meehtérgphamny alsodwlns to hreatessusiothls mashiagd ssrlepiece surfaces.

accuracy of the nmachi ne.
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30 This 4th enbodi nent of the invention conprises a
wor k pi ece hol di ng apparatus assem bly and net hod
wo bas/osmpnt ai ns the steel bed of the machi ne i BOL/OS2OEDS4506

regardl ess of nom nal, am. biept tenperature vari.at.io
t oFjg: 8vib g ené yieat H!ﬂ"?n&édﬂt%ﬂag CIgS fpR ﬁg _a%ﬂﬂgal 3riz0mal sheet steel

| brati on danpjn f L.Of:..Qf [ j
bed ﬁ gta H%rl%ﬁgl ﬁpﬁ?&&e} g%lr}tlgusgﬂ% 'g?ﬂ}ﬂ% r?r%aéc?’%ll e el 'g‘%\rl\\%dlpﬁle%ﬁﬁﬁai ecéﬁlﬁh&lés, etc., have
beenSiHhE & clard3. WA 2RES/AA63 98 sdpabid SBA0HE10iRd 5P8erhs glaciB:d one on top
Is an end view showing a internal cross_secti

: n.of a
of edchpitizalwitiothe botpml systhBcnvetede PPsigrsdown. Brese atpaioteg 4 each other and
spi ndl try.style ml}li g%ﬁ]i e .
to Sl’&ﬁhftﬁ}%eggﬁné! ggs%[, 18¥V8r ,O(ha@(gd Pal! h%ot%e}{ﬂ\gegfégg)?)'ay. A plurality of heat
tranﬁé@lht%&q fOWRInNHE VA 288 6f SeRALdiutar Waspeddbtiiedg42 are now in ther-
systens st ackéd one on top of each other with the .
mal beithanmvisly steeshebtnsteal thed  71udsi deatickdspindiphgasndryaitde wajllinggmachine. The

h h h . [ .
e e oo FLEE B Dok ke 72t

Pl Al t ; [ QEAbRGARe frame/support 70..

mlzgc:)%‘ﬁfot?ar%ém%/’safgiem% ﬂth]Oéﬁ E}%@%ﬂ@% ﬁiﬁ%ég lgh annel s 4% ?ﬁee SHpPo
NOWTh& bbieRob Feves ant dist, Wvidr itdibersiabend stbeaionbdanping system. The
of a vertical spindle gantry style mlling chine. .

coutttrmunliaughr ekt B arpistei el platoibie hobigt By et 1nd single tempera-
directly between existin ed BXl

e b s B S B PR M ERa L ARl g e b 71

Addgt&nﬁﬁﬂr{h&g a@alg@f& Bikgith lb@ BR{SUPResttd Ve&uumlédndhies Dbatyd outer resilient

serves as a first, lower isothermal and vibration
oylistiaiepl seglsHsinelm boFtoen faco tmbalp seanke thabedyinthdieasalzgnigeewith bed 71.
:,t @feggécgl%gpgﬁs?)ﬁ}%gnélg\ﬁgrg{;i&ﬁ Igatlrpéi%gltsgsgeérg %gfl}? 30a f§ essentially a copy of
QX ! Skt L& BNk iudRe plarmey af dbetekunk through
the fcﬁgerg))égg??.ﬁ, K%Qﬁﬁfﬂ?ﬁg%‘i yg,1 tﬁgr e 1ar‘cle al s% gmﬁ urality
hole@f23s4#idt tAb hivud] eaated cormtuits R4 ambbdat srafsferapldtes @7 gp hold and contact the
resilient cylindrical seals 31 in.t tom f

he b ce to
workeligses 82ur32bt hEhusghg upprr Gne Aew g0 issrtae SOB AP t9gether to act as
. 15 The second, roi [ i N danpi ng
Smgi"y §1tgé9ﬁY" B ecfdlé}ll‘i?ég 8&d Zérzotdpeg y SMLI%{)%&O?L the | ower
Fifth Fhb afhenb Uk pilidaidh €6 14dthétm A iCHRlinp of hil ihea Indastian Motor:
raltty of countersunk through holes 23 and tgg Si
us (Histoviadlu machimg ipels asmoygedlingadly by elaelicrotaly QF e motors. Since
to hold and cont.act ie . 2 T .
s e oSSBT S PSRRI R S i s
wastOR8t B&idubRdash RS fradib @ kiR, midhghetovhr Rhepireamt b hetg rgenerated is relat-

an isothermal machine bed 71. 20 Fifth Enbodi nent, . :
ed dipptly tahdwmuch chgonthis Mmgﬁjlmqgﬁgh@mog)rﬁ.i Adarge machine tool can easily

I.nducti o or: Historicall ]| -
AR St S0 P S0 oo
ate PS5 400R0 BTE FFWdsRthedRe hadteThisWadRateambeansllysdifbes the frame of

romelectrical, I2R thermal | oss, which gene_r at es
the washiee helith dotwiudegraddsiborephaialile apmrasty g s CRepngsd thermal growth of

the Ey?a,%lhi@pr gﬁq %ﬁoﬁgta;qq%{gwq g)gfﬂ}egﬁ?/eer;tgvtefe\iq@{%ﬁ?{g S%Iﬁf)i_gggﬁotthﬁremal work holding
sys-i%xtx ?x&télg%@; Lar e BGh HDeE AbRS fropfthe R irbnabefs@Ahd Bndar motor into the

notors to nove |arge gantrys weighing up to
frarR® o HOO ndohineamd prbreyvey elmeabsolmteeacautacy af themagbing@dgmyent.

of waste thermal heat. This waste heat thernml| . .

di st BFes9 ihan eRgpieveion YIpw %gm%%ge%qctw?qrﬁﬁtcaﬁ,? section of a typical
indegl g i h@is TfeFa bdieREchal li tor appli-
lingpp Pﬁ%fﬁglafﬁ%\?&dhﬁ@?%?%&nggﬁ%fﬁ%%%e Sth enbodiment of T
catfoh Sthi BYEERINAE iAddire frome S8@npp@is fixsdtieanmils 4Br Khe linear rolling glide

hol ding sys-temintercepts the waste heat that flows
fromthe el ectro-magnets of the linear notor into the
24
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30 franme of the machine, and preserves the absol ute
accuracy of the machine alignnent. FIG 9 is an end
web@sasioon vi ew showi ng a detailed internal crBSEUS2007/084506

e e ATl BB TR S ks o
top hgﬂlmach%%éme f ggoﬁéa%}p%lg%nvﬁbﬂégupf@%ﬁmﬁr{>ﬁm1&%3 to the top

u por IXG rrarls Inear ro |ng

of thellind® roRh oW RAHISLKOSB R bofRGIdddS2A dndghedkb e ar bhmdes 93 9Provides both
roll on top of and are held captive to the fix
positidmararveleity @ dfjtheitetehd!f maejise fome Sthwith f%pe% A@ ﬁhe bottom half ma-

ching B chl g‘pﬂ %@ﬁ?%ﬂ%’r@ﬁﬁ&g gltlezgotpc%ﬁb B{?flf,'e% no%r ma@let%SZ and the top linear
motdr! n‘[h%ﬁ@ts 53l %1{/5‘ grraldstendat. @é})eﬁ&ng kR Borﬁlgﬂ@&mn/%f the linear motor, one
magrnetic |1 near encoder

provides both position and

of 8v@&l 83cik b ypetadrentmagiee uhio pnmdiefotlmamm@ecftrcamgm Wi th
respect to the bottom half ma ne franme 80.. | . .
nor ﬁarhl%e@b@dlmﬁt a5 A He BB PO FAEH HOLBP Hadhars disposed in

Yi€is BB1 82Bshectively. T
i, POl P G B8Pl MOBRE o gt 8l spsbeivl. o
and HOHORY tenPeeaturefseBdre 86, 88 menier fertempanturesagiveth setd ¢f raag,hets As the

the other is an electro-magnet. In this enbodi nent

waste bpat@qderb@dtbmﬂm m@gfma; incregpesftheir Wreg4he heat éxfa@sfer plate 27 con-

oo SBIE Wl R RSP IR BB o e i

therrflrﬂ %Qu&%ﬁloﬂmlﬁgﬁpeTﬁffs UL RtS RS Q4 &aﬁﬁerr&ﬁvifzmtﬂé tfiid t:bhﬁdults 26 to the
tenperaturés of both sets of nagnets. As the waste

closdzdelabp ganenddresystyn 16eo thegrates/chiller 46 sdwre theiwaste heat is transferred to
tran e 27 con- ducts

nper.at ur es er, pl
an e’%éré}@]ealh@%t W@lc{eﬁg B‘I‘i@‘%fse? bﬁsa]f"gvlﬁél ement 43, which

u ts heat in to the high thernal
Indds{h Aot id 28. This waste heat is transferred
Vi & ib RReaf thak dld:mndtmxteSWBﬁtlbm daimpingc isoﬁednalowprk piece holding systems

circulation system 16 to the heater/chl E’ 40 where d
and miehodastill Heatvide aPl?léﬁ@ré‘rl’éY oindgy v <aly BF qglosage and precision

equ1¥1§grt&sntq ultua?cq%prg]ﬁ ﬂ‘l g%r V?I&?% g}%:s?ez%r dﬁ%t tlllllnlng without liquid cool-

ant doRVROAE MR WoikN Sikée) ﬁhndﬁtﬁliﬁtmorld pietdhetanat, m\mrrklzps beight differences be-
hol di ng systens and nethods wi. |l have wd

tweeam@nace@ttfppl pzyssw whird i g mRpEzes dh%wrgfemﬁ%loaefrfo%rﬁa%@at is the ma-

| si_on f h
dﬂnwﬂavg dngb§?§ﬁ1 o%ﬁ r%“ﬁ%gﬁﬁﬁ%ﬁgﬁéﬁgﬁoﬁﬁbggﬁﬁl l%og¥ﬁ10f“hwh
havez@le MltenfigiNoR Glidudthgt Jh@as%ftiﬂﬁc PhiRGe, VaiBumoaHicatshs witki@eahe scope of

chatter, mnimzes hei di fferences be- tween ..
this adqeatmcﬁn tart bomagaby @se ohkirdihary skillinrtherari withaais depasting from the spirit
ntration.of stress. that

thergg |aﬁ‘ G RdEe F’&flrmbemlgnofh‘g? I&xgv%g{r?% 5 thsrefore to be defined by the
scop%r@fcjﬁien%ﬁf%ﬁ@ecpefaﬁﬁ§ la@Nsrhally G ethe BRIR Rf wWildi gemithaue in view of the

he pot for inducing catastrophic failure.
specifivation & med bé.iicetdiops full tanign of herent epdfigfire eghivelents thereof.

i nvention can be nmade by one of ordinary skill in the
art without departing fromthe spirit 25 thereof and
wi t hout undue experinmentation. This invention is
therefore to be defined by the scope of the appended
clains as broadly as the prior art will permt, and in
view of the specification if need be, including a
full range of current and future equival ents thereof.
25 WD 2008/ 063991 PCT/ US2007/ 084506
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CLAIMS: 1. An isothermal, vibration danpi ng work
hol der apparatus for precision machining, in a
wore@Rioss®9t ool havi ng a base and a datum bed of P¢ii/gk2007/084506

Thermal Coefficient of Expansion (TCE) material,

CLAIMS:e reduci ng vibration-induced i naccuraci es or
def eqt s., reel.si ' : i
ey gl B PaBRARRUK 113 opidul S PRLHon machining,in

a madBind t&d] Mat@etadhis® e otatam bd afadgh MeerimabCobffickent of Expansion (TCE)
subst anti al |g.y isothermal with reduced vibration |

matepiab paljlet fedncing onprefien-glucerd inspeagies ar delesisn Hrj Rypcisigy assembly of

. east one. vi brati.on- i h e -
nigh R BRIy G B BT Uy el B4 R oaiine the bed of sad
mackihCE ol ALY RBstARANY Sdotieerival Withakdideg WEionpidREation, comprising in

configured for accurate, rigid 10 structural support
operatfivevribimdteoes f or machi ni ng, assenbly, or for support

of a chine toql bed; .b) ;a vacuum hol di.n stem .
o TR b B i o VAR 9 Coctticient o
i Kiah BoBY ndethtRf ORTgured f te, rigid
EXp%g{soi%t' or?)g)?%%g?@ggwmﬁé% pi elc% MH:?I g bei ng rrgélcr:ehi no;g.ccurae e
strucdiiral apperbF edrk pipcatiot madtiniopeasstabipair foosuppear 9dgenashine tool bed;

heat conductive fluid there-through provjded.in,. 15. .
B oo ot oo S e PSR work hoing
' i iR BndPiveAEpitte whak Bei hined
bOd})An%%EFﬁgelb' gg‘?&%%ﬁl %’? b %tﬁ{sgg)gtgé%{ hréat t r%lnsef er pl gltng rachinea of
assefiddd; of hi gh thermal conductivity material provided in

associ ation wth said channel  disposed tag b . .
b helaleAgcNerChanRg far BATHET AR GREGREVGTINA Sere-gyeyeh provided in

- tion of said ' : ' | 1
i PRSPPI Bl R TR g S 5 Lot i o
said Redhsehsdidadi al 'y i sothernmal while reducing
error-inducing vibration propagation. . 2. A wrk oy
holddetleags pas heaisransfer plae made %%\Axh therma] copdessivaly magerépl provided in

lrcul ati t i I | at. 3 [ flui :
TR TR S S P 8 v
a pdE&t bPGaiarwolkOpikéd) BrSsaidnfabhihél todl tednpemaintyie sa@nsork piece or said

di sposed in association with at |east one face of said .
machine kodh bedisulgtantiay wathermal ovitileapdupjrg erarfinducieg vbeatien fgopagation. .

sai.d wor i.ece or said.machi ne bed.a 25 4.1 . . .
pr é: SAélwé?gi Eﬁlgers%%Piﬁtqsé?F “Pgo l?f8€ l!ﬁfﬁucie% ﬁg@lrl%f iggylation pump to cir-
culattAhdE condustivé MR ‘&ﬁr&%{l}dﬁfd ARBAEIAH URatdsy hdtl EdcHn@ device for heating or
wherein sald body nmenmber is nodular and CO!‘IEH ses at .
coolimpasiid Anal, actempeaentre tsensor dispdeedaiocmrsationi with fab teagiopte face of said
pi eces of different, sizes. or.shapes..4. A work holder ..
work plings bty 2 arpogiial sy fos Peaine s e et RIRG: % %%?d machine bed at
> i Ghy i |t pORRES vAIGE ST Ved i n
apr%%eﬁécgé;ﬁpsn |¢1hg]%§}é}i ﬁige?%%veelgspr ovi‘éled in said body
mebea. wok Wlderdpphatders iapmbama? wéeasn isaid doaly rmembri is modular and
i ncl udes nechani cal cl anpi ng el emsn(gs,. 6. A work £ dih .
comprsagext leaseaneatQiapanent 19 RIPRKFmAAcaRPIAUAndgs woropigees of different sizes
Orsraeg‘soer is configured to hold a work piece in at | east
}6 € 'position of a plurality of axial orientations,
i nal ydiwegk UeKdet §aratu?s MOIZA0BHMERAOhid vacuum holding system includes

PCT/ US2007/ 084506 , Cy e
seal members received in corresponding seal grooves provided in said body member.

5. A work holder apparatus as in claim 4 which includes mechanical clamping elements.
6. A work holder apparatus as in claim 4 wherein said body member is configured to

hold a work piece in at least one position of a plurality of axial orientations, including vertical,
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hori zontal, and at an angle to the horizontal or
vertical, to permt machining or assenbly of work
wER@sme3dvn at | east one of said orientations. FCT/BS207/884506

hol der paratys as in.claim2 wherein said heat
norigg i paf RSP Petete Vbimispp et (iiitesS ormaf e Hame o agsembly of work
piecBs WoAtHe APbLEST BRRFAlMSn@S 1N claim 2 wherein said

heat transfer plate Is seated in shoulders in said

body Aaiwvorighelder appagitusads iaddmes D whsedind s4ifl lneat tchmfenelate is made from

10. war kK hol der apparatus as in claim?7 wherein said
COPHE &Y 2t A Per plate includes at |east one fin el enent

23 o8B MIAE S EIES ) OGS AR AR i e

shotildan $i edid bbdy stehg engyinhlbgigds yf add Muidfchammesai d f 1 ui d.

10 11. A work hol der apparatus as in claim2 wherein )

saild- poIwerkhoddsrprarets ghik elagn 7 whepeingwid heat tiappfer alage includes at

. . p r . .

o B BEAEPOAREGAY o ) Bl GTRLOPE LML Lt v i
fluidvdl éfficienty ttak@SerahdlatallBndpgrapidlptondrdiuni eaitl elakd. nount ed

in association with a body of said polyner conposite o

matlér Aavorkdiedides apparbiad ab & elainh2 whergie daid lodnagitdoaipogite material is a

Isothermal by at |east one first heat transfer plate.

ol sESREE A e dhs b By S s e b AR oA Sisn
and 25 Al o HoYdBR p SLARO 84 InfcliiBd £khadh ihQIHELSdMthRRHI0PA machine tool
propagation. 13." A work hol der apparatus as in claim

moubgedwineasedomtan Wwitl g tbody ef waid kohwhati cegiposityy miateriahwodtseid bed is main-

wingl o lstilG PhiErhdyAtacsshine HRERRE sfnt Mofifisisp B uimate ther
mal COnE@TWitY §2d B ABsaff pdTRAL (i sAP Rlafkia PRIV vithon }t)ropagation.

wor k piece, said work piece being in thermal contac
wi t1B. At wbekalsdldemeppamosng iheddimt t2andbein pl labe ome wdrktholding body is

heat is .20 not conducted between sai.d bed an aid. . .
moq%e%wbﬁaéi &aghinedgolibsiiPisuppat @ W%rirpé?% saich gag% Eslélgaﬁtermedlate said
Lall: ' ' : J L | . . .
bed S e g i P of BN gp sad work pice, seid
work péace lbeing iaahraneodntactfwizh bi kestrone rsdewaidi lasat tratisder plate sa that heat is

machi ne_tool apparatus to reduce thernmally-induced |
not ¢ridHFled beiierp Aail s grésiA vigikPischaRd erid 89T pices i mpjntained substan-
tiaugﬁﬁ%ngg%ﬁg}t ﬁgﬁg.hl ning work pieces by tools powered 25

y sal chine tool, conprising in operative

comh patis@Rernay), Abratie@ghmping iMéddr o icosligbaapixed or kravéling component

t hermal conductivity, polyner conposite body nenber ]
of adinepi dreiipremoton fpns eraching topleappriat thaadune therawdlytinguced machine
aimsE0EE ot LS ka BbRVR Pl HERbERE sGRPEEs vybols powered
by sBdNAHRM 1, cippisihd eI PerdiQe¥o@Bindtib@ce t hereof that

mates wth at |l'east oné face of said |inear notor 30

corapehéast, onk) vibtatiopedampong lbwathernrad eohductiyityt polpmde composite body

i gh thernpl canducti yvi terial provided i.n..
e B B e L e e e B o & tincar motor
Maipphaldadond carhél"RE abasE BRhefUohaGkivY lld Aherb8&Dheh provided in
a portion of said |inear notor conponent so that IZ%
said hinsdrt dpedgroat e datry tieadaf thet oratdsswith nd ulets done2fact\VOf said linear motor
2008/ 063991 PCT/ US2007/ 084506

component;
d) at least one heat transfer plate made of high thermal conductivity material provided in
association with said channel disposed to be maintained in intimate thermal contact with at least

a portion of said linear motor component so that I°R heat generated by said motor is conducted
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to said fluid, thereby preventing heat mgration to
t he machi ne tool bed or traveling nenber. 15. A
WOreaos06390f nachining or assenbling wor k pi ecesPCT/US2007/084506

- i s
el sl il %é@ﬁ@%ﬁmg%c%@g@gﬁﬁﬂﬂgﬁe oot

ri ga) dloading (atvlzkfrh |p18:H o fatvilerhtisixdainpiag Klopi tBeendl anductlwty, low thermal
h|n|ng, or assenbly to at |east one_ other
COCE? 0 6¥P@S%Pﬁ%&?@nm4@ ‘mrkéwldlﬁg b@@pmengbeapmg‘rg@@ed for accur-
n
a‘te,&%@c‘lﬂ'I Eﬂﬁ}@&gxfagg %gtg(? Eﬂ{;ﬁg%g fo? ichi n %ss%?‘% @y {0 18ast one other
kaquﬂpt with at Ieast one face of said work hol ding
bod and 10 c) mai ntaining said work piece
tckamning Faid vensk ﬁ@eﬁm pigpethealigned pasition f@lﬁalcbmadrmlng or assembly
t ransf er

wor.k .pi ece 0
by %ﬂ@a?%g 35 C R T R PlorR i S 3o Bl o with ot loast ome
facd dTaaiBNokIdIESE b¥dyt Angai d work piece and in
communi cation with a heat transfer fluid, said vacuum

cl @&pnmgtam saifl rwgork rpiengi substantialky isethermiahthiyrteee transfer out of or into

said D ese B ot QR Y o Bmo e R ies Pl &idB8dy in intimate
therftfal ESPAASWAR shitCRhriaptcy iRl ahi @hridusRed \Qitﬁ%nﬁea(? NBhsfer fluid, said

errors are reduced t0 permt nore accurate machi nin
vacm adanepihy yasgistingaind matrtkinirigeséd itBhaté: thetrtad doataci between said work
. cIaim.g!g%fhlch i ncl udes the steps of: a) clanping said
piecgand sy ded hagsenpathaRd usi ng mechani cal cl anpi ng
ety %&reb@ﬂfék&&l%@&ﬁﬂ%ﬁﬁ){%ﬁné&? Km‘u r? SRNAHE Elbé b&&ﬁcecﬁ dimensional

flurd through fluid annels’in co cation
errossedre rdugadd torpgnsit emorp heduegte amdhiajngseasientbly bsaid work piece.

t enper at ur e, of, sai.d wor iece to provide a signal to
gghtA‘rrB? gd agjy dm ]csoWF‘rcgll%c lden &g Bemscdol er to heat

or a¥ Q:?mpﬁﬁ% ohi Qi hf&@é {Baéald:@mt{ﬁ IhéCYla]glch cq%ﬁ;%ng Er!ée ers;

to an ntaint eterrperature

a p) eiseladng edigheherpoil bdnduvetipiey Abidrtkroudly flui dBAMDEind®mmunication
in claiml1l6 wherein the nmethod is applied to aircraft

withzsaiddheat ransfeplgesrand 25 assenbly of webs to spars and

po [ and. body rjibs to

D8] Senhl U HoRARHE o MGG R L% ot whie

contsil€psheater/cagleMbdiREatNg ddo sblﬁdhlgfl tBerfRE RbAGICHOR) R % bring to and
body of said conposition to reduce vibration

malfﬁ?@[ﬁ%‘@mpéfﬂtura of sy week niced ati apyeseliccted et ot S¢rapdratatd. y
h f f d
P T S s
assei&@@e()f‘?vffeb%% gpak?é)ﬂiﬁ pddts BtihaRt s%afs@%ﬂ B ngeR nﬁx‘?}&q%orﬁlg‘%bg Ro skins.

said bed. 1 hod as in claim18°whic
t hé3.sA epthaslfas imylagnl6wlach mgludehihglstepbof:mal

CoEL e L4 el LS Sl 0 o
propagation; and
b) maintaining said bed substantially isothermal by heat transfer out of or into said bed
by at least one heat transfer plate provided on the face of said body in intimate thermal contact
with said bed.
19. A method as in claim 18 which includes the steps of:

a) circulating a high thermal conductivity fluid through fluid channels in communication
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with said heat transfer plate; and c) sensing the
tenperature of said bed to provide a signal to a
W@ o869 er whi ch controls a heat er/ cool er t oPCIEFEE2007/084506

..cool said t her conductivity fluid to bring the
W“Q%H%EWEP@PQ;%QaWSQ? bed to a pre-sel ected set point
erat i St :
sar% &%Eltﬂg%@{é% Phrdfe Oggfﬁkl%emet goo%ﬁ%f n I%Ff?b]ﬂégll&twhlch controls

nperature.. contro
a hdarefcalet yo hert we @doldiand highahermat bemdyed vity flokictol bigngt theltémperature of
havi ng tool holders that nove relative to the machi ne
saidplagl toyh Pesnselgsicsheshpoind tepprsplar aRd b mpintaia saidnpdctubstantially at said
having a fixed and a novabl e conponent,
temg&%ﬁﬁlsmg the steps of: a) providing a
Vi oatd eretisb@n®f Sehtroliwe theehamBl-ind0dvdUditievikibial di@Wkes in machine tools
Thermal Coefficient of 10 Expansion éTCE pol yner
havwﬁpglshqléerﬁéhﬂééno‘@orﬂatqg rte dheamaghing e rwhmbdyovemeslausipowered by a

th 1.
tinehd {ctoRPRRPF ERimf FBL AR RO Forthtrt SafofitBe T sigps of
I N 3tprbeidsds @ﬂﬁraftl@ﬁﬁlaﬁfplr%aldiv ’tﬁ%ﬁﬁﬁltcoﬁ%j&w%/ fo%aﬁlﬁerﬂﬁPCoefﬁment of
channel for passage of  heat conductive f

EXpanfeme(ifEEa;qgﬁymcr) cpmpasitdi mgmatr ceaEturaheas i’ﬁmainst:rtabmfyem said fixed
ate made of. hi gh. thernmal conductivit erial
comPeitsE of e s sipha i Sttt ERramranSns oF e linear hdueop motor

they %Vl&lﬁ@tﬁ%{ 1845 Shedacd 8RSHid ‘?ns@ﬂd{o'd? Ryt ffa to&fe cHihnel for passage of

sai d'| i near notor conponents; Lircut ating a
hemhwadwnnﬂdmmdﬂmssﬂﬂuugﬂ t hrough said conduit in contact

GertaPRAINE S st Qnebea e dotis st Fordyctivity mateie in
assotcﬂ%f)ﬁ‘ Wth ﬁf@&%ﬂﬁ%lﬁg ed}@@tledﬁgg,ﬁﬁ{e tﬁ@rrﬁa‘? cgﬁgctr%ﬂb bﬂgaﬁ %Cl)ortlon of one

or nmoving too
of said linear motor components; and

d) circulating a heat conductive fluid through said conduit in contact with said heat
transfer plate so that I’R heat generated by said motor is conducted to said fluid, thereby

preventing heat migration to the machine bed or moving tool holder.
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