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WO 2008/063991 PCT/US2007/084506 APPLICATION TITLE:

APPARATUS, SYSTEMS AND METHODS FOR WORK PIECE

ISOTHERMAL DRY MACHINING AND ASSEMBLY FIXTURES
WINVENTIR: ROBERT M. JENSEN 5 Field: The present invBATIbI2wlE84506

to holders for work pieces being,mgehingegygemarily in dry machining
processes, and more specifically to apparatus, automatic control systems

TITA R ABIHIR4 15 SoPMATENy ANSHhYHERH BBR FEOR EeRKFEREHs and
brevqgEAIARA PLhiey Rlaeam NG ASay SedianaoniprLad aaeor
complex shape or multi-part work pieces, while simultaneously 10

INVENFQRING ORERIRvpiede8Edthermally stable during a machining and/or

Fief@h inspection opera- tion. The inventive isothermal work piece holding

—5ystems reduce machining errors arising from chatter and TCE due to

madhiniigs P AR RIERTROM e PekiamiFPhiyPr b RIETSIOPF NG EMFRRS drprimarily in dry
maciRaHeL oLk lims.atiahesield el RuspaaRAGRAS RAIRIENSAReNMemethods

system is also applic- able to fixtures for the assembly of precision parts in _
of e MAGERESBETHED ERANPRIE Y TEEoTS R DtYETIRGR frilip. in large, thin

croRViS By, haldingdhamuisetharmallyiselatesduring: theassiesab)yviiResimulianeousty

inventive system is also applicable to preventing TCE-induced distortions

maigfainiibe B Cah O HIRTHY et o AV TIRE ArTElictiBn g RIranpection opera-

tiondeNEAle AXILa Rt SuRNtITISS: lleabifiinagsel GJOsalanRySHeND isralsarising from
disclosed to assist in blind drilling and riveting by auto,m%ted rivet

chaf{fa @RS Hubttig' W iRECAHENB IR L ERHERF KoY a bt R PSRRI ine. 1n
shod: BRckgraLRdeitheAlt & dhahighpiseisionmathiieoatedysi, i idso applic-

vital to rapidly machine all work pieces to tight dimensgional toler

nces .
ARG ASSSAPEh B P SELRAR e DAL Tt SOTap Al e geies TCE-
ind@d&iﬁﬁmimﬁmg@s setativelyolhincieas sectiamatigntolaed dndfor thormstexbly. The
. work pie- ces, accurately, quickly and re ly.. These types of work . .
D S AT ECRE IO BT Lt AP e iohine frames
andhanansedhes arelinberentlyisisaentile:to ghaitar. Ghatterdsathedsighiheat. A mag-

frequency vibration of the work piece surface against, for example, a .
SR O R S T Ao L S TR e o hutomated rives
madlifferenees onrgach pass atthoipof astepadherafierupesasurface.

Whenever such differences in height occur, a sharp (90) corner is created,
Badtseaahdotfivhichiis concentrated static, dynamic and cyclic tensile

stregsgs- 30, STESs SONCRNIFaUans; cARIRIUAL DRI SUESRIGONAHAR ail work pieces

cracﬁlng a gorrosmn- atigue in the presence of an atmospheric )

o egirdireetsiStsslcomosion bracking @ﬁqg@m@ésﬁbﬁ@@ﬂaﬁébimwwn@ﬁpmww

inter: &L a}%ﬂ'&%}ﬁ @f(f%‘gg?%ﬂﬁ\%@ %&ﬁr&?gﬁ%é@{ﬂﬁ%%%ge@ EQHVBP @&hﬁféq work pie-
sustained tensile stréss during service. Corrosion-induced fatigue can

cesalsoucatise qrstinenh sty friese types of work pieces are very difficult to hold rig-

idly, accurately and inexpensively because they are inherently susceptible to chatter. Chatter ]
the high frequency vibration of the work piece surface against, for example, a moving or rotating
cutting tool, Chatter causes individual height differences on each pass of the tool across the
work piece surface. Whenever such differences in height occur, a sharp (90°) corner is created,
at each of which is concentrated static, dynamic and cyclic tensile stresses.

Stress concentrations can initiate both stress corrosion cracking and corrosion-fatigue in
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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1 WO 2008/063991 PCT/US2007/084506 ture mechanism which causes
progressive cracking due to cyclic stress loading during service. Either
fracture mechanism can lead to catastrophic failure of a work piece in
woarmedaeyyice. Prior attempts to reduce work piece chatteraiustes /084506
modifications. to,the work piece it self, as well as re-designi utt .
e R e Gl AT o G SIS B8 sorvice
Eitherdyidenyi brattoni sarpinepdfdhinatogsisdetior: wHakwpidgsisaerin normal service.
terr}prtleorra tl%{gmc?n ro}e ué@ $ \c/)\é%rki?ég% : I?et1h1enrc r}{%}&%{,ﬁ%‘f’éﬁ%}ﬁ%@ to the work piece it-
approacﬁes Reiude USE ol mode Ing cll%ly, non-inear me- tallic springs,
selfgas-arit Bydrdedigrshg ckitadysotb erentamed, mosdnaimespareugtessamel] work piece set-
ups NEHESRIE S5 8081 O EPIRAOHSE ClaRle IHeHRIRI B ANRANAL conteol of
compr}éssmn of a comp jaht aterial, resulting in a lack of rigidity'in ]
the supipoiting thieendritipiceduGircepbreasirk ipréedeissaot meddaliga Odplyron-linear me-
wn§RIRYETAepis of aulial it anaaldetalion SRR SERaeLANdO hanical pre-
slower-feed rate are required to mill cleanly without producing waves or ‘
loadharpshopiedesiise tHestarfaaterfalisiely Compiihcompiresw dtic pRadialismaterial,
resur]]hu\l/e 8 %?{tglé%\fv }Eﬁg?%%%ggﬁﬁ %@%1@%1@@6 h@&%@ﬁﬁl@\tf@fﬁ pﬁ@&@% not held rig-
thafi as heat Sink , Since the machining process creates heat energy,
idlys omkoofertdertisatione ey yldves trelrster ewapdtisrrgreaverRsies slawgegpd rate are

reqﬁ%t%%iﬁﬁlﬁﬁﬁmﬂﬂ%rmq%% WOrkRIEGE: HOWEREs h Restuanly 7R06.

of the heat ener@y is exported in the chips, The remain ing heat energy is

absorbudity bouerectositsprienialahavhe Worksha i raedstiraty aifisgt 2 heat
ins IGRLLRGIRY 8t do ﬁéa@%ﬁéf&‘liﬁfet%mﬁéaﬁl{% NIRAQWildSHR REheMAK some of

piece. Also, compli- ant materials may set up an entirely new set of
the dseiIRaery floquEnBie iAviRE Finsridp cterkTigke apnie/thal sHay earhjseted from the

workO ViRrRan freauencias, ey samseliBRIiTRreniofuaicatNlOWSE, Yhe remain-
20 bration frequency that has a higher arr‘;(flitu e motion in the work piece.

ing e pasrsC iR dhestiechriatdinal B afmslea afhghds itotemiiatginar dageg emaining

heaPEiBRWRLK BRSSP ARsIasUlfisieniopmaunt taiusesh athrs aselllatiens ase, compli-
set up that were not present when the work piece was held without their,
ant grgeak BHUTEE ShaW ST CBRDAARADAS BB AU e dutforyork piece. Thus,
whitBeHRpgs:pathssathenveele fimpsans capceniraiedpeatiietaa: waskcally lower, vi-
pieces. Due to the deficiencies of such prior anti 25 chat er,worl}%'ece : lasti
brafiidfing Rt S, BgACSAEGRERTIGG SRIBRICE WOk SRES e JreSiRqTsco-clastic
mat@RUERgSRathoAkaRY ALISMORLY PaRkfesulis vBethpihaliarandsifiueat amount
_ build-up are exacerbated in "dry" machinin% wherg no coole%gt .oEIubri aeriné without
is u@%ﬁﬁ@%@%ﬂ%ﬁfé@%&ﬁﬁﬂ% HSRSERIEE WO R SO B RE ey

cause

their@doBpsgiende sarbinar wetbiMashiapedrospaeasiotk pieneh@ietdiy lengthen
machined from alumin#:‘m‘bec use 30 of the size oftthedgfart rane%e(?in h nrior anti-
cyele ARRSFASH BHITTES 158t IBng° AIDHRGR hashih A AT EEh Lt
chagtbdvihierpatCrsitiae atahdxpapsidrR GhantiGFEL Acjargeotfiimieces are created,
contoured, asym?etr%l V\ﬁ{’k lece {aluminum is in real life a
ett

eSS Al SN T4 GRRG Avachir

g mac ih-
Both chatter and thermal build-up are exacerbated in “dry” machining where no coolant

or lubricant is used. The aerospace industry dry machines work pieces because they are too large
to machine “wet”. Most long aerospace work pieces are dry machined from aluminum because
of the size of the part ranges in length from 50 to 112 feet Jong. Aluminum has high Thermal
Conductivity and Thermal Coefficient of Expansion (TCE or CTE). A large, thin, contoured,
asymmetrical work piece of aluminum is in real life a dimensional moving target during machin-

ing. Expansion and contraction rates can vary dramatically from one work piece to the next.
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ing. Expansion and contraction rates can vary dramatically from one work

piece to the next. 2 WO 2008/063991 PCT/US2007/084506 Recent

precision specifications issued domestic and foreign aero-space

weprpansihave dictate that the thickness of these long, thipCT/us2607/084566

co OUTE?-%UI’{S%CS %’vgéﬁieé l%eg {nslij.%&b orrrpa% lg ;[1?1 Oyﬁ":enr]le' rg%hg £ CO panies have

tolerahced THESE RSV Specifications require AL Ve hres e ot e R
dictinelittial- thal thiokkpiecf thesenkagy thih atonmuyere prdsen tative poiatsnioshigh made to
extragl%l[l r%%g% ?:l?élaarz]l%ess. %geog \'NSS Terc]:?ts ga%%@%&ég{pee{ﬂtﬁ %5%%?&8{!:%9 %f@ggﬁ individ-

Stdcorded i order to meet contractua requirements. This new
ual spekification presertsa twoyfolgpseiiigive Piists theriplaehinstpabitsaifes of £.0037.
The%n,?ux]?}(tegs%@ ugﬂ % Q%ﬁ%{é‘ }xet(u%P ger%%%i%gg lﬁ"l éggro{ﬁ%leq %69{%&@&} requirements,
ickness changes of the ' work piece must be controlled to stay within

Thipvevalpdinfensionaictelesantee Alpresblrmtiigvielequatinnspeelfisationuis be much

unmel B ariainal.equipaient manulagiing QR feadors of Sy b
mo%?aar%célrégrr%%?%tag%fép Ig\%%%\gaﬁer the slnspecte wo?tﬁl& ce g hung B%CG .mus. ©
conwrettickiyshetwitkin operdtibns;nsiwarrtidennes. fHawmsivie ftitaraparatlipesnecification
(s ufind) YORISCE, I3 MRshinged At ek, wheRdaken aff of dhe MAFRNGe REponents.
Y V\?%Pr%grtl%)?e.a? %8%8%1F,§t%e totalng\gd-to-znd TCE-driven expansign isP nens

approximételthei0spadcihorvel Haey timmssionakibabare aprmepeadipngalyvyms up to

the center of the 0.9305 ol joslow Ut s lasated RRTeIhARadhe machi
the ﬂ%gﬁ‘tf%%%?%%ugeefg%nscée gé?\%ﬁﬁgggg%%anded be 15 yond the © machime
bedaltowabie wlistance 66~ tHE érotohendarkepib € thdtineaseapaeytableapproximately

en cool has thermall nded into a low-quality non-sellable reject,,

0. LR T TR LA et Yo M B e S ARE M oterance
winkhevabiar &t indizdtigeadeptinf0 o f highe fstre tigt e Aleose FAASwH dHoy,expanded be-

ince chatter problems.may make the, most efficient machini T the hi
SO AT 183 SR e Fhc g b PO R col s
theypreltisiomdnapdssible. [26-Thalsythereselatdinsiacsevatanusygbntetiotast or scrapped.
need in the art to provide luti Serious: S .
T e e o A o e B0 RSB fLoa 7075
B atlottesincerkhpieceintdrastivayohakte fih atossifisimiworkhpisueodubabegh strength Al

allinish, rregus larities and off:specificetion dimensianal,erors, g also
a3 heed for an ac?ap&a%ﬁé system for a wide variety of machining
opeFatisntion wordkipiecesat.cogrlexshapessibiysizss QP golution to the
serig g %%989 rXﬁ%{ﬁsSHP 81’? E%ﬂé%?tﬁll:a&@ @P\ﬁf@t%dﬁfﬁ@%héx ansion of the work

inexpensive; can be retrofiton to previously installed large machine tools,

pieemanshpubertrsull rigsrodiRiecHigh Ry ARG ST FaiRsitdinish imegu-
Iari{ﬁ%%ﬁ%%@ge@wﬁﬁ?H%%i&%t@%%.lyfmxt@% ARIPFPRECE IOUSHRADIIRE system for

ITION Summary. Including Objects and Advantages: 30 The _
a widvernitstyisfonechung (OmEs AN HIGHRIeRTE AP IOt RGN Jige Warkand thin

croRUGES NRIAIRG and ASSEMNITIXHA S RRRATALIS A COI ASYRIRINR, A be retrofit on to
methods of operation, particularly i . .
previously installed large machine tools, and can be used to produce high quality dry-machined
parts, in shorter run time and at greater yield, particularly in the acrospace industry.
THE INVENTION

Summarv, Including Objects and Advantages:

The invention is directed to isothermal, high frequency vibration damping, work piece
holding and assembly fixture apparatus, comnirol systems and methods of operation, particularly
dry machining of large work pieces whose dimensional accuracy meet stringent specifications. .

In the work piece holding application, the inventive system is used primarily in dry ma-
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dry machining of large work pieces whose dimensional accuracy meet
stringent specifications. . In the work piece holding application, the
inventive system is used primarily in dry ma- 3 WO 2008/063991
wBGIHLBSR007/084506 chining to substantially and significamtyrreshsceos4so6
. work piece chatter, and reduce TCE errors by .maintajining the work piege
sy GEIGEHT SR S IRl o BATRTE Tork Sheale Ly o
maitRerinentianorRlpies o appasalesedttbraticidp itodisysterrsmngure. More specifl-
methods of continuously attenuating high frequency vibration i 1
e S RS AL o oot
atte SOMREN ShaRGehMulibpdthwand piecesingtilmisimidtan eoubige, thin cross-section,
maintaining the work pieces isothermally stable durip ini taini
con GRS AETOD SE LA D AT PR R A S AL g mainaning
the piege heldinglassemibysfleewystems retugcimpehicingndivamgsembly operations.
assembly.errors arising from ¢hatter o machining ReaL hini fand
Thed@ﬁg}téﬁ% %t%%r%aém’f) % Q%?é: ﬁ%?%éé?gggé %ﬁﬁa—l@ iﬁ?#gf%n\}sgrt?o rtelr wocrk j[in%e e o an
assdiniovghput atibiigh&oyieltaigh omégEndacHinethalorpegtbeateensiaisrornis result in
._particularly useful in dry. machining.of afgde RAHS Uss: inthe. RereSRace: machined
high b 1tquflt’,nin%‘lc: ﬁsl%%l%alr%éhgr Sma ﬂg\tll |aén, cé’%rf[%ercial %nd r?”lilitary aira%%nd o
partSpERe ienaditiof hepmvientirty sysfehircdmprisbining ¢6llewgmpartawasgria the acrospace

. Piece Holding Body, comprising: a rigid. non- 'ﬁciﬂ'ﬁ@?nﬁ aRe SUPs craft. |
mdlést%’t?&%)“é{g -%‘%%ﬁgrfé’&% gfvrllén}?ﬁg?‘é%%{l&e, electrically no’idw-cor?%lucati‘\:/rél
matBitainddntreyinstexcetignisighdiedowieg vibration damping and ultra

low thefma) Con QUEIERIRRCLIRSa RS Apltk AECh Al IRIRRNIONlastic, and sub-
suppor? for'a' work piece, a sulsstantlal portion of which holding body is .
held in intisnateaipntactwithretsibastnoneeliviite dhtsipplihadtapifusve material

Surface”) of the work pie ﬁgﬁﬁékﬁi&%ﬁ%@ﬁf&?‘dﬁ%ﬂ%ﬁei @RIURlthSnal con-

mechanica cfaignps, or preferably, 20°a Vacuum Clamping System, )
comprisinghuoaeuyl mm{d@ﬂxgsmm@d,(ﬂcgﬁﬁém@@@qﬁqﬁ Wﬁcﬁ%ﬁgwork piece, a

body, and §L§§%%It?a%§&lﬁoﬁr] plds 1?5?&'1&93894% AP’ P [Py BEMAP with at least
pumps for élrawmg own and maintaining the Stabilized Surface of the

work piecevmtouiritvn dierciorittet Vabilined foarsiding ol iantsfciuding
ap- propria;{e a%/%s?g%%léggg ang GR0"8 595rm@pﬂ@ﬂ{&9h%ﬁfi£%mﬂipsr preferably,

the vacuum uring set up, operation and shut down; An
IsothermakGoekngiHdatig @ ewmcernising: venumeoriniidemsf or emplaced

grooves formed. or empiagedinthe, wark alding: bodyiOranAs seeidianone or more

with the slrace of the wo% ho%ing body that is in contact with the

Stabilized SurfamersmpdawsiRpiesdoRRFEiHRABRS Haeiied fyrface of the
gt 05 ISHSHHE SABHOARIGD el g o
propriate valves, gauges and sensc?rs for monitoring and controlling the vacuum

systern during set up, operation and shut down;
¢ An Isothermal Cooling/Heating System, comprising: conduits, channels or
grooves formed or emplaced in the work holding body, or in association with the
surface of the work holding body that is in contact with the Stabilized Surface of
the work piece, and suitable seals, manifolds and piping to one or more heating
or refrigeration units for use with a non-corrosive fluid 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-temn during set up, operation and shut down; and
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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
wdoy@eshd WO 2008/063991 PCT/US2007/084506 A Controlterzen7/os4sos

System, cgnggrisinﬂ: er#)rot rarrggnabtjlesico,ntrolrler %%i:gﬁa rlleo&%rt?t r.con oIe0 erator
includihg Bata BRS Bt RaifRtPand 5 diSplay. various input and out- °F

put leads conperatingstiftyvase, andmmumidatipwsantbal dierfloy repmstes input and out-
monitorin d pperatignal caontral, a recordin Vi i " itor]
together f %‘?:F%ﬁ%ﬁé’ qgr%q%%(%?%%rﬁt %gotr%%%%%%gﬁ&%%mft %{Oe%érrlgm oTing
system. (Andptionsiytheosirste areanding vdeicovdtbrmeorenA ts@digr Hewtiioning to
Transfer Plates, ¢ rising.a highly thermally. co gu ive, formable

material dﬁ%igg%dée %@%ﬂ?&i&?}% éﬁg %ﬁgﬂv(\)/lo? %lée%%ﬂ %gg%%éd Surface and

the holdinghndyiithiddeatdransfénchidte(s) mapinciideiiegidat Eonddir Plates,
or groove connections to one or more of 10 the vacuum system and the « . ieqi.
cooling sy%%@%rf sérﬁ%%elr‘?lsl? rs&l & %%Eé%% gr s’egureg té%ﬁeﬁheat rgnsfé? srmed
plates to rseritdhperfokriatee tbilrrg b Parfiiorand beihotitgd odekifsidat transfer

holding baodli ermit.precise, rigid, di ' k - Qfe or £
work piecg%%z i és‘fﬁio%r? g?ag%é ﬁ%ﬁrﬁ? %%%%%%%&iz@r%(gﬁ Th%01 mere @
holding btdyisdispssechirpintitnate dirtassteontast witkoat fealztdsied in or secured

Stabilized, Surface, of the_ wark 15 nie i ' rely in
olace on e R BT Eies o] RE AR RIEER 3 T ARE
effetiivéty fotmotionslagiacfuipkliva be dksrpprsysteieriwhat Siglddimrngieti structural

sup iece, Lwi-rlzojg{p ¥ 851tﬂ)ep%gﬁf&aﬂaﬁr@f&ﬂﬁé"’fﬁﬁ%%a@% fraPY 1. The holding

oh-worked 'side. Instead'of having spaced clamps that provide
bodpon-diriened, indsentiatiyppbiet pratinyidh ahlewbanpidedilgan fatfagget the work

piec%rt’f}tllg%&gégxg i¥%§W§QCMQB S2emhlLbRlds e, SR RIREBRVERMSS, the vac-

entire sur 20 against the work holding body. Instegd ofg)é)int holding ‘
wunosysinehifigetvelinfantioasspste i TivrgIBIRSHE et s Ifhp BBl piece unt-

fom%%c ?Q'tﬁ@%m‘ﬁ% %@8'@%@9& (ﬂ?é’c?eﬂsoﬁt%tﬁ{éﬂﬁéMI}j& of Rt [ashd of having
one

ace of the work piece to create a Stabilized Surface. The holding

spadsddyamptdhar Aty He HPBTHRIY. COMIMIBE WU RIES LB AR PaEk Piece as in the
pric? egded 9, mainiaindngintmate swiass conRcwiththe wark piecesRilfire surface

25 erent work pieces may have dedicated holding bodies, that is, holdin
againaiithe SHe TN Ee Rt CHTEH Lo AL SRHO D RIS e e Pro-

viddd dpaentaryit-the, nashisingdasiity for em- placement on the machine
tool bed as needed. In an important alternative, the halding bod

be
oSO IR BB SHETRIOAS IEURIR AcbBmrABATong: (e vork
piedOTIVQERIGORE i i er@i @Iz ehe CRMOI S@RdIOpRiTaably a substantially continuous

surface, contoured as needed to maintain the intimate surface contact with the work piece. Diff-
erent work pieces may have dedicated holding bodies, that is, holding bodies specially contoured
for a particular work piece, that are maintained in inventory in the machining facility for em-
placement on the machine tool bed as needed. :

In an imporiant alternative, the holding body may be made modular with one or more
extensions, providing accommodations for work pieces of different sizes, contours and/or sha-
pes. By means of this modular system, a limited menu of inventoried work holder bodies can be
mixed and matched to provide a wide range of surface coverage for a full suite of work pieces.

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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30 pes. By means of this modular system, a limited menu of inventoried

work holder bodies can be mixed and matched to provide a wide range of

surface coverage for a full suite of work pieces. The holding body is
welegisicadhp non-conductive, is formable (e.g., by casting), hagq/vefy10¥ses

magg%rfr@lael \%Oflgul%tci\éi »and i%gro i%ed as a re%%%y l; rg%éhermal mass as )
Compared to the -5 W 28087563 G BEORS TI6825YS &S HPieot appropri-
atewotlknpiecefigeingomachineihdieal, grogvesiditeth withskhif Bogy@vjngs Wity exten-
. ropri-ate putline configuration, e.q, cylindrical . gre provided in the
oy i 8 SRR e S ME P e T ARt At or e pltes,
botlefineuin the Siqrfaicenofthedrtidimgobedyndnd-ahtine Pigiesilybath Maeutiare semicir-

liquid.coolant ports, grooves and conduits. Typically, the grooves are, .
e B R Gl SR & a6 el pgpapsic sel
mewtbies thpendgeoselistitosbalkaaiamibers. that are press-fit into the seal

grooves, A; j conduits in.communjcation with the ports or |
groovgs gﬁéwplgf\%%é%{ %?%Hﬁi#ﬁ 3&%&‘}%“%%“}%‘)} C |H6N§g§§}e&%¥¥5’a rt%%%f%? are provided
or graresebialibvheldiogdriv of bemdsphrepirtrn tundew thewmatiopieteosphere from

addiiqn, hesystemdngdes t, acyym pump.to withdraw at 1
o mospherre ogbt from under fhee%ﬁagié%%%\%%s %ﬁge\a}%%%ﬁﬁ? COnaURS g w1%1draw a-
mogphsue9iirnsfapiise sheTherk eddsccoim pre ssitoype ritdiies wodkvaieoemtadafer lines.

X i L Wi : i esrr-fa olflt.h hollin b . §
L O R A R P o

facppirdirypdfimpbabd haovesrahdingdls drldontfaits fampéckintiie fSebitifed Surface.
A ﬁfﬁ?ahgldémm‘éé(d %?68%%5? gaplant fé)lxjigotx?dﬁﬁscl g}'é‘lg&eg iﬂléfﬁ]%ag% t[gg r}%ﬂjing body

contact with the work piece via the 15 heat transfer plates.
PerEgntinaliBh [Bithio fom sinerized/liciiimaamprant avrsasowigr el voudblipigee via the

heaP@lh OB theRONMRrkingrsideof heorPiIge.creals ihe alabilized thenisothermai

Surface. However, it should be understood that the inventive system ca
cooljng, Bath Rikha Han BPriaasidn &t piagkar errsetiathedi tekilirod Sor five.
iSOt trRaLc GONRGLRY SIem ARG Il diRg ROdY, GARDENRGH IR CONIMRGIQRY 4 mix of

with a mechanical clamping system only. Where mechanical clamp 20 ing
VACRURSHAMRIBH AR S RARICRRFRIAPE 4 fiR deatheraats eplingraygiseniand holding body

can 2SO0 B dhenwatK Jiecsderane Ay RAIRIAINIRE ILIMALG anical of amp-
.__thermal contact between a work piece and the heat transfer plate and the
N8 KA B N EIRFRPRO e B el SReRESCHR ATTaYBFOW Bes eakipacvish-the work
piecdgrahébpaniesk piasaathiad pakian slenppe AN D vk YidRe and the heat
tmng%z%glatlon with,, the face of the holding 25 body function to transfer heat

S the Mosisedsdin & e A6Hg eB8isAatuIReded A miryidgsmod cover-

age of the wakupisagoorts or grooves, the coolant system includes suitable
flexjble resilient Seal:qs' referably disposed in grooves in the holding body,

or ¢ \}éergﬁeﬁg?’?ﬁf?ﬁé’ BAY PSR Blafl &F B 456 anhenclihntdeHace Y i holding
bodfiquigtinsicte tthesodlentgeeoyesandcandiiisce to the circulating coolant fluid. As in

the case of the vacuum ports or grooves, the coolant system includes suitable flexible resifient
seals, preferably disposed in grooves in the holding body, or conversely in the heat transfer
plate, to seal off and confine the coolant liquid inside the coolant grooves and conduits.
Preferably, the heat transfer plates are confined to the area of the coolant grooves in the
face of the holding body, so that the Stabilized Surface of the work piece “sees” on the mating
surface of the holding body a series, pattern, or array of heat transfer plates, beneath which are
the coolant grooves. The heat transfer plates seal up the coolant grooves, so that the coolant

contacts the underside of the heat transfer plates rather than being in direct contact with the work



Preferably, the heat transfer plates are confined to the area of the coolant

grooves in the 30 face of the holding body, so that the Stabilized Surface

of the work piece "sees" on the mating surface of the holding body a
piecBeries, pattern, or array of heat transfer plates, beneath which are the

CoolANt GIBOVES NG NEa ans! %%‘té%é %ﬁekﬁ%&ﬁ%l f@(‘;ﬁé‘%&ﬁ?@%ﬁzﬁ&mug}] the

ring CI1T1 COHIPIISes: rh
that the coolant contacts the under 0 eat tra r plates rather

fuiqrsapdyiinbpintanéusdo Heacloninitrregorkt of phecerir Risas bt Aad Bspsee ehiller, or
the Féir@w,_i%?%éﬁsmglkbzghﬁﬂ&ﬂ&h@@lﬁdﬂﬁ@ﬁi.&ycﬂm@rmﬁ@ M%iﬁ&@ﬁgﬁdmtﬁmo transfer
o O B T B PR T RO B 0 o o
workéaknichilfer toctné Wwoikipiestes; adidaidpaapitodtsansfer the high thermal
COn@H&@G%S&%g@@M:M@dQ&%@E’&@&% &Hi%é%li&&rl%%@ﬁ@ k]8R dne direct

the work holdin% body; a set of liquid transfer lines to facilitate fluid

tempERere The COhREFS ST iREtde CuPrhaan e petadife g eame o
cooﬂ@/i&@d’ﬁemﬁﬁshédﬁ@ie linect! tendpetaiyré&of ttmelmbﬂﬁi_piémeviftselptere isothermal to
wiﬂgﬁoéﬂg& fgt?gt—)aicb"i’ls%%tg %8&'%%&1}9\%(3@59{%%@'3%@% Qf cgfggl!ﬂg and contro! the

required for the high thermal conductivity fluid to maintain the work piece
amquitREATRAIPE Rtk EAsiEt 10 BANEEFha NPHNSE @ Preertirraat SitpoTyre. Suitable
opefdiP EhtoicakatlateiandnpeRtad theyuamopetiatheatbegéaoalindingadedds, keyboard,
maintain the workgiec%a%t an isqthermal temperature, §U§(§}Q|eu Qoperator

mouse, ouch pomt screen Tecorgers, Imagmne QrAge  an on systems for
cohsoles IfH various mputs an othpu%s IS provujged as needed, e.g., Y

morgferiiayrprels; delivtarend pestisBiterlieypEintserd disromaseardemote sites.

AcdBgPRlIGIRIDIAYEARh CAMMUNICAION aYSRMEIOHBRAIRRBGIRRRHING K holding
archiving and controlling the system to and from one or more remote sites.

Sy B Ao R TR HCGHBIAEH B (R LB bR U pensh e changes

to teviestilelisotihérmabivoficholding osyistednlissétdlyfcarapatiblgetvitto odesentbstantially

m@&@@@&a{&ﬂh&@ﬁm 15-JEAPES NRLESAUIS QURRSHE SHARLISSHCHNE e and to use

installed machine tool infrastructure or the skill sets of operators, yet

with erlerashigibgteadiam ncréas eRrio dit 6T EmRahiR Reloyiel 8- 0 4Btk inventive
systdiis canRtpatibly scatable, pothrinsize raqd tonase wiithighoshesd highhspee dpermitting
tooling cutters. Rather thaqﬁgstéict%éq)&ﬂggﬁ{ 10,000 rpm, the inventive

operatio er s]peedso Up 10 on raer . .
system satisties the increased performance requirements of high speed

machigifginp it gsnsperbtis sl st di it prayided theiwiepet vibration

dan3th QAR MPRMALHHHING: 13 fikstiasRRCHafihHeprasemnkipMention: HgitniStool having
rovided an isothermal, vibration .d ing work holder.apparatus for . ..~ . .

@ oBRCHGAr 1Y rRALATIR) I SESDE S RARAE o0r PRUNE Al e

vibranchandatedn iheduwidiig T defrrial GuelficisiobExpbiisiin(ECE - matetiakequiring

medYHlE.TRLUGAY cxiﬁﬁ%'%?l@gja{?d'ﬁﬁ%%%ﬁﬂﬁ@@iﬁ%& SeBetSRMPIBAIBIAR substantially
assembly of high TCE parts requiring mechanical fastening components

isotBGAb A TREATY TS Bel S m P RHEE OF BT StibSPaHRgy - @ at Jeast one
vibisibihesmpinwithwebitieced caratiompiopdfationl CosffrisingfinppesiativéCE) polymer

corrfg%gﬂgl%geq i %)091:[ %%EQ %%d}y IR@&&&%@J%’ i’&’r"‘é«iﬂﬁfi@,axllg}%”&}é‘éﬂm support of

w Thermal Coefficient of Expansion (T polymer

work pieces for dry machining, assembly, or for support of a machine tool bed; b} a work piece
holding system comprising at least one of vacuum conduits provided in said work holding body, and
mechanical clamping elements, for securely retaining in proper position at least one work piece while
being dry machined or assembled; c) at least one channel for passage of heat conductive fluid there-
through provided in said work holding body on a face thereof that mates with at least one face of said
work piece or said machine tool bed; d) at least one heat transfer plate made of high thermal
conductivity material provided in association with said channel disposed to be maintained in mtimate
thermal contact with at least a portion of said work piece, or said machine tool bed to maintain said
work piece or said machine tool bed substantially isothermal while reducing error-inducing vibration

propagation.



composite material work holding body member configured for accurate,
rigid structural support of work pieces for dry machining, assembly, or for
support of a machine tool bed; b) a work piece holding system comprising

at |EMSPBINE OP VA SR CORERTI RS\ RISE n RESAURB I IRGI I BT ERS AR dsothermal,
vibrifieg Fdam;ﬁag Qlaéﬁﬁmg:@iemmemﬂsmmg/d@t@wag i) pmpar tﬁdl&itiﬁm rﬂrﬁtor for a

eas e wor ece wh| JX achl r assembl
macnine 0 ?Pﬁﬂi‘ 0 reduce efrﬁl i mac ﬂn ensmn (ljlces errors
one c el for passage o con uctlve ul t ere- t prow e

in agquazgiy aloveiHaieirPBoRigonbty fede Rh‘é?@éfﬁhaftiﬁ?aﬁé@wﬁﬁobtcﬁﬁ@t@mm operative
coni@gaief: sgi% W@fkoeée@@r%&aﬁmaﬁhm tﬁi@h@ﬁd}ﬁﬁ@hkﬁﬁsb@%%msite body

transfer made of h| g é condu ig%mate;’a Prowded b at Jeast
e SR eI o B e B S RER L P Rl ) o ot e
chathérfoabesagactiviith atidagia fiordcheof haidavorkeyiieden orgaidseriasRinen a face
therlBPHREAIRMARRIR ARich WK JRiIELE l%%mﬁ%ﬁ%ﬁaﬁl @fg least one heat transfer

substantially isothermal while reducing error-inducing vibration
plathRiKa Ghtih. el Graf 8 BaCHRPE skt Bt oSkt ffigHc! disposed to
be bR isdpravitedeaheisethennal widbration damipingl kageknéar wovlirgngponent so that
heat ngn%rg{e(tjlr%\#elén(g &8&%”&%{9&&'%@& NHHEIRR 5 rr? %{et%ﬁt?ng”}k%&!‘lﬁ%%h to the

apparatus to reduce thermally-induced machine di sion growth that
machifrpgacess! erfsrelipgaeebacy of machining work pieces by tools powered

by seiebraaghiae ol @@p@&ri@fwdm@@@ﬁaﬂwenmmbimth@rpramm@am of dry
11 Wgrna tl%n acxisam lll L?Ovc\;\ll'lé[h%écngsa | conductl OBI\; Ee S o%r 'ingg Slteabwo(gr}% iece into a
T entoer &1 Iguréd as a nsert In‘a fixe J rtravelng elgment of &
vibiineradamotos; Bywt therstabneondheiivife] frpabeans chbdigicabriductivesiong polymer
confRRIR-thsRUAhaRIOYIdE thitsiRic IRsRi-ROdY R @dRCR dheraol thalmatesr said work

. with at least one face of said linear motor corwaonent dﬁ at least one heat
Pl 1ol TN FRaB PG 1hariit EBnAUETIR RSt A FRSITER ork picce in
pro@sisodiatiohpadtiiosdid shidnmehdisposedsantde myaipphimed: imamtimatedraw said work

p;ecg‘%'i{m GRRAGhWIT AdRast RBPHORQ! SRl AReas RIOLLAMPARERLRAY; and <)

that heat generated b sald motor is conducted to said fluid, thereb
malﬁ?é%ﬁﬁﬁég TiektnisRgrH ﬁ%aiwéwﬂ’aeﬂ?h%aﬂ%@a%waw mméﬁﬁ%@rk piece by
at leAGCoEding ttuaihiptkaspecteat Hﬂau@rase of iiemitBnnthens:is fpeavidedstct with said

work gthod gt df m@]acg'art%%{ %%ﬁ@%"%’ﬁé& Qé?ac%f?omprf'ss!a'{}% NESIERRsting in
.a Ioa ng a WorK plece |ntoa vibration-damping, rmal

maf@@mwwﬁwtquﬁ@ma wwErricierstcor sparislopieproryhiaid berhposier plate; and d)

whepBtk helcing Mﬁc‘iﬁﬁ%@%x%@ﬁlﬁ&um@rﬁﬁcuiﬁﬁﬁoﬁiQiﬁuﬁi&@(ﬁuﬁ&hsmnai eTIOTS are
ﬁg ort of.said work piece for dr machj nmg or assEmblg to at least one
redu S,

P BB HeSe 51 86’1‘%%‘6‘3& (oK Prede i BPopBiiS aligned position
for m@brﬂmghimmgfmr&ssmwbyhappwg aovaimmmtberdranpsaidegorkmethod of
conPIRGS IHARINAR e IR SRRk é&%'%@hﬁ@%@%&i iV Hers that move

holding body; and c alntalnln said work piece substantially isothermal

relaiyefiea fragaeded ey %P’i?\‘fﬁ"ﬁﬁ dSHBETSERE HNeaF [RANGHIGR RiGn PHAHdded and
a nplatigdprovigedon dhefadecotsasdipodf i) iptimaiestreribatoontacpivithiow thermal

conc?‘?éﬁlv W&%‘é&%ﬂ&&f?&éﬁ%ﬁ@ﬂ%ﬂ%@ DERERADSISH I MY configured as
clamping by said vacuum assisti
an insert body in said fixed component or in association with said movable component of said linear

induction motor; b) providing in at least one face of said insert body at least one channel for passage of
heat conductive fluid there-through; ¢) providing at least one heat transfer plate made of high thermal
conductivity material in association with said channel disposed in intimate thermal contact with at
least a portion of one of said linear motor components; and d} circulating a heat conductive fluid
through said channel in contact with said heat transfer plate so that heat generated by said motor is

conducted to said fluid, thereby preventing heat migration to the machine bed or moving tool holder.

ia



maintaining said intimate thermal contact between said work piece and
said heat transfer plate; and d) whereby Thermal Coefficient of Expansion
(TCE) and vibration induced dimensional errors are reduced to permit
more accurate machining or assembly of said work piece. According to a

toidhe &%ﬁ&;memvmm&mﬁﬁ% ‘%R&%"%‘EQ&JQ%@%?&‘ picce is rigidly

fourth agped
controlling thermally-induced dimensional changes in'machine tools
heldn iy prgeieio PROTGEr S&HBT nfisy & OFB I AN g0 DO AShitRs B, WhiesriabiGeinskstps or a
comBiRawEsedhbyuA inealeinduciivmatomnnayirgakedanda moyakigrement ensures
com tonerl?l'%, ompr'si_?%the steéog of. a) providing a vibration-damping, low
an C@fmeaﬁie or?gﬁ?: iiﬂ%}/, ov‘\yoﬂﬁ I'mal Coefficient of Expansion (TCE)
polythe pistampositdira éadbenatoiatisur eabiale diningendgopiyyimasaimiraits composition
incIGRAAPERERY QbR asSOFiafienuitly saidmenabl e cRmrONRRL Ak SAIFHNART coment, a
induction motor; b) providing in at least one face of said ir?Ert bogf/ a} like: and
pozfglanicaitty RRARHRT B PTG BT ARERCS RRIE AR AR el RSt PR gt  kes and ©)
one prowidin gedrea dirgies.haattrensiier platiewradecbfdighidhermaplasti-cizers, accelerants,
retaSRRAUCIMAN: MARSHRl IRy seciation with.said channe! fisResRd NN MR at room

thermal contact with at least a portion of one of said linear motor .
tempeAEE HERASh ¢ Biremaltiy Wdat sShBTRAvieKURAYhidsghddicpan be specially
confib@rpebimapmagt with siaidsheatsiransieicplate so that heat generated by

said motor is conducted to said fluid, thereby preventing heat migration to

the machine bed or moving tool holder. 7a In a first preferred embodiment
of the inventive system apparatus, the work piece is rigidly held in precise
position against the work holding body by vacuum, by mechanical clamps
or a combination of vacuum and mechanical clamps. This precise
positioning and rigid securement ensures an accurate depth of cut into
the work piece. The preferred holding body material is a castable, fine
grained, polymer composite composition including (in dry form): a) a base
having cementitious properties, such as a Portland cement, a pozzolanic
ash, or/and the like; b) fillers such as one or more aggregate(s), fibers
and/or the like; and c) one or more polymer binders. Various other
additives, such as colorants, plasti-cizers, accelerants, retardants,
reinforcing fibers and/or the like may be used in the mix. The composition
is mixed at room temperature with water, cast in a mold in which it sets
into a rigid body. The molds can be specially configured for individual
work pieces, or can be basic 7b WO 2008/063991 PCT/11S2007/084506

"blocks" that are then finish-ground to dimension and contours, including

coolant grooves, threaded insets, and the like, as needed. A preferred

polymer composite, known as "polymer concrete", has the required
property (for the inventive system) of quickly absorbing tool-induced high
frequency vibrations via the work piece Stabilized Surface. Each polymer
composite hold 5 ing body is a true "vibration absorbing dead body",
unlike metal which has a slow response to

7b
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vibration attenuation as well as being a conduit for internal propagation of

vibration and reflec- tive echoing within the metal body itself. The polymer

composite materials used in the inventive system do not "ring" like metal
wistaet/east:iron, aluminum, etc.) or glass. Together, the castatitystyend4sos
“bfg&%hiﬁ%t%ilit %ghe ?I%m%rug I’[{l osite bodies result in accgurate and

smooth machine e n Lt GPRTGRO  PREI SO WS HES UG terflank grooves,

thrpidedsnastabletlpoljkacocampasite mafdesinisospitablfaidiie: iInveRiivas “polymer
1) ies include commercially available polymer. com- posites, such

o R S B S ARk oorinducea
highHichuencyl wthestivighvstrérgthvdpazyergsiniged Saréggrégatepanorse lesigdsite hold-
: itives, A ficiency heat transfer.plates, Cu or Al allqys bein
e S poaa e Al LR R SRR reponse
vilpidies fdiemuiatesveringl bongetoBihstfmyihetibpposgaion t1e-deitam and reflec-
. gj : rpl ins_are sized and. configured to fit with- .
thé QC%&I] 1{}1?1? Eﬁé%g{ﬁ %@e; %Fsgl?eoliiﬁ%% f ('590%88?'[%1_’1&” élsa.? rUSTé é}? t!he mventiive

in the coolant grooves in the face n

systwaliligrelcmegitdile enatid fosseld dmstive e dgesinithegrpavelaser dhasietsite castabil-
ity MANHAIR A 568l So-that does not. leak into contact with the .
lt,ywork piece. It sﬁould%é%%g%%% Oﬁ%%aet?/?/ eerser%ﬁ'éﬂtél}rﬁcpgf)% an Spl%h machined
dimggofing fas isbly, presifaicootneithtng eavorlcpalce Gothkbpiaadyaser composite ma-
teridfedednEhe colant duid. flowdis prefear ntrolled at a,constant rate

eribut can vary as tools pro%ressivéjlé%ﬂ%?g%ﬁl (%?fe%)en teggllgs‘,lF rgvﬁlsgb %Bﬁ%ﬂ o com-
Pogitferenb ftadas rhhauimalyaatcorophste fdiietdiy Medoetfiasifiguling which in-

clute iMAChiBNe friey 18 LonIale é?é&&@%%%@&@é‘%ﬁ@ﬁ\% ures a

tem[l)_erature mcr_ease, the MPC will Inttiate t eater/cooler fO start
coollm§ tHebreheivansfeaep sansigr NetgsisCeoer fliallsiveuietes trefomethere pushed up

agMRRHIEAORIRL RIAISS,HREY PRLOMEICAIR FASHIAGH i{H&%QP%ﬁQ&rgifms may be dis-

raises the temperature of the work piece, a temperature gradient begins

Posidentha Sefiery sidsetthndepisrane adeenBrgfinanisieretrond thvafigarndar fit with-
in 1RCAHORANIHSMOTK RIEERIQGINBLANSN %%Hgﬁaﬁsifﬁrg?'&t%ﬁh@s‘eil elements are

energy continues to transfer from the plates to the cooler fluid which’is

dispasipBd R Eslegh tha g e0Es S ¢ iveride imavainia tpahatchnids rodant does not
lealtharbeaipsleqalaravhemithebeat ensiawistrarsisrethie e RNy “coolant” or

atmasphere or other heat_ sink (e.g., a cooling tower). As the temperature

“coghingieritiiitkets, WS kAP ithrograbensag! dbgie sk Riasvasmandebwer
coofat éhuthiemparatie yveR HMhessRARASHE BEALERGHRY BANSIENary as tools

This }%roce s continues until an equilibrium is reached, in which the heat

PrOGISHY HidcHitifG s a8 wo soBisb e uea dbrsoisiassy Rgnseenigred produce

diffeedastasitimgenamiedio maiiamg thelwerk RIfseIIeMRRFRINE A8M058icasures a

to a pre-selected , dat e.g. 68F, as is possible. Thus, the inventive
eGSR RSTFRA L e Work Pleek o e RRAICTRASE Jck Phrigel e iehest Ganster

fluigizessatidsconfigfitadians@hotepiRces, BeiteransReeiscicers andogrrPthider. As
mac%fﬂ%lﬂtg e hchrgr%%’rgzggs% 1<£,i ?e%%p%tﬂgt%;g % ‘?ﬁe%{)@f gﬂ:lglel,n ag tgglepg?gt?t?e&gradient begins to
widen. As the gradient widens, the heat energy transfers from the warmer location on the work
piece to the cooler heat transfer plates. The heat energy continues to transfer from the plaies to
the cooler fluid which is pumped through the grooves and thence via the fluid transfer lines to
the heater/cooler where the heat energy is transferred to the ambient atmosphere or other heat
sink (e.g., a cooling tower). As the temperature gradient widens, the MPC progressively calls for
a lower and lower coolant fluid temperature which further speeds up heat energy transfer. This

process continues until an equilibrium is reached, in which the heat from machining is trans-
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5 The inventive isothermal work piece holding system and method results
in the creation of a smooth surface finish on the work piece that does not
require subsequent manual rework and the associated production costs.
whioliigasingimanual rework eliminates mandatory re- inspecif/anghitsos4sos
associated production costs. The, ing\%entiv isothermal work giei\e h?lding leced
ferregas {8 iR TBAN LSRN A IRE CHBREIBR ST RO PTe selecre
datiiiieh hedds thin eresm L0 Beslidn Weropiecssiegicivianthihis wery piece isothermal

accurately during machinin .Té;us, ery precise con- trol of the thickness
ovet GBI CEH S IR SR GEAL HE TR GG e s, fods and
depfRESMtS thihackinedtosake déepeypdephsaohninab fasti@sspeeds
thereby.reducing bqth cycle times an sts. By increasing. rigidity, an "
oo R T BV, SR S e B R ST the creeion
of Beadtacwatdovels sapbatabilitypfthbat Soeackiniegopetdtomeihinanual rework
increases.individugl work piece quality and multi-same-piece run X
e R RS € 85t AR R A olehn Spcpitey fradatory 5o
inspreanhininyithesvsoritepipee torimeets. Etecededime isitrattd erakgeeevbpyding sys-
time. Another.advantage of the invention, isthat.it is th .mas ct .
A SO IS RUCHOR Lo SIS i e st rll e At (- din cross
sectibe lovvkstipessilgidlgestiptod uctip ety 20irnodebinoyahtagevefticcise con-

wol UERIER = 0t malnfpins g femaeraiyig of the work piece constant
(‘i’so ermal) during mac i%lng. is prevents thermally induced TCE
varidianssatisingnfrorvalbpossiplerssathe s)debinedffadtindetmendepios of cut at fast-

iece, pushing it autside. the limijts of Iz ted di '  thy
o B e A By A B,
invendehinysttoohismastanesithionk porepibnespeoi sordmc Ul afeBlbrepeatability of the

madiin O%ggxtaq‘(io N %‘1?1? ﬁjﬂlj&ge@ mﬁvﬂ{ﬁﬁa@(f&agigéé' '&Qﬁﬂaﬁﬁ t'flﬁﬂﬁﬁ_@ame—pieoe run
components of the inventive system have been individually proven in the
congtyemat Ffhstherentize, isptheanalcovarkcrisrapeldlmpIstcn abembmaghening the work

picPR! gl-assembling uinsialling ARt onerating the dnVERINR SYSIeMhIR of the invention

minimal compared to the cost of a large expensive reject work piece. The

is thavirisithe syetepffestaranatisl el op ersioR| 8 pstaniaR)p path to pro-
vidﬁ{g%‘e%%sr’ﬁo%?é 1pachining.af aeawadesign or new configuration of
W

rk piece, there is an initial self- "tuning period" of the inventive system. )
In theetlmntipaiiee: of Segie cRippoT AN i mpBlatitdhsisaraiE Yy erork piece
corEnfESHa RANRITR BASalNG [EMPeralure dhdhe-YroIKdpieeerisNawRbns, arising

to occur so that the controller can_quantify and map,the thermal response

frogfahiBayiiacorawEe diose WL B0 80838 P SR REAe TN Of permit-

ted Ui PACHIab Mashinina R ogessithak isheingrdeneOmithSindedRadiiiale currently

_cuts are for rough- ing out the piece, accompanying, TCE changes in work
in-piRseceRRRIRS oS FSISL SIS HSE BTl SRESH (BTHE TOIBRL BRI ARTgRerts. One

skiftage st machiningily understand that the components of the inventive system have been
individually proven in the context of other useé, and are commerciaily available, In addition, the
cost of assembling, installing and operating the inventive system is minimal compared to the
cost of 2 large expensive reject work piece.

The inventive system is effectively immediately operational upon installation. Upon start
up of machining of a new design or new configuration of work piece, there is an initial self-
“tuning period” of the inventive system, In this tuning period, a single, temporary temperature
rise of 3-5 °F above the desired isothermal baseline temperature of the work piece is allowed to

occur so that the controller can quantify and map the thermal response of this type of work piece
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Once the configuration is tuned through a single work piece, it is not

necessary to subject 5 subsequent similar or identical work pieces to

each go through an initial tuning step. The MPC's CPU receives thermal
wprofiledasaias the cutting progresses and this data is used tacmapztheesssoe
fortRermal respanse; the results of which. are, one of.the. inputs to.the MPC
o R Abate AR oML RSk bt B BT e VBRG B e for roueh-
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VP RIBNEIRL PiseaaIsotarmal eanditions. Thereafter, in jo normal
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pro l}aeg tllejdges of the tools are not being battered by exposure to constant
a

SPEAIHHR HORIIC e (R SIDS IS HRAS MR LegRYE RS EU WsRioBA simple control sys-

temBliminase: thenpeat fokmanvally JOWOKIE-ARm N e o
<RT§5§§,§ ack into iurface finish specification and elimination of an
iti

EPIEAHR e CAB A SHS T EHARSY 5B EBAf ‘Qavameayetk s gRsconfigurations.
inventiohewiibecoree Ae30Ratent fiomaiconsidaratioraiiine drawinsimensions
an daa%g r%laaute(%j{i S@:i{?tign Thus, in contrast to the prior art, the inventive =
VStent ém |§? &/8ANhS 8?50%&%&60’6%8?@?@”%iéﬁ%%ﬁﬂé@lﬁé’t%m work
piedaxnilhg ofveathplexsainapes teo goridsnedqresisely #© awidavai StyhefiNeisle-week
pjiece shapes, provides precise rigid support of the work piece over large
e U WS 0B P ST COHBOR R o e e o work
holderthemlerkehmider Amdibet adcoeighéshigh efficienaybeatdramsiRisplales itince the
Sharco%agst g\fi etr%e \fgoarrlé %ic% e}/r;a gg{ngg%o}n, the work piece canhbe held
Plgl U HIRE IR - g ered by exposure to constant chatter. All the advan-
tages of the inventive system cumulatively eliminate the need for manually reworking an
unacceptable (reject) work piece back into surface finish specification and elimination of an
additional, re-inspection step. Further objects and advantages of this invention will become ap-
parent from a consideration of the drawings and related description.
Thus, in contrast io the prior art, the inventive system employs a work holder of polymer
concrete which provides faster forming of complex shapes to conform precisely to a wide vari-

ety of work piece shapes, provides precise rigid support of the work piece over large areas, uses
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chining either by an array of spaced mechanical clamps or, preferably, by
a full Stabilized Sur- face vacuum suction system, and a single
contact-type conduction temperature sensor can be 5 used to accurately

wHoasidesshe temperature of the work piece directly, therebypsimpdibin@sssec
the isothermal cooling/heating control system o eégti ..The inventive
|

a ciigyim@mErdRCRoMRTY 898t aders ST | ERfaf keifrgSTer plates in
confQ¥t asee MBI akIREISIN ARRRPRECEORPANSRLS. dntbisIRRPIGatENn place for ma-

“holding bodies specially configured to hold individual elements i cise,
CHiTGFORE Rt o SFEE Ao RRRER BIRPHSRASTRS for BAHTFRY i BiAg LISIAG 24 Sur
facavelding andithe ie-areapoyidediin ahbsiremssendblyicisiaghoththeensor can be

special isothermal conduits and vacuym clamping feajures disclosed. ... .
used {10 GECHEREHISARVE %tﬁ@?ﬁ%‘ﬂ%%’% \g%% o eﬁﬁ X qutsft\é §}%rw &inSémphfymg the

isotS e c6BIRIDING e SeairdDEMaansisrafdinear induction motors used in
large gantry-type milling machines, .in both the, permanent magnets and .
the DS S AT LAt RIS Bty TR e el fsures
for 15:@aB1ieS. prbaseaoling ganddimpoahealiransigmbiatesnnhobdirginatites specially
with coolant fluid . circulation systems, pumps and_ controllers efficientl
CongRMARaN A A ) TR R Bty e U [SrBCRh g e (fxres)
for frAMnAigraling, thraughbidingeatingefidmerdpithe deférentietuatasembly, using both
surfaces and thence, to the work pieces. To ress the, problem of TCE
the éﬂ%ﬁi}é@%ﬁ%ﬁﬁ@o A RANEHS es&%‘&%?ﬁe%ﬁsﬁ%ég §S§u r?%gggbf an
aergsRaae-eompentatsacly ana iwingp skipliciol struptovalisg pperingetaining blocks,
stringers, _spars,.etc, a magnetic locator system is discl tSy, both th
for éﬁﬁ%]?ﬁg@&?%%%ﬁg TR e iq’ﬁ%sl (I)iaé Chrately %Sa%gﬁt%gg%%gﬁi%’esn ? t ©
perphihetsitingersuspars dnd-atignesmptrentiosatmechiditbah and eainpbe traveling
frade-0n the fy fo presse! duling RaIEIR{, COIIPENSAIRRLKGEAAY Bolant uid

-set
gm&%san i6nor ico%tré)gfligﬁso parts during assembly. 25 It will be evident to

cirdhiegernfskitiin thispstaivar e dtiventilfepygte it Wéa@g@yd&ﬁelwed by
the ﬁﬁ%ﬁgtg%t%iﬁg\’ ng%artaf?(%g 813%‘\%%%\1%' Wﬁcﬁ'{é%gcﬁﬂ@ﬁr%&@o% reference datum

ed 10 bé éntom- passed-within the scope of this invention. Brief
surRescriptiteet thalPrawingscThe objects, features, and advantages of the

presgl tagé\égs%tit%@ ;\%I(lhlbpe%%W% Eﬁaﬁ&‘égé %@e@tﬂ%’ Qfﬂmﬁ% B$nld BBERMRS: the outside

better understood'when considered in conjunction with the accom- ,
surfisnyiriglrawings;cirantichikevelersriceVEtari ISR UESHSAR (HORAHRE Strineers.
or similar parts . thfoualoUkine Seueral Vg WS aRdNHReIRIRmKA. rbBolscariveting ma-

Spat%sb?%glhn View of a work piece holder according to one embodiment of the
chiltdA/© 26081063082P T ASSRIDTDBE B6° HPEEEn SRR AT T SRR Fhonts, so that

adng{%cgiec%% }E%l%\ﬁéti&?%{é fly to pre-set drilling patterns to compensate for TCE driven
expansion or contraction of parts during assembly.

Tt will be evident to those of skill in this art that the inventive system and methods easily
can be adapted to a wide range of specific applications, all of which are intended to be encom-

passed within the scope of this invenfion.

Brief Description of the Drawings:

The objecis, features, and advantages of the present invention will become more fully
appreciated as it becomes better understood when considered in conjunction with the accom-
panying drawings, in which like reference 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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FIG. iB_ is a schematic of an exemplary control system for the inventive

work piece hol- ding and assembly systems, in this example, a negative

fgedback temperature control loop; FIG. 2 is a vertical elevation section

wuiewsafsoerinventive holder of Fig. IA along lines 5 2 - 2 sheguings207/084306
vertical holder body, work piece, thermal energy transfer elements,

Presi’ﬁféﬁ‘{_ém\%dm?ﬁlﬂﬁéswé’ﬁ]ﬂ%f‘&%? VEI8fReRts: FIG. 3 is a flow chart
shewing B seavanem et siepsciaioned vdren!ayeeticalyirizvedivwerkk picce hol-

. piece is temperature-stahilized during a machini nd dimension .

v ST, TS EREREAR P TR L e J bl
chqrfj@h@\iéi Ao, thecsEsiventa et alepsioliafead whentadhoidentdlligriA along lines
ented work piece is temperature stabilized during a machiping.an .

2 - TSR B wC bIoth (SRS stha Fles gy mem!

Vac@(@ﬁtlg@jsggﬁigamﬁﬁmg efeaathiid, alternate embodiment of the present
invention .in its isothermal assembly aspects taken along lines 5 - 5.in.kig. ...

6 sﬁBﬁliﬁdsaa\/g&r‘ig ﬁ%?&e s S é/%%r% gneés c{)e 3r%r§8\‘7ea }ee%(?éﬁ%gzr;lﬁg oriented
work |@@&@H§&éﬂ@_iﬂtﬁiﬁ%g@ﬁﬂﬂd¢&hﬂvgﬁimmi@nit&imnﬁfdﬁmss’emiﬂwmt'gpmyole in ace-
ord chords.and r%bs; FIG. § is a horizontal section view of the third, alternate

r @Wbﬁﬁlfﬁ@?ﬁ bRty B’faken along the line 6 - 6 in Fig. 5 showing a work
holgeg;with maveakiarextersignthirshptintetrdcteds &itbextended a horizontally ori-
ositions; 20 FIG. 7 i [ [

entegﬁysgaﬁﬁgﬁé%fpmgeblars%%g ﬁ%%dvelevg&%\g%{%&{o%% : éﬂée?rﬁgﬁeins}%eftion cycle in

_ 5?1[%- ion Showing a orizonta
aceH RGBS agouralelynadignéd to a skin panel work piece via the work holder

body, thermal enerqy transfer elements and inter lines; : :
o A SR AT B B 3 I e SPGB pIRg g o invendon
in iHOVMiPMashewin wanachindkded hayingad ifverBigiietimaienerggk holder with

transfe assemb%ggcht at.the bed of 25 th ﬁ%‘éhin@ 1% wm&%ir}ﬁ%ri entation for

UPPR B REFRA Y epg)ﬁsenashoglfae?ﬁnéefgseﬁ%%%ﬁmeﬁt of the present

assém%ﬂtmwhﬂ@h@mmme Wo_rk piece; and FIG. 9 is an end elevation
o a”qsfr%“ﬁ‘ palemale %&Bﬁdd{&%“éfo ihe, RresaaLIveinORRa0IRgig. 5 taken
thethermal energy transter elements adjacent to both top and bottom

alothalesinf @ JieeaFigdiistioninmotoro 80Dkt Des bl prETHiens in both retracted
Presently-Known Best Mode(s) of Carrying Out the Invention: The

andf%’ffg ﬁg%@%ﬁ&% description illustrates the invention by way of example,

not G iely af kmitativatohthie sodipefosebivaliene orphpdiprs of the present invent-
ionl V%Mre%gx%% %2@%&%%%@%%%%%“3 dl%?él-x g&ﬁ?&l@eﬂ”ﬂl led IDhe BELLP work piece via
, and describes several 12 WO 2008/063991
the RGE/LISROGMDS 4506 al energy transfer elements and internal vacuum lines; ,
FIG. 8 is a end elevation view of a fifth, alternate embodiment of the present invention
showing a machine bed having an inverted thermal energy {ransfer assembly such that the bed of
the machine is maintained isothermal and it supports an alternate embodiment of the present
invention which supports the work piece; and
FIG. 0 is an end elevation view of a sixth, alternate embodiment of the present invent-

ion showing the thermal energy transfer elements adjacent to both top and bottom halves of a

linear induction mofor.

Detailed Descrintion of the Presentlv-Known Best Mode(s) of Carrving 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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embodiments, adaptations, variations, alternatives and uses of the
invention, including what is presently believed to be the best modes of
carrying out the invention. In particular, the invention is shown in several
wembhedinents, each being exemplary best mode applicationscafitbhso7/084506
inventive system and method as applied to a s eciﬁi machini .
e R ERRHEITTS 1RG04 AR P et o e o g e i
preségresiiand i ok shiffigient e exityitaaithdmavgnpentdp particular, the invention

. interrelationships, and sub-combinations thereof si 0t : :
is Stﬁﬂﬂ@tfﬁtﬁaﬁﬁﬁa&gﬁgaﬁé %n[ esh%?t{ilg[;gea}r%\?\?iﬁ%l?% g%ii%;gé%g%%}?%%é}ﬁe%i%e mventive
syst&a\ieminefibe adrapingscshawcifisolehiaitic, tesomitysarfotssatam not
essential in th awing to a desgription. of a,particLlar e, CLOLyffici
principte’ dfﬁ?giti’r?\gléen Ponrﬁg&%gisdllgg%s%ecf %‘c%}(% i%%%%trﬁ%%t%%t ai%&‘r]ngoéggu icient
compatiadimericofang featuietenalabenshiowid orewrabirgioandhiecbespply cannot
de of anather feature will.k Ut | g sk, 1 of th
o SLRARHLRL InAcHNAg L ST OO Wik Piaea EEe Ay e of e
dravéhighohotherinvberivgonorkipisqattoltihgre ysterrseipshratis G Hgiarg addescripion
inverted Lshapeglyork piege: 32 | igal grieatatiagiatmachiBiagely, the best
Ofa(}llnall%ﬁcn&g%}"nlfggﬂllﬁeé %’Rgc{loép@éﬁ%%%c%}t%?gg&%%%v%). Tche inventive B, e D
modsyaidmdinatudes doldragisodysabsehably IPovadraingniedribniest mode of another

clamping system 14 and éﬁggﬁlﬂ p thermal control system 16. The
; %n )8 ! .
fea “&8’?@5"%8 e Ou%mb yolg ?ncludeg base body 20 disposed to rest on and

$ UL B Avirimi Sk RS ‘-machine 71 by
bolts, 102 with,t : | dts tigB3RaMAikSus 10 holding
do&%ﬁ%%%%ﬁg%&}% %eg,t‘g%ﬂe%%%%e‘-tail ccg%p?%) 25 I?_gécfuresd tQ _0 "
an itivertzsidie- thagdycby drbipRee ThéntiotairgehedsniatiamPpBry intan Sl 58 waghine and
matingly aligned b r ingfi di afdheyRO12, vac-
too}b%t%%%%?%@p%%% ' (?rli{ %h%%%@f?gﬁ%%%%%lﬁ%wmk?p%ﬁhe 2, voc
nunexterisitnalrdgniysria mutipld pietdloswithan disansl Beatg! SBIPhA& both
pzjl:br%fl(% 1%02}{%]1%% BXIRNIIQNS Y 1S RRM&,aRdBAad Y SHIGNAIANIE 2LAYE dhd be secured

ality o egrdl countersunk through-holes 23 which accommodate

to solavdowioes ey v forBEanapiar dhcHoRRGSIME thigadisgwork piece 32
stax{tglg%segé%ol y%%?%gﬁroﬁ pplagedindReRRsa ety meraey i2QettRgrbhalove-tail clamp

) y and extehsions securely and rigidly hold the inverted

25 decshapecthedriscieds B2t tAS Tarikelitchandn 2PAS I GHESIOM S pre matingly
alighb Sxtension 22 hold fhe Jeg 32a.ky @crapiuip aF st meeaa¥sabepending on the
clamping system 14. The vacuum clamping is implemented via a pluralltg/ .
confipvatwnnictnduitk 834 hragants bR HRIBS A EIR Ry Sr Y44 the body being
20, %ﬁﬁvggtg %’lgd%Q%?lQeSSH%hQ&ﬁH_'%@ SISER 1Ry LMASNIIEEROE a plurality of

emplaced integral in the bodies 21, 22 adjacent the marginal edges a

d
inteppaltainmesiiont SeabehdrmiserdBoitiesererareds 30kb ﬁﬁ‘ﬁlp‘é?}rﬁéf@ shown for
clargt;ﬁufgg %ﬁé%a gylr% heat dLansienpades A7 oWWenkinglogethe bake sit@ntmember 20.

ndrica 30, cylindrical seal grooves 31, 13 o )
Together, base body, body and extensions securely and rigidly hold the inverted L-shaped work

piece 32 in the vertical orientation.

The holding body 21 and extension 22 hold the leg 32a by a vacuum or/and mechanical
clamping system 14. The vacuum clamping is implemented via a plurality of vacuum conduits
24 integral to both bodies. A plurality of seal grooves 31, generally semi-circular in cross-sec-
tion, are machined or emplaced integral in the bodies 21, 22 adjacent the marginal edges and
contain resilient seal members 30. These seals 39, 31 form a perimeter around a plurality of heat

transfer plates 27. Working together, resilient cylindrical seals 30, cylindrical seal grooves 31,
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WO 2008/063991 PCT/US2007/084506 vacuum conduits 24 and vacuum

manifold assembly 24a, 24b, 24c, 24d, and 24e allow the vac- uum pump

44 to evacuate the air from the back side of the work piece 32. Clamping
widathaboealse helps hold the work piece 32 in place. Thus, a pluralidyeefos4ses

vacuum chanical clam ment reI ated along at least
v A B A SO Pbed o er b peibddp o the vac-
uuinqtherddlassacmbly mrmprﬂsm tgbacaliet fivid giobyese@mNDBIGMAg bar 25 also
he@ q% Atﬁngf'oq theegé) A tension %f rtese fluid channels, . shown
way of example as acﬁeg%l; GVRERALTY f MACUWY S il clamping ele-
mqnmaﬂelo@paﬂ:etd)@ﬁrteamemam ofkie @pﬁmtaaereﬁgteaﬁhker%ve peeciaed

with ductlon or heat tra Iate 27, the outer f f which,
27a, fg mgln grne RO asﬁ?&trﬁ COREEEWAR m@FWo? Rl gTpssyshannels or

comuftuwhpmur@:laad afivacensorclnieg: fadichansies Plakashy WRBYT example as
ncluae one or more fins 43 tr}l ro er inta.the ﬁ% % e to assist in heat
|v(ty b

¥ iERSTeF R Yigh theTmareot T SRR TR BGBH e Rgropen face
of thehflgricbeo iklitse26yidhl artemmmat@ pelemeardss43 plac alf kabtansies of which,

lates 27..Th Ilq urdtranserlrne 47a he circulation pump 45 form a
2 T e O ST OB SRR DS RLBE essore and
vathoau @hﬁm@eﬁmﬂd&ﬁlﬁbﬂ@dﬁihﬂm‘mﬂmbﬁﬁb Qaﬁt@@ﬁhﬁ’a»@eltﬁlﬂ Wl B8 troject into the

maintain the iece 32 at an isothermal fem he act
oA Bt BT wark e T hSHHGPEA By AL AT rough cah
of Qenﬁm@ cdﬂrﬂmesZ&(SEMMIImdmmleﬁmmmﬁBlﬂm&lgl‘haabHD th@sfer plates 27. The lig-
utrfﬁr Iigseclgg g&lj m%ugr?té)?#lgglg )}%{1%%? qoi?te”irf: é? N Flgq&tg)éircuiation circuit
thdneammg/ﬂmcﬂ]ﬂg Qﬁﬁemmlg}tﬁiyytamﬂtgﬁmhzelﬁmaﬂybﬁtﬁbnllﬂbtﬂ’\ﬂzmdﬂpibﬁe or cool the
% ce 32cis t%Iled the Sta %zed Surf ce. é‘ne 20 o osﬁﬁace

ﬂutﬁe WO AR Rl SHitlre tgn%%& b e“’"al time tem-
peinmustfriasveoBipgie Imaﬂorftﬂw@bmmlﬂteawls@mﬁg cﬁe\hmdmj(,saﬂsor) which sends

m|II|n rations are performed.j nse uent eratlo
o R B R e TSR R SRR BB it
aboﬂto@&lﬂnvrhefmmhec%mgeestap eodnér: dhedrivalb faa:atﬁﬁeocdntgsystem rig-
1dla agg P e{}? endﬁ: %abﬁtze IS alsﬁ( @"eq}tzg %?1§s|§a etf 1erg§tﬂ)c1‘1<zecf: gurface The

iagram of an emp ary contro ys em for the “hventive wor
oppoﬂdm@mj%ﬂmﬂthmomwrfamg il d byinkeancdsSemiflyrprocessatisthimwn in the

11’1&15? e FI%’) ?Ut(.{ d%tiglf%egétlggt[\‘elged?&%élﬁ 6&%%%303%06ﬁtr%111 ﬁll}% c\)lgeratlons are

consistiny Sf & desited tém- perature as indicated by an‘a
pedorthelaft egnehsid exp88Hichy waynoftiglampie. ok ﬂwmmmgith@m @ that position.

Thg‘a t‘&’”tiﬁrssgma [eRreseniatve, ofdhe difference e‘}c\%ec%rtlnt 1€ SEL RO face 32¢
0 temperature and the wor plece temperature sr§ al from sensing
or fvide: 20rpiandiice] 200, 3Rhis dempeliadure difference signal output is sent to

Sondh oL A SOt e TR Rt PSR Ao CREBE Blem for both e
in\rwat@rﬁ&mltqnad@ mithahyatsodeocg sithehhigly tael chelgpad astevitylflpidcess. In this
examp €, lﬁ fl%vgtyri?nte@% (ffégalt@gqnedback process control loop consisting of a desired tem-
perature Set Point as indicated by an arrow on the left hand side, 68°F, by way of example. A
sumnung junction 96 that cutputs a signal representative of the difference between the set point
temperature and the work piece temperature signal from sensing device 29 via line 29b. This
temperature difference signal output is sent to the input of the model predictive controller 95,

which processes and sends a modulating control signal to the heater/chiller 40. The heater/chiller

40 either heats or cools the high thermal conductivity fiuid 28 which flows via the circulation
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14 WO 2008/063991 PCT/US2007/084506 pump 45 through the fluid

conduits 47 to and from the conduits 26 in the work piece body 20. The

heat transfer plates 27 contact the work piece to keep it isothermal. The
wiempsatire sen- sing device 29 sends a signal along leads29a/bank /464306

the min ion 96. The yacuu nes fo re in.the work piece 32 in
P e s S P LD U AP SRS, T B Ao ol A rece bods 20,

Thsémdsmmpfﬂmlam; an/oﬁﬁmammmgrdsﬁtq;ﬁwal%@ﬁhelwm Andhemperature sen-
il 5Hl;\);lecra €.2 d Set PF T blals sdgg?ls co tlnu to be rece|vedi the MP
5 “RoUETAt PRE SR 216 (RS hER DA SHIREHAS RRGHSmB: deie vacuum

continies to' mo esignal“to
linte matttainithe/telnpecatbitaropisiziwofi: mﬁcbiﬁﬁgsrelﬁseﬂmw&oﬁdﬁeémﬂy,. The con-
SSIb|e Of course, on illed in the contro s art will reco that it

R APV AI R 1 RDPY Ary EAEERS RLINDEL 5P A et
andfail&@blat émtmgwsmﬂ@ 1o thechrvesnt] eeSystenms angkiinalk st ¢hodaniolhe signal

ems are ea nfigu or others designed, for thi eC|f|c
o DR i 1L R LR oo PR SR o el e 32 s close
1so§’m9mmlgmh1mbﬁ)biy mfammegynemmmmzthm@ﬁgmhmﬂ; meegn&% Ithat it is a
eV rtlcal or| talon asmg set cIa pin eIe ents jgown
cla

%§ Wway o us%ra ion. p(f/ove?faﬂle Mping biock D5 BEE ?EI%VH fontrol systems

to thelthiéntiyeboht 38, amthénetpthpcrmteop@ﬁtm agaiasi yhebaakaiderafiias: designed,

for% e o&l Cdo tail 32b. Cyl- inder 34, in base body 20, extends or
retracts a §%tw}ﬁ|ch moves a spherical joint 36. These elements

rotaié@ﬁne ntwidedcvetail clam pfrt@etntppﬂmtzﬁ&ﬁﬁrguﬁr@h@dﬁ@ A9 S and body
t5|de face o Lﬁﬁove 2b to compl ethe clampin .
e r%SrIn% ?}on (‘[V?{krP E”Cg %ﬂ e‘ﬁe irﬁa?%oplu%htg/ao‘cfmgm get %fc}ampmg
eleputter shomin Mm&gmﬁdlemﬁawhfcm&im hlaidtﬂng\mmms«’mw@waw&) is held
iC rity). for anchori n to.the base Ide Isp sho,
b R e R R R R R L SR SR Rz o

1ndmé4em;besaﬁw@ycﬁﬂm’ecww:tkqmeﬁei&2 2 Dpf3tiohidn mpeeaﬁaphéheamemmﬁ These
cord.wit Ve t|on for rfaces

res ntl n ICa
cle BRI eSS N OLGRIS MRS (0308 8087 against
theex:amial &@&b&we\‘weﬁaﬂéﬁb Egﬁmﬁew}wﬂamﬁbwtﬁempmfam&iéﬂdeﬁ in Fig. 2).

nd 4 for hod p ratory ste ‘
surfi?'}slvc%eil qeps de/ron%ﬁjﬁgr%grgﬁe}%ar anée S%‘DC% Lee a$ I'—dOWE)bOhS (not
shcwfrﬂferwbrkmlé@eaﬁﬂw/mgetmmmcbﬁat tobln2las thestefercincentstiamre sensing
dev%gy%§1 I)%er:c[n ac?c')%'vfgz az ?ﬁEQI&Q&eH%Sr%%%E Thrlg’t reg%fet& work piece 32.
mac may per non-isotherma Iy upon isothermar
Opeoefimgy/heating, these flat surfaces become Stablllzed 30 Surfaces, as

def'ﬂ?%fe?ﬁY& -IEHLQ h%ﬁmﬁdg% ?&J%ﬁ‘let él?tn 18%[2}%&1 %Qla ﬁll\{gzr)ié vertical

plece 32 1Is nof accurate enou to act as t reference datum su ace
surfgittroest deing)anadisiroditdiaispeftial fivation. wisopisne Blniflelsive bxtvusiof example

by ?é%eir%l%redég %ﬂ'é\é ri‘l{', in OdrEafy @x‘ﬁgpgartaﬁl% Ghe ﬁé”rb and 4 for the method steps.

As a preparatory step, the back surface 32¢ (Steps A - C) and/or the bottom surface 32b
(see also Fig. 4) of the work piece 32 is/are machined flat to serve as the reference datum
surface(s) for machining the rest of the surfaces. This reference machining may be performed
non-isothermally, but upon isothermal cooling/heating, these flat surfaces hecome Stabilized
Surfaces, as defined above. The “as extruded” surface dimension of the L-shaped work piece 32
is not accurate enough to act as the reference datum surface without being machined into speci-
fication. Also, one single size extrusion 32 is ordinarily milled into many different sizes of strin-

gers. Thus, the surface 32¢, upon machining will become the reference datum surface because it
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gers. Thus, the surface 32c, upon machining will become the reference

datum surface because it 15 WO 2008/063991 PCT/US2007/084506 is

held by the inventive fixture in a single-load position. Accordingly, surface
waméwstas to be reference-machined. Continuing on Fig BeBtepsoisBe
- ece 32 is loaded and clamped |n plac to 20 vat
. %ﬁ/e\gﬁ I£Ihellllai?‘r\r’le|51$tl ﬁ§%ﬁﬁ?¢ S%%(rf\eglreagg PP Shat HhE Or tr%llﬁ ?8?%%&5@“ has to be
refgizrmem&chivecdesilient cylindrical seals 30 of the body 21 Next, vacuum

P e R R e G ORI i place to

against t 4 conduits Aty
bag 2 Ofﬁw&)ﬁdpr@wlnammo% fiishbbchinectd iapgroptitdte }mmflguﬁﬁjqﬂates 27 and

thegﬁgh (%Xlg&? %iﬁe 2RE gH Igﬁﬁ enBQ'otCP Cﬁn}l{g thz%rlg}‘grence éj Or%egLErI;g é?lrto draw the

uent machining. The vacu dGwh'is Rihe
work|psed2Step Be th@dgthemmgam iaplamdd2 1 Giarcsapudithe. O 13her half of
he'® ting.to the bod 1, Ste ot ody 21 and the bady .
e;%gﬁé{.}f%%g%%ﬁl% g%rupaffy fia cﬂprtljéEl ! Si%wteé‘r:af e%utr{ftéaP RORR A S ation and
highbleseeBpinedticatiragte mpﬂmuervalﬁédmngﬁﬁeweimngtﬁaoamm%m rigichining.

thoo R NGBl IA oo TWMDR" A LRGPk SO Gl S e Sition 2 is placed

these countersun roug 0 es O matcning n
on festeflde brdye bodfadbafhboltont fate bﬁtﬁlyé b,cﬁ:tygeﬂeﬁmhrﬂ%e&j‘zend&d the body

extg?é%gﬂrﬁf ?ajvg sional q %th%n googn ﬁry u Wrouan 01y fitsPaped at rege-

itionall y rou ed via vacuum nires to- vacuum ¢o
lar ml@grdBt@lth ﬂmdyle)génmanazﬁn‘ﬁhamdumqjmmpanﬁomt restateddoof bolts (not

ion a ork pie h I against
the 1i:rgneiel{rls%ﬁlgt?)ér%at a‘% %]Ta%e(:@#%lg%n%@heox Wlﬁgllo 5% for ftg Ba ARces matching
nutﬂwé?ma@mﬁﬂdgmyméxgbe@ﬂ F Ihbdrotarfaos afelednutedxStepG2 Ciraalaiiche dimen-

oPHMR4R N fuidsystem 16 ds tyrn t N9 Unuo circulate th
SlOhigh tﬁer aIgllcon uct?wt)t}%L t%ld Zg &ﬂ er};tk%%r‘ger‘r(\ié%%nél achln%n [hngm Tines toa
plurgibhrdcrineinspedtion 2k merfoahtediwithalyt encvisigns Wd‘ﬁkepwemaﬁpump 44 is

res‘é}ﬁg Jt&"cﬁé% %l’ml éfyf‘ J:tzac% %&E%rrﬁg;ener IIQOWOE € %g‘g %}tl egainst the

' pI’O(_:eSS starts tO eat € WOrK piece e temperature sensin
dinpgyiegistdasia pbme spdhd giyernipesam A rﬁseﬂfﬂmmmémm@nmmg cycle, Step

F. ﬁm@cm%ﬁ&?ga@@ég}w Ié%&?@g&% g%? 'a%%%elgtﬁ%&ef? t%ylaolé%md on fo con-

e contr er", that provide tput signa
tinypeaterrehitarate e g theroelingrandtivimnBing 2% ielhigh Itd'«mama}lg machining and

“oncf?{aghiﬁfé‘{ﬁéﬁag&ﬂ%é%J%e?%éﬁ%m%@[m% gg%%%fl? tfase anggr,g S

he work prece 32 temperature progressive rises higher a
overtieepd.on é@ttbmmalt@mwrémhmmr@ @rtmmai@meo heat the work piece

32, %@{&E{ﬁgcor% 4&15919; 95?%85%9%?%% t'&S&%ﬁQ&@FU@ of th;e hian se. The T-increase

"therma UCtIVIty:ﬂUId or increase the cool ing How rate.
signaliffiomtém pesmm&meeu%@wmeb‘&mmmhetmmwmtpm@ez Sihe control-

ler’mﬁa(f%%%ﬂﬂg%%@{%%ftesr n@l%f?ozlﬁe ﬂ%ﬁeﬁg?ﬂ%n%g% ﬂﬁl \ﬁ térgép)l%gramng E)‘El.?npmg of the
cooler, conducting ther energy away from the wor

high thermal conducthty fluid 28 through the manifold lines 47 and the channels 26. As the
work piece 32 temperature progressively rises higher above +1.0°F over the 68.0°F set point
temperature, the controller signals the heater/chiller 40 to progressively lower the temperature of
the high thermal conductivity fluid 28 and/or increase the cooling fluid flow rate. With a temp-
erature differential between the warmer work piece 32 and the cooler heat transfer plate 27, ther-
mal energy flows from warmer to cooler, conducting thermal energy away from the work piece

32. This process continues until an equilibrium is reached where the flow of thermal energy out

of the work piece 32 eguals the flow of thermal energy out of the heater/chiller 40 condenser
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32. This process continues until an equilibrium is reached where the flow

of thermal energy out of the work piece 32 equals the flow of thermal

energy out of the heater/chiller 40 condenser 16 WO 2008/063991
wBGI4SR007/084506 coil to atmosphere. In Step J, as the prachininges+506

racess moves from roughing to finishing passes, much less thermal

iy
COlenoe?gy{f%p generated by the cutter so the flow of thermal energy into the

worlmfiep 325 progradshielytapess mifvSifioiianeghialy idMaistahepasgys, much less
continues to flow fr he still warm 5 wark piece 32 to the cooler heat ,
e e G e TP R AP LRp dreFAu S fabe work piece 32,
progeaevidhilpedOointit theltemperhtuienithenergpicpieta 2 sritve Sbelane still warm
e.+1.05-abave- set point. At this point, the temperature of the high
e R S RS i e BRUARLRE gfapens 43 o
thegaatdatiehiEatét/chillehd ismmimont efjihal totheitempaivee biloMothePieTEE-above-
32 which equals .almost a zero differ re, thereby

ic tia] temperat ) ) o

St a1 OPe GG PARE ol HG DT CALRAg IR i it

throoghhireifiyiis dinishied26uinth eastatie tdaep clisddeRirdation yisie Mel@mperature of

wod on}!ﬂrélé%?t% ciicr}?%la&a% isa?églggngal quigiC%t 68Elﬁgrom thetheatér/ hiller 40 to .

Malntain the temperature of work piete 32 o iR BIHEI R B LTSN Rep&Resyyely mini-

mizmStemdlerafterthanabekapigce32pagses, inspeativhinthe clesaedeaptliguidsed loop
is shut off, Step L, The final cut-off pass is

o oA LTI RS W & AN BT Nl b6 degrom the bt

made wnicn almost separates
chidavéial matesialiistemMradine vaouwpRueirisehsteil Whadeedyinspectad.

extension 22 is.unclamped and removed, Step N, and the work piece 32 is )
OB BR o B cH RIS 1 on GO SRR RG. S o1 Bt dgeireutation

systavataihshpcs itoMEr Ssepriclamipeinsandremeyad along: WithcBi¥most separates the
Worrlgml%i;réi %%Itg}igs,hSte}Q P.T eo Frations rg,etho for_ a horizontal work
pidce 15 Shown if ﬁi:leg.cﬁs.slncheé}AnﬂWgah & itfe GIEHEWBIR pig sgut off, the
bod32isemamhiied fiatltmpedvuadscthewelcsanch datlifesusiagadey 3lis broken-off from
subsequent surfaces to be maghined. The blank work pjece 32 is loaded
e T A 0T T S5 AR S BB i P ncrped
andpesitiosd alovgrkigiecs 3nisthenchlignBetpP. tightening appropriately
placed side clamps, Step.B'. Next vacyum pump 44 is turned on to draw ,
the 5 S S BERHS S-S LTRGBS 9o P Sep A, e
botwpwadd|yfaeivgp25pibot B sidehis i dhined NatasihaighitancksmoatRurface for all
Step C'. The vacuum pump 44 is turned off, the side clamps gre released
Sub%er%%ﬁges\l}vroar ef)iggtéeis ﬁ?#éléé &@%ﬂaﬁwﬁ’g&%ﬁ% g é?efq'ﬁ‘P@tZ%tL‘?‘.’ fapeot the work
holdungls piece BRhisheluaded fdedp, ptefHE' posthdiheflabstraight EMeaibn aligned by
ottom face to holdi he work piece 32 is t

e R BN T SRR Fotop P TSGR BUR? i Bd on
drave turneaibacicod? |tidhtbpagijthetivi dotatiomyfunpads 5730Teneshoipteardly facing
“ofi A HOL RLERAINT M2 SRR S BAJOR SR ORI GBS SR 44 s momea
off, the side clamps are released and the work piece is lifted off of the work holding system,
Step . The work piece 32 is reloaded face up, Step E’, with the flat straight smooth bottom
face touching the holding body 21. The work piece 32 is then realigned by retightening the side
clamps, Step F°. The vacuum pump 44 is turned back on. In Step G*, the circulation pump 45 is
turned on to continuously cool the work piece during the machining and inspection cycles are
performed without moving the work piece 32. The temperature control and machining sequen-
ce(s) described above in reference to Figs. 1~ 3 are now repeated as Steps H' - N°.

The inventive isothermal work holding system is capable of stabilizing work piece temp-
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performed without moving the work piece 32. The temperature control and
machining sequen- ce(s) described above in reference to Figs. 1- 3 are
now repeated as Steps H' - N. The inventive isothermal work holding
weysigmsdgeapable of stabilizing work piece temp- 17 WO 2083/Q6380bs4506
PCT/US2007/084506 erature, on the fl heating or.cooling, as needed
e A e LR ek R R S, SR o
of FiSdsteps N' - PhanteRigetafitepsof theNwoflhpieosdheentif ehanaciingece, the entire
se,.and work piece holding fixtures can thDe contr “Aj%[j to prevent
e A e G Sl e Mgt condense
tiopoid pacudiomdiuskesigNificantccanceissabohdh da gl babdén dxtridivmt condensa-
tiolﬂl[jg}lcgﬂlﬂ kA 'tégﬂgn%/ l?rrdllflilll hccr)g!ﬁggg ho%}yﬁgl%égm%lge{[/éj %}.}rr]rt}itéﬁ%_t%le set point tem-
perature can be raised to prevent or reduce condensation migh
pedaiterfere htteispe tativersninothaladtecnadivez de tmi difighs intenfdoe wisk dperations. In
thePgliage! R,gﬁ IRiNg.Qperation é[fréﬂi arily., the system reaches _—
s e Mot A AT PRRISRy, Orcinariy,
sysg8rOfadhds tiivem alcvpmiibgerantdiuvctiorofibhedenlsativein ork piexterb oltles O °F .

system is;t i 10 damp_out K piece .37 vibrations which cause. .
chator S e B O, U S YRS S SR8 s o quiny
damppefetabiyiforece & Trow atioigi dvin alieriabh alvittgra Righhdhimpinge 2@ dexy.21 and body
- ently. preferred polymer crete material is,exemplary of .
e R e R TR SR S provers
Theelereaitiy thelafodeplinitioonattrinlatarisliirablengdatywier wercrdtbaging the required

proBRURDIRTAR KTWNIERIRARIRDIR BSOS CRINRIAIION MORIOMENe Filliabie po-
5 Similar formulations under the generic category or polymer concrete
lyragreconaim drervalablssiteae éT Wakiels diphicl ResRo |G OAST Ond/Blitsaniery ville, PA.

Six%ﬂiﬁ' pauMl Srcoamiz %E*Eén%lff‘é%a?é g%ﬁtgf -?(r)! @ﬁl@? %XH&E%Q 8 %ﬁer various trade

ases and support structures for machine todls, precision inspection ma-

nagpingylenea wislés’ beiieshbldton eerinagiapseyssiighientass of material as
haviHPRRESA0¢ DENCheS07s|A56% QRiicR ARG %aﬂﬁég%&g“tﬁgégg%%ﬁ?i%ecﬂon ma-

However, heretofore they have not been used as 20 suppor les for
chiggfel et ytahlebnieisi-patkwork larse dhatranbe fsivrineri s8Ippgbly avst benches for

1asGORIEIRE GathRB&GBF LA Wide MATIEM OF ShARREANHHEIUORS WhiNRen used as

same manner as zero slump concrete, as long as volume and weight are
SUPRBTtPediRS HAiARd iEtsihpHe semsrtosding ek utiprsein Thersrspyed Hlags#f polymer con-
creRQPRTBIING BHISRASIMilRLIQ danse dineraingd Meshapile 5ashifoR zero slump

Alternative clamping systems may be utilized in the present invention, _
congIgte. AfdGRs 25 SEREGIFINE R dsR QAR EBHiuNEsRIEI Yaa dRadiRg but not in

tenSIGHNRSHES ACGRAGANER Ytk AbS et do8.far NaldiBg Wor K RISEESe kst iron.
locator pins may be used in conjunction with vacuum hold downs, or any

contbilsERBH of |8V 828 deoRH BT LB T ePlesEpp bt ©-8-» integral

locMaghiyngAnE ARSEMbINUMEsaSPREENVINEISNRIEmP tik-869aREL with the invent-
. embodiment of the invention, as step one (referring to Figs. 1 - 4), all the

ion for holding work pieces. Or, locator pins may be used in conjunction with vacuum hold
downs, or any combination of these alternatives.

Second Embodiment. Application to Machinino and Assembling Aerospace Wing Spars:

In this second embodiment of the invention, as step one (referring to Figs. 1 - 4), all the
work pieces, including the wing spar chords 50 and the wing webs 52, are consistently machined
by the inventive vibration damping, isothermal work piece holding system,

In Figs. 5 and 6, an inventive holding system is configured as an isothermal assembly

fixture to maintain accurate mechanical alignment of each individual web 52 to spar chords
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30 work pieces, including the wing spar chords 50 and the wing webs 52,

are consistently machined by the inventive vibration damping, isothermal

work piece holding system. In Figs. 5 and 6, an inventive holding system
wis negbgiwad as an isothermal assembly fixture to maintainpaacusader 084506

m anical alignment.of each individual wep 52 to spar chords 18 WO .
SO R T DS 00 A 00 Shia U ik Py B L feriea s e automatic
allflangaked ba, avhilethadé mporanyfasténe rshbdgrefamtandaticthalsinbtatiaber of tem-

by an automated rivet.machine (ngt shown). Fewer than the usual number
PO e e e o T Tl TG R o Mo 50
a, Bparsth otebthiz sparchodds 5@ eadnandithenvienh? @re-ddsutiedidymtia cooling sys-

vacuym. channels, and.cooled by the thermal ¢oaqlin m 27 in
e e D o B SRR TGS 2 T hdeabie work
piemowediepywork Sicdesiacknsiup pastmbly. abpigdnisantiveadss@oalytk pieces isothermat

aratus maintains the work pieces ispthermal . and in precise align t ..
o S IR SIS L R GBS BIRS WS ViB Tty [he vibradon
dadpmpmgpropef thobtherpolymearednbeetetinpesenity providesaeatreitetensioning of
repeatable tensioning of the fasteners by.the automated.rivet machines. ,
g G e B S D P e Bider orose
or mominail€ henexpaisio nxphasnge sleapsechbyethisy ambiehideruperaturee deviations.

quiggggr%finﬁifc%dia%%o%Q %%%Lt}i]f%n%l c?id %fl?ntearggogfrgéin %@bo?i%@%o %vr})rk piece
isothermal work piece assembly iXtire system and method Is the
assetirblin tiorrof wtemstim ate th8D%0tbf thenoostsrofhaarstimbicindiatied the costs of man-

r f nd.their proble ic, imprecise manual
B B R e removal.
agaivstaiicalipacetheupetl S2pe helddd prestsawingisyalighores &Qand0bo, spaced, up-
[ also held in.ali ith,wing.ri ts .51 and its flanges. . .
P S D AR T 1 A Bine b posts
51 20 izndapges Ateslopatet awnddive tepengihdlotve mingrgivaliedgek bbiding bodies
ng Wi in- 1ai I : Ob-i 2CIS .
G EENELNED Gl e Rt NG S RS e ARG 52 0 mein-
taifpyhi ade20mgrebiers s affth bo ltyevotehadiggnstrswhbip metdribpldesbeidis @Oments 210,
h( Fig..6 0fizQ work holding bed . :
e L e SR T iy, A sercs
55khemsechiel (savdFaptiond korieothielspanvihly wppkhddiagdicwelcheidingSU and 551

are TSI Yt A BIAPIROR Spen schRmalioal B P;%IS @Wing upper

ut optionally, in at least some of the sections of't ing

ot/zsEkmbhh20n2 bosBwldhy 2k nditeof 1A \rday svedmaticaliiten Hégdos
/o] i ided..: : - ents:
et Rty BECSbiiene Mt SRIE SR kon OB R oay assembly

20,%&)555&)3@&1@&_%@@ ipif pﬂt@dé@m,afce@@sr@m@dwct@@ﬁe mi_dsitle’lafese move-
abi)é"&?x%?%l{? 5B %{%%Q%ﬁﬁ%‘? ég%r%[%? ﬁé\i;l?:%&%ééi ﬁ@%&ﬁf‘ég ﬁﬁ t&‘??!ﬁ}’ These moveable

permits the re-quired access. The arrow with the letter V indicates
sectionh &L H DL this eerieiit pladaitsves tacases viacgdedysttn bAck side of web 52 to

permit access to the fasteners 54, and their refractability permits the re-quired access. The arrow
with the letter V indicates connection of the vacuum conduits 24 to the vacuum system. A
plurality of fluid conduits 26 having heat transfer plates 27 are located to be in contact with the
work piece to cool or heat it, as needed. The coolant 28 is circulated through conduits 26 into
contact with fins 43 and heat transfer plates 27 held in thermal contact with the respective wing
spar chords 30a, 50b by vacuum. A plurality of seal elements and grooves 30, 31 are emplaced

adjacent to the outer edges of the faces of the body 21 that contact the spar chords 504, 50b.
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plurality of fluid conduits 26 having heat transfer plates 27 are located to

be in contact with the 30 work piece to cool or heat it, as needed. The

coolant 28 is circulated through conduits 26 into contact with fins 43 and
wbeatdraasfer plates 27 held in thermal contact with the respectines amings4sos

spa%cﬂ%egg 20: t%(py acuyum. A lurality of sea Ieme ts anéj rooves

30, 31 ar ermp%(?ga djacent 1o the &J[?erﬁ(/edagteseo the fad Hogygpar chord
302225Qha(lmbﬁséc&msmarwlmirdmﬁ@wﬁﬂblﬁ&ﬂﬂ@@@ﬁ&ﬂﬁmm) Both of the upper

07/08450 temperature s res temperatur

amﬂ% a%?%% and ttgﬁnﬁspggch%rﬁé 80 and it§ %581%9%6%"%%]{% Pust slide
methengonirohengmod sh@mgﬁhrdlth}.r@f@qme)lﬂﬁﬂmaﬁtthle hppexdiandddweend walls of the

f in 1aref e th heav robust
o e e PR S DR SRR AR 2 prci
alignaeivts et ﬂmhﬁ@mmﬁm@&bbwmmmmg a'imﬁaelie\lvlsﬂhﬁqtaﬂy) against

[ | ksu 55t majntai reC|s nmeng wit
e ot 1 G LIS o RGBS A Burtany hom fce of
eacégams@blhé)msmtdﬁth%mbgw U@mpp@ntaiéspn&pﬂbiﬂef@ Hsubseigueisteners to

ati Thef nt face of each ?1 ack su ort 55 has jntegral
P Vo o Ok e S S b i AT O e withou

losivg @xccplarp sealantreot the iaseanefsass@mteﬂ msteitedsidPsAnas follows: All the
uence of th tive assembly method step3| N

g§f1oli\]/3vi‘%§tcr It‘ﬁg r%o%%aﬁﬁée%r )ii%srh%%orts arl)é%:]é PSRRI SH' Ofncfite msertion of

the refbréhegattantitaatiew dasyrinsartion ecabltﬂneivlieg Eﬁigmlﬁﬁheﬁh,eth@pméable back

iRz fag HL Idin bod y n the Mmove ﬁle back support
Supg 5 are mo%%%%‘? Z%%r cision-align }1 SRR ‘e’a\‘?té%ﬁualgg fied % draw the
welapphaeinet dravizthe ofibb @B\wgblmbad;hedapmscfﬂ;hé‘im @ve ke bpekped through the

t thr ug h,th 150 ndu ts 26. Next, t
co B e cher oD A A s B P i AR Rty v fover
back gdreagtearsfe rdarceop n dafitAd bmdy%muismlmvnmtbﬁﬂvdoug nhseakre leng-

th, ?AQRQ %%lﬁl%'% g!%v&%é that Chpes S A r'rliL%raa%vﬁ\(zft}:s?te tgg g!%%g%ﬁfﬁ%fereme plane

firmly against the imensional re erence’p
Of’ibfal@disiébi methgbeMbebawnﬁﬂybmmlng the bottom spar chord

SO0agthe 0 four of the as bI se- 20 quence e na

e b R ST LB N e gsemoy s
quengierareemporenseiadtnahs 54 spad cpimdhﬁ%sﬁﬁms E&‘S'Qnagﬂbgussﬂi Bdnstalled with

E%f!? thelr naI a| iti ve been

temgnlled%?%gf%rgaic%{ %%g(é%%mp% n}% r pos’[ 1 |Sg€fr)§ rgg{ve SRR bores
in theiztinmh &itgmﬂgimmspaambmﬁ@dlahdrﬁﬁbma@ebfsemm'prhs}dlhg/\tsethﬂbslmm 51 is

e B e e O D e S e LSRRI B Wows s

next step en, these movea Support(3) 5 israre Row
work pieeriad l‘@margtaﬂulthgavmsu{mnshweapmreﬂatatreeﬁtaﬁisbemetep

a“gﬂl;gi?rﬁlgg lﬂ’%y'\é%glé% (El(%u.gl W§SQIS}31% I?S\% n}g%eg?i;];;r%ltegangv‘%ﬁe Vacuuin is

Fig. 6, these last two steps ar repeated In sequence
reapplied to reestablish the alignment of the web 52 in all sections of the assembly.

Referring now to Fig. 6, these last two steps are now repeated in sequence for the next
adjacent individual moveable back support 55, starting with 55L-a and moving to every 3™ or
4" one $5L-¢/d to 55U-h and so on sequentially for selected individual moveable back support
55U down the length of the overall assembly. The first set of moveable back supports 55 have
their vacuum released and they are retracted. The automated assembly machine now reams all
remaining open bores, inserts the fasteners, and then tightens all of the remaining fasteners 54

including those which hold the rib post 51 to the spar chords 50a, 50b in the first section. It also
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adjacent individual moveable back support 55, starting with 55L-a and
moving to every P or 0' one 55L-c/d to 55U-h and so on sequentially for
selected individual moveable back support 30 55U down the length of the
wovenslhassembly. The first set of moveable back supports Sechaveothebssos
re ﬁ{%‘%’uﬂ%ﬁ% ase aaglde (islh% are alrgtn%ct d. The automated assemb(lj/ _ _
MAching Now roams afl Fr8n SRy Oper BotRC iHEE ABINBS RS EIJAS! gy permanent
fasthendifhtenbaalbafihe rérainingdasfensrabik tackuslipgoiose ywhishwhelgended for-
the rib_post 51 to the.spar chor a, 50b in the first sectjon. It also 20
T RS BT & B BB v L e T R g Tepected se-
qupitisilyesithsnthechonesaaplitobaide sanpoin $&rte dtien alstiwchpesmanetthe assembly. Fi-
steners 54 .in that segtion, The first set of mpveable back sypports 55 |
R T R LT el B T b appectm is relese-
ed.adigoimbatnibhesdddsth stopsrarsnaw repesic dad- sueritialbywiithindegehcompleted
able back, su 55 section dgwn the length of the. assemhly. Fi 5
o B e B S g s
\aphedineneldgndicadoalloMheufvenhid hbckduShiitBhiziare
retr h leted assemhbly is.remqved '
ot o e o L e b .
iblgpatensdotrieient pAsbtiCelitsd shivarufatrgresdfyAireraft SkirmvPattetpeByion is per-
for@Y iRfRReckereNnd; istorically, aircraft wings are assembled by fastening
large, flex- 10 ible, contoured exterior panels (called skins) to stringers by
rivets. Thétagsole Bhdratiorkipipers formenuithieridisimictastagidixinre, which holds
Stage Ellaitatiepivork plepemamsaranlatiy Hapedonteitiwerk fwan inch on the Y
which hold sl +0dHOpidcesiimiapprdxiXate el ativembign merieravithin manually drill
0.030 dfcdes irechseailttie Wrsaxis Hivd 6f 0B Gasfeanrsnioh onpihecXaxist temporary fasten-
Assembiy (el tacthBntenarsallyitdl &6 ihalesgto installtig fikst.10-15% of
all fastéhersgforagaihlteementoédemspokdyyofasitnn éegitcallad taeknated rivet mach-
fastends) wdigitathizsch Saimyevitbuthe syitegnskints Daringastagef 2, fike tack fastener
automatedhasaesrisiybersition baginstAmechitenuate dhiiv@icmathadnereference point
which uilkdissatidgiopiitpridandel Bystsredifidsith pdocation Lfmfistiaak the stringer.
fastendpusngheputsideticthalskimFheliystmachipiusesdhisliacatiapost staging
as a referencbopoinh@Owaditstibrensositiondon drillifrgrholesafokthed, space-limited
permarsentgastasiretsinfoingethe)stige mabDatingrstagerd, wasikersethement fasteners
move thetkemidonsplietd bsSeniithss e apostistading iateaconara situation that an
tempor@sxratkifesston des sual rembvech fidmathegavilovardsrsidace- thmisesbmbly. Such
stringefaideqandtenor)sthhélnetanpalyi s an motfiendion peemenentng assem-
fastenerécs arehie piashn sesgppitill ststagk Yadte e sivbleg)duf wrekerisrthes.
commpsiiuationihatangs infxRsisnaed ol fatigued worker comd,, thT invention

damage the underside of the assembly. Such damage can be very cost

-in the g estsre by Sbty © wapgraks aRdime hidg s seawately maintains alignment of

all stringers to the skin panel while all fasteners are automatically installed. The invention elim-
inates misalignment of ali the parts by maintaining all the work pieces isothermal regardless of
nominal ambient temperature variation. Any remaining minor temperature deviations result only
in miniscule TCE dimension changes. The vibration damping ability of the apparatus provides
accurate, repeatable tensioning of the fasteners by the automated machines. |
Fig. 7 is an end elevation view of an inventive work piece assembly fixture for precisely
securing wing skins to stringers, configured with stringer supports 57 that hold stringers 58 in a
precise position, and an assembly of contoured skin supports 39 that hold the skin 60 in a gener-

ally horizontal position. Both of these supports are made of the polymer composite material de-
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blies are routinely scrapped in stage 3, due to such type of worker errors.

Problems of stringer to skin misalignment are addressed and overcome by

the invention in the form of an assembly fixture apparatus and method
wihatgeessately maintains alignment of 30 all stringers to theskiospanak4sos

white.allfastenes utomatically.installed. The jnvention elim- inates
™ misaﬁgnment of al aﬁ%‘%ﬁ@b‘iﬁrﬁ%ﬁﬁh %iiﬁ?rslgs ﬁﬁ%etl\}\?é?lgSp?egg’énisg&%‘iﬂ’ﬁ‘?afswpm or
bogyglr atbissh afrensriinalantiiie rtbeesneratarppoas st oa A\slyin @AIGIRGSS in alignment

JRINQr denmper jations result.only. in minjscyle, TCE dimension _ .
chhan%es. The%%%%%ﬁ?é%}a NG %Bljl’ftr)? olyt%fégziaoé%gria?ﬁls BrSithes and skin supports)
andensranesieptatabtedbnsionisgto heddatedenschy thamlingiad length of the hold-
: ines Fig. 7 is.an.end.glevation view of an.inventive work piece )
o T S e o TR 08 Lo ek Eoh gty holding
bogyithl sPimge Berppotits &7 thaeholsl stphgesst At itepedse pasiiad, safstnsion sup-

Anassenh oyred skin supparts 59 that hald the skin 60.ina
po_gener- a’lﬁ]y Hé%gfz%%ét]a %185%30%.1%0'[ (%f" these rs%ﬁ%%é?% X SGAptlots 61 of each
strisgty renpesnip osidecashiterial tipp@1 59 @ 808/RE6 38 Hifferent heights to follow the con-
- 17 cribed above f rk piece holding badies. As _
o e S O B8 S U SOl Sletachcive -
ed preipEing2t e shdngerddpportmbiciatd skinsgupidditenehinadgnment tighded insert
63 1ESP&S .og})‘e b ans. of a plurality of slots 61 (in the stringer .

and sk%rr{tl %ll?g%%]}?s ea%ﬁ%%%gﬁ}ﬁ% %ﬁ%%éﬁﬂ TR RS A %ésoé%pﬁé%é‘amger and
skippermtrin Bhdiongethiedd iy trafet e ot &.ingphodiit bf Thehadyhblders internal
to 8S6:20.1s orting. the w iece assemply holding bod _
°91 Olngesliﬁ%% in &%gglrtt&%agnﬁ%gssuﬂaf ?rrﬁ%srlgeh%gr? %Scﬁgth ea\l/}lgrté) c?r%@%rﬁgg‘& drawing.
Thesgspensioncadpitpdit assemily toinfhintaimeuit B6dy énchnyrdgsiresbport 57 and skin

rl tion; The individual slots 61 of h_stringer s 57 and each

s e R R, B RS G top or e
skigRrendridi%idubberdtioncpfthihskinnger fippqutuFality of slots 61 each

recejy e d cross pin 62 that has shoulders, ta match the slot
L iR S ae oD e R A R b e s
27. bbby iy senthedaivbre nfite stosgepisuiptig i asttlowngthecsitisigen antlcatar 64, em-
b d%%ﬁ‘&ﬂfﬁﬂocﬂ? A med in proper alignment. A plurality of ., . i
¢ vacuum condlﬁtzlsnge} E]{%%ér%ﬁ g?c? ﬁ{gvs%{ﬁng%lp U bsp?o?pgl}t%{%g t%é ﬁﬁfhﬂonmg the auto
matsgpyernsghane RodsHowseduradodhsosctile ofjivededwhingenoess Uaetiem from the
fro;ﬁ%ﬂ%”&ﬁst@e%%?@ﬁ abov_e. A fluid co_nduit 26_ in_ each_ stringer support 57
and skin 15 support 59 is disposed in association with each heat transfer
platti®7 etgatbdinttiestopssf thwpskin Suppottesn tadinealxthe 28D ofcthipngated to

i 0 . f . t Is strin 5 skin 60 .
ox SIS S IS L A0S PSSR SAHRE 5 v
the SatRgedsobpersign ahdwhehaiheticrpokitibn widicaiomtdsenblpéddadpleted). The

heang]l'gfépﬁlE&g 'f?x@ﬁ!d%&‘%%%ﬂs %[J%\f«izgga{g %Rﬁe&)'és Foc?a't’{l%%t%?%r}gs%ner (rivet) 54 that is

positioning the aut
emplaced by the automatic rivet machine, in order to provide clearance for the rivet head.

To maintain the skin in correct alignment with respect to the stringers, a plurality of cyl-
indrical seal and groove assemblies 30, 31 are formed/emplaced in the outer edges of the top
face of each skin support 59. The outer edges form a perimeter seal around the periphery of each
heat transfer plate 27 on the face of the skin support 59. While optional, but not preferred, as
essentially unnecessary, seal and groove assemblies to enable vacuum clamping to the stringers
can be used for the stringer support 57. It is stmpler and less costly to just mechanically clamp

the stingers in place. A temperature sensing device 29 measures the temperature of the bottom
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20 matic rivet machine to drill, insert and tension the majority of the
temporary fasteners from the front side of the skin 60. Note on each of
the stringer supports 57, the heat transfer plates 27b are elongated to
W@(i@rmbmg@ne side_ of stringer 58 to assist in forcing the L-shapagfaotoeisos
~_the stringer 58 against the back side of the skin 60 (which will be inside
Sldetﬁétmﬁ@%%n assembly is completed). The 25 heat transfer plate
iﬂclggggt@)%@%&fsﬁﬁpﬁdwmdhﬁ: lnehticerobly fasianaid(rivetitzers 58 are the
atis emplace the automatic rivet machine, in order to provide. .
ol B T S T o A e TRyt R, e precse
ty a[@i@&%gxlﬁ@iéaesﬁﬁ'}ﬂﬁﬁe@ andl skadityu phayd- 3P chigsed taret groosecement of the sup-
assemplies 30, 31 are formegd/emplaced in.the quter . ‘
POr{a B LEH T BB 851 e SCAoT L0t e oty Safnuously i
1ate§{(&kﬁl% e @gﬂ@lagie?aﬂﬁap&a@he@a ianistéd pipetir2 hane deweds dfe Each pre-
_.skin support 59. Whjle optiona], but not preferred, as e iall
Cisiof AR IR 1&%8%%&13@38%%%}%%‘ B RR o d s, top face of the
strifiger Sears7 cande usadforspeasidifigedsufthosbgetistimplet fandbissssembly.

costly to just mechanically clamp, the .stingers in place.. A temperature

senSiftef AR TP RTERT PSS RS &lﬁﬁ%rag ?Iél%[rf]tt%léego({ oén81 %«I}%ﬁy lowered onto
the 20RSOHRIVISP GTILISAOBY DB4HA6S siliEhfishtakinGOmEs s psdfooled stringers

precision wing manufacture and assembly of skin 60 to stringe
58 (TN REAU MBI Ao R AT A o 0.t ae-
maSHucHel eninghudingthevpresistoriyhalignedstrmgiiosuipdarsb84amdskinl next to one

supports 59, is aligned py proper plagement of the su rts apd
edgﬁg‘ﬁf&’ﬁﬁﬁla%%ﬁi?@r%gg 85 r(?)%géioﬁt%s ﬁaﬁé}gf o5t ég%%n%%%l)r i SE‘Q are sensed through

the GRALIALAUS]Y gireuntatetidwingdhelenfiraasdenttle cparalionigrranifotiion indi-
pipelines 47 and channels 26. Each pre- cision.machined stringer. 58.1s;:

cat Ia?ée’&‘}ﬁ’g%%"&ﬁé &I.l’?ré]ﬁfs‘?é?epﬁ%%g)% %s';]%a{h g){ Opﬁ?%g(s:% %r}c% £e egﬁz_ﬁ)%érhgnmem for

drilsipReft& linthese steps:ardrepaatbthioners. of five tvingpér siSBing e e, the visi-
this assembly. After gll the stringers 58 are precisely in ali [

o B Bl e R R SR AR e e

Up&a if}lsithﬂﬁﬁ@tl}ﬁ;b sty act inedsandotoslea stringeny(58apy deisedyodb ullggompleted

. against the bottom surface of the tempera I -

I R e

Fomﬁﬁﬁﬁdﬁﬂeﬁﬁ ohep g f o siwiaie S8l tNrachina Bed ko thgrmai:
Maqﬁ‘ﬂb%@%f%'ggé'BQ&C%@?H@‘&&@ Ore Wﬁﬂﬂﬁ the WWH%%ﬁstmcted from
alummum_ ski from the front side of the skin. The magnetic position

varings L5 mubioriea ol sBries st d Bt dclentechsatisATBIprevisete for the

suparc}gt LR %}a%l% alig _rﬂﬁ@fxf%ls.dﬁgﬂigv%?m&r\lg}? halesftbesifingehRadespecially

steners. Atter precisely drilling the holes, the visi- on system of the

thoaefpenafdtitp a0 rfet intsnedntds antplrsmmah&rARRT adee AT LR rame has
bedlOlBecRQN ngialing all fasiengr iand Kivels cRalaR ¥ yAGHE MaRWIR($ibEons from

turned off. The completed
the tooling to the work piece very effectively. The TCE of steel is relatively high, although only

about half that of aerospace aluminum alloys. If the temperature of a long steel structure such as
a machine bed changes due to changes in ambient air temperature, this will affect the length and
hence the absolute repeatable accuracy of the machine.

This 4% embodiment of the invention comprises a work piece holding apparatus assem-
bly and method that maintains the steel bed of the machine isothermal regardless of nominal am-
bient temperature variation to provide repeatably accurate dimensions. The vibration damping

function of the inventive apparatus aiso helps to create smoothly machined work piece surfaces.
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wing section assembly is now moved to the next assembly station using a
special lifting fixture. 20 Fourth Embodiment, Application to Maintain Steel
Machine Bed Isothermal: Historically, the bed and structural frame of
wimaalknesieols have been constructed from various combinatianssaficasisos
iron, steel forgings and sheet steel and polymer concrete for the s Mpeet steel
pad B P AAMRECIELS fo TR PPV ITBE of DB Ry o i sheet sice
bed MBCRINOSBSNasialY. thase fommliinc208-fent. iMengthetizenusyiapindles, etc., have
material for the bed and the structural frame has,2 en sheet steel, | ;
e Bl G B O ERATHE LT e e ot
of denbitReooling totoe wankmpizservelyupiidetivaiyn. ThesT @€ oilstééd igach other and
relatively high,_althqugh. only .about half that of aerospa lumin :
: lurality of heat
to Sgﬂ%e#ﬁf‘é% t&hn %éf%r%og% aq%%"?/gli%(ig%f gﬁ“ﬁbfﬁ% %b%%rgfi %éjr%%cﬁll euf)%aw_() =
rarGh@nges gnedenohangespiagiient aindenapenitusbaphischitiaffed? thre now in ther-

length and _hence the absplytg repeatable accuracy of the hipne. 3 -
B
heaPRBRAIRIUS ASIF Mrehbe aad s atho G dhiit-mbibtains: the stow batbotttheles 72 to maxi-

. machine isothermal regardless.of nominal am- bient temperafy i 5
G S T L

function ebthersyeative appdnatyalsoibetpstalcredtdlsrivotidymping system. The

machined work piece_surfaces, 23 W0 ,2008/06399 - _
coup IS OOHOMOR B S16 S A g oy e Qs sl empers
nurSeEHin 94 atypical Bosizntiahahdetisterhtbet Hooftarvbricatpitdte of the bed 71.

antry style milling machine,.. The. u antry, spindles, etc.,. T
e S SR Bt s

cylsiaskadaneontan wieachathehuihdhedbibolsystetrimareract with bed 71.
upside-down. These ar bolté?c‘if

. h.oth dst t )
e e e e S L e o

e’nve ity of he
thellaRsferdateoB/ formikgtderadppidg facdtofitheltsangulatishapeehntersunk through

channels 42 are now in ther- mal ¢antact with the sheet s e f
holGR AR AT G LB FORTI G IRy et e B Hofd Blebontac the
wolk@lenatethsaas tothe ditegthebetddenceXistieg bixd B dolbsi®g together to act as
. max_i,- mize herma;htr nsfer to.and fro I%haehshegégl;;elel bed 71 mounted
SInglg FREhTRSHRIRTE ﬂgﬁ%‘%ﬁ&‘.gi Fhe Body 20b servés as a first, lower
Fifisothabadiband, \ipisiien sy stehC obfie garfi midrean End netien P
23 AL DR BRI ORI e be0
S 5% ol1 it

5 S IRdE] '
Hhlelft SIDIRAS BPRIRaWBors. Since
ensor faced at approximately the center to mopitor the .
theteanpenatemeopttitedpHderl maduitioffatyromereamca SR asitipalitpsst which generates
suitably located vacu Iy s resilient eyingical SeakSted is relat-
wasy Ellr? %ﬁiéo%a?t%?ﬁl fgcoe&t%]#é%%glsgeﬁzﬁt}%g?%%ﬂﬁ%dy into thermoal contact \%ﬁ% R %
ed BedcTy 10 BFhengelcondentipdoisin Sirmughibeamei taniplg s yaehnp gy can easily
re 291%- Pf‘éei‘ﬁféb(/ %S%thfnfg%l ré%ﬁ%sz\gg Q&W{ﬁ@@d,@@‘lbﬁd&&'ﬂm}; gener-
Eicludes a plurality of countersunk through holes 23 and the usual

atevatuainofothaUS 7Y, efiessaheraiierapldias 7ste MAbHm eoniEetdhe frame of

the machine, which in turn degrades the repeatable accuracy via TCE induced thermal growth of
the machine. The 5th embodiment of the inventive vibration damping, isothermal work holding
sys-tem intercepts the waste heat that flows from the electro-magnets of the linear motor into the
frame of the machine, and preserves the absolute accuracy of the machine alignment.

FIG. 9 is an end elevation view showing a detailed internal cross section of a typical
linear motor fabricated within the frame of a machine axis. In a conventional linear motor appli-

cation, the botiom half machine frame 80, supports fixed linear rails 96. The linear rolling glide
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work pieces 32a, 32b. Thus the upper and lower bodies 20a, 20b are
bolted together to act as single, rigid work piece holder on an isothermal
machine bed 71. 20 Fifth Embodiment. Application to Isothermal Cooling
wofmoginsasinduction Motor: Historically, machine tools are roovestdineashps
Ry electric rotary or ljnea tors. Since they.are curr e Al
ool RO LGP APt BT TORE R (R o Sag B STie lflecton. The
top REAKGORGGIRGIRD IeufisimeddiitheltiachinedonleiThalathough dbkea3, to the top

generated is relat- ed djrectly to how, much current.is flowing throu .
of WS R HISUTE TooT-AADAL oo BT P TSR SRy des both
posttOMAEVSEa gantys weighing imicha; GRtntb8] ariththepagenetabettom half ma-

~ total of 40,000 BTU of waste Eﬁr@% he_g\t. This wa%t[%thnelgt tg%@%'%

chingi&pe A frARR B ORRE IR PRIL SRR %br?%alazélgrades the repeata
motSCHINarYs\ia TICEJfiduesad iberaperdinghonfiitheom@phinenTifglBthinear motor, one

embodiment of the inventive vibr%t%%n iﬁr?[i)in%,ei%o{poe_rrgal é’¥0rk holding
of 820¢ §3145 hPSFEEBE A ISS IR ERE tRELHEMS ffom The elsciro-magnets of

the lineanmeiesdiieine 29 tameoditheanachineséndpreserfésihere disposed in
. absolute accuracy of the maching alignment. FIG. 9 is an elgvation... ,
e S (SR A R B SR B AP et el Top

inéar mot
and fehigRigehydthindherbamssos fumadiingd exinpimauconidntibrellifenagnets. As the

motor appli- catjon, the bottom half magchine frame 80, supports fix )
wasig hegt %ﬁ?@%ﬁ%e%%g?&ﬁ RTsiae 21%3%%53%&&& 3 {xed plate 27 con
ducR GEHESIRA0H B4 5R6mblaetits:89%tethan 13 ohahdaterhelthdaptiheaoite the high

fixed linear rail 90 by side_flanges 89b. The top.half machine frame 81.i 6 to th
thergipb SEREFBY Botth), Wa (ﬂ’l‘fn%é%s Suftethfotiah SEes 94 16 ¢ %J%o%ongﬁ #?ez o the
closiagaspiiieg glisie sploak 36 onbothaiesiknidgnbtie ineaesndodeisgmnsferred to

provides both position and. velocit ta of thetop half machine frame 81
an W?ﬁnﬁégﬁemoﬁﬁﬁ%o‘%gﬁ?ﬂéﬁ%%%%a fnie)‘gﬁ‘gr%é 80. In normal operation,
Indasifidhe hattamilinear motor magnets 82 and the top linear motor

magnets 83 give off waste heal. Depending on.the confi [ 84; "

e e S e e D
andafcghedlr evinagretwiddhispéimbitimentdatop aadibdudmtbieareneipaemandr precision

systems 84,87 are disnosed,in intimate thermal contact with the.tan anekid cool-
equﬂjmnﬁ%ug?crtn%]tl&gr#%gshgﬁcs{h%,pé%v}gessesgﬁ\?e y.O%I'o .16 and bottom fid coo
ant igmiperiatyfiscsensoe8s, BRimbnitorehe nenmpdratarenisibings deighsfdifferences be-
weh SIS R NESIC R, ‘%%ﬁ[%ﬁ%@éé@%@@z%@ﬁ%m&?%%é&%m is the ma-

mperatures, Y ate 27 con- ducts waste heat to the

e top linear
b P

eat transter
chithermahradiator etesaerit d&svhicrpimomgeshinduetd keapRrbimigsghoth of which

thermal conductivity flui [ eatsis. ia,thefiuid, ¢
T AR e B AR e e
this4Bwwhidse the hasteihdatdscinatingy sill B dhecameridoai dpdrEdigem the spirit
thertg]o% %Hd\kﬂ%éﬁ?%fdgés %e&ﬁlﬁ%t”ﬁﬁ%fiﬁ”@ﬁt}?&@% therefore to be deﬁned by the

scope of the appended claims as broadly as the prior art will permit, and in view of the

specification if need be, including a full range of current and future equivalents thereof.
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It is clear that the inventive vibration damping, isothermal work piece
holding systems and methods will have wide applicability in industry,
particularly the aerospace and precision equipment manufacturing fields,
as they provide a system for dry machining without liquid cool 20 ant

CLﬁ%g_acting the work piece, minimizes work piece chatter, minimizes height

Iférences be- tween adjacent tool passes, which in turn minimizes the

concentration of stress that is the ma- chining-induced root cause of
stress corrosion cracking and corrosion-fatigue, both of which have the

1. Apdssthrimah iviBlaliap damring prtkfaaider. anpesaissietmmesisnmsdithin the

macHiRg O biR IUERUIOR £3RaBRMBIEE PUAAE &ALl 3ty Sllm B high

without departing from the spirit 25 thereof and without un
Thegmgbhaniteiant of Frrransien (bRl meiefishamolp sagemineMiyation-dadnedf
inad G RAREBISSEAMS s dueRH b &S 6 PHORIGH YERSIRA RN View of

the specification if need be, including a full range of current and Tuture

medicalastenissmPoEnIRINS for Iaiisining he bastafisaid amphige tool
bot\RIERAHENARBMEME RfR FeaiRen Gwram@(?}e%&weﬁ%M% ipa

machine tool havm@a a base and a datum bed of high Thermal Coéfficient

opegitivg saRbERtiPGE) Adeashenenie alignSarRiDeatom thrrmea gonductivity,
low MRGFHEPEISSHISIRTBE IS JRRNERTIRID) Wwﬁp&hgﬁﬁ&%ﬂ%m

requiring mechanical fastening components, and for maintaining the bed

holdipg BrAMRembersenTissiBs s Aerirang. ideith stvelratisaprit of waskaiepes
for %%Qﬁ#ﬁﬁ’g,%MSIQ,%WQPE@@EY%@WPAE%#@%@ BEdeBSE W5k piece

/ibration-damping, low thermal conductivity, low Thermal Coefficient of
holding, BYRRIA PPTIRYHOR, A8 AMFORTEAFHHBYROTANIS ProNifRs! Hoagidiuaiber
holdiRg BBkle drarAseNEAISal ittich BiFd CRlHPROF SREWRIK ligRASy fiﬂrpﬁl?ber

machining, assembly, or for support of a machine tool bed; b) a wor

posjtienat legslirgapaenpiesmhisieing six repdimed Bdi@ at least
oneRiQMidarsd saldyvarks h@b@i%aeawmﬂﬁ@mmw&%meﬂﬁ%@%m

for securely retaining in proper position at least one work piece while

holdigrRpanPmacRrfOTeaSE RIS Wit R RasbAredRaR RESRIF YRSk AR P
saidRabepadyslivediwsdhetbrousaPivsRe Mafaidayerd hging-Rafdy on

a face thereof that mates with at least one face of said-work piece or said
congugliMiv MBS R ardad &2 sesnciation: withsald pharng AirPeF#AJA Bfermal
maiRRIMBICIH B tRlrpTaVidamh il viss ot iRden Wk o nRiripResedto

be maintained in intimate thermal contact with at least a portion of said

said,fBRRipE b Peshin FRIBRINSRIBMRSY BPRRf A aRFiRTqAkReDr said
subSt@aRineisemieskl Wil asdiatindsardenRal oy e efide RecBE@AtiBLlUCINg

vibration propagation. 2. A work holder apparatus as in claim | which
includes a datum bed of a machine

2. A work holder apparatus as in claim 1 which includes a datum bed of a machine
tool mounted in association with a body of said polymer composite material, and said
bed is maintained substantially isothermal by at least one first heat transfer plate
disposed in intimate thermal contact with said bed and said polymer composite

material reduces vibration propagation.

3. A work holder apparatus as in claim 2 wherein at least one work holding body is
mounted on said machine tool bed to support a work piece, said body being

intermediate said bed and said work piece to damp vibrations of machining
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tool mounted in association with a body of said polymer composite
material, and said bed is maintained substantially isothermal by at least
one first heat transfer plate disposed in intimate thermal contact with said
bed and said polymer composite material reduces vibration propagation.
o B R SRR W R Ml
oneladyriabhegt trdesive glate sattidideatnd saidovaidciid detosdanspitibeatiamns

. of machining 26 aperations on.said .wotk pjece, sai o& iece being i
sl e g S R B 0 € e S Bt L BeR SRt
is not conducted between said bed and said work piece and said work

piece is maintained substantially dimensionally stable. 4. A work holder
4. FARBR AbIFePAPRATANE doiaBinCludasrARIEY GURIPB R Hpump to

_ circulate heat conductive fluid through said channel, a heating and cooling
circyaifefs cansutyediid Sy sh R8P ORANE SRR SOPIRgARERRIFPT
heaBR§@F BdaMmYERRHURAS! R EraRIRT SaHdoN arkdaeklng Radrianchanaenitol

system for maintaining said work piece or said machine tool bed at a

least Qe dacerabsaidyesn hRlfine RALYARR frRpER SHEiSAIiRE BaiRt3Rine iéider
worRPRAIAKIS AT IRRIAR ool mieia saircbeabirastrbBlaltiitynasiRe foan

copper or aluminum. 6. A work holder apparatus as in claim 5 wherein
tempgatHEYalihister plate includes at least one fin element projecting into

said channel to increase the surface area in contact with said fluid to

efficiently transfer thermal energy rapidly to or from said fluid. 7. A work

1 I in.claim; 2 ' i late 1 in
R It b AR A R R A
fromvenkies|dicalamiziatus as in claim 7 which includes seal members

disposed in association with said fluid channels to assist in preventing
leakage of heat transfer fluid out of said fluid channels. 9. A work holder

t in claim 4 wherei ' \ it ia) i
6. AR Bt RP B R b RO POR R BRI S ol =
leafiroRafatmmet bibjéctivgy intoides eppateltus insriasiaine 4unaescinsadic
conp R TR e R R S0 R B s

fiuid.

7. A work holder apparaius as in claim 2 wherein said heat transfer plate is seated in

shoulders in said body along the marginal edges of said fiuid channel.

8. A work holder apparatus as in claim 7 which inciudes seal members disposed in
association with said fluid channels to assist in preventing leakage of heat transfer

fluid out of said fluid channeis.

9. A work holder apparatus as in claim 4 wherein said polymer composiie material is
a polymer concrete having the property of high strength and low vibration

propagation.
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different sizes or shapes. 11. A work holder apparatus as in claim 10
wherein said vacuum holding system includes seal members received in
corresponding seal grooves provided in said body member. 12. A work
holder apparatus as in claim 11 which includes mechanical clamping

10. RGRIR MR a MK&‘Q&W&QR@&%@i%ﬁ@%%ﬁ%@ﬁs%%ﬁf&%nd

member Is configured to hold a work piece in at least one position of a
comprifesigt tfaskione Aempeiosy, tariiRdsareaiur otaint frawerigcas efngle
d;ﬁet,%ﬁpglggym%ggvertical,. to p‘ermit' machining or assembly qf quk

pieces In at least one of said orientations. 14. An isothermal, vibration

damping insert for cooling a fixed or traveling component of a linear

induction motor for a machine tool apparatus to reduce thermally-induced
11. Nachiredisn apsiratgsoystinthiainnt@diressie gaitsvacacow Fayief systiining
. work pieces by tools powered by said machine tool, comprisjng.in_ .
el s R TR TE] £ 1205 REUNG RO SLRTAB S A ooy
membaductivity, polymer composite body member configured as an insert in

a fixed bed or traveling element of a linear motor; b) at least one channel

for passage of heat conductive fluid there-through provided in said insert

body on a face thereof that mates with at least one face of said linear
12. RSk SoiRpoRRRRMRIY B AR HSE8IR hewhickiBrRlvIRaERIRABICH R BRI mal
elerf@mductivity 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 heat generated by said motor is
conducted to said fluid, thereby preventing heat migration to the machine
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or assembly to at least one other work piece; b) clamping said work piece
in properly aligned position for said machining or assembly by applying a
vacuum to draw said work piece into intimate thermal contact with at least
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substantiﬁclg( isothermal by heat transfer out of or into said work piece. by
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pieces by ools powered by said machine tool, comprising in operative combination;
a) at least one vibration-damping, low thermal conductivity, polymer composite body
member configured as an insert in a fixed bed or traveling element of a linear motor;
b) at least one channel for passage of heat conductive fluid there-through provided in
said insert body on a face thereof that mates with at ieast cne face of said linear
mofor component; d) at ieast one heat transfer plate made of high thermal
conduciivity material provided in association with said channe! disposed to be
maintained in intimate thermal contact with at least a portion of said linear motor
component so that heat genérated by said motor is conducted to said fiuid, thereby

preventing heat migration {o the machine tool bed or traveling member.
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a heat transfer fluid, said clamping by said vacuum assisting in
maintaining said intimate thermal contact between said work piece and
said heat transfer plate; and d) whereby Thermal Coefficient of Expansion
(TCE) and vibration induced dimensional errors are reduced to permit
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signal to a controller which controls a heater/cooler to heat or cool said
errangretiedwee¢impeculinpoeiaceuraigg ashinngrasspsdhsai¢adaveska
pie&(e-selected set point temperature and to maintain said bed substantially
at said temperature. 20. A method of controlling thermally-induced
dimensional changes in machine tools having tool holders that move
relative to a machine bed, which movement is powered by a linear
16. inchustiiod matocihmving whiktethelodea the\wibia odnapokerdineosaft sy thece

steps f:aé roviding a vibration-damping, low thermal conductivity, low
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with said movable component of said , linear induction maqtor; b) providing
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controller which controls a heater/cooler to heat or cool said high thermal conductivity

fluid to bring to and maintain the temperature of said work piece at a pre-selected set

point temperature.

17. A method as in claim 18 wherein the method is applied to aircraft assembly
including assembily of webs 1o spars and posts, skins to spars and stringers, and

body ribs to skins.

18. A method as in claim 16 which includes the steps of: a) mounting a bed of a
machine tool on a body of said polymer composite material to reduce vibration

propagation; and b) maintaining said bed substantially isothermal by heat transfer out
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one channel for passage of heat conductive fluid there-through; c)
providing at least one heat transfer plate made of high thermal
conductivity material in association with said channel disposed in intimate
thermal contact with at least a portion of one of said linear motor

of of RS BEY BP A3 & BB WA RIS UIACHNG RS JR RGP said

channel in contact with said heat transfer plate so that heat generated by
body#idniieaie isesmiat ceréertovihisadiPethereby preventing heat migration to

the machine bed or moving tool holder. 30

19. A method as in claim 18 which includes the steps of. a) circulating a high thermal
conhductivity fluid through fluid channels in communication with said heat transfer
plate; and c) sensing the temperature of said bed to provide a signal to a controlier
which controls a heater/cooler to heat or cool said high thermal conductivity fluid to
bring the temperature of said bed to a pre-selected set point temperature and to

maintain said bed substantially at said temperature.

20. A method of controiling thermaliy-induced dimensional changes in machine tools
having tool holders that move relative to 2 machine bed, which movement is powered
by a linear induction motor having a fixed and a movable component, comprising the
-steps of: a) providing a vibration-damping, low thermal conductivity, low Thermal
Coefiicient of Expansion (TCE) polymer composite member configured as an insert
body in said fixed cbmponent or in association with said movabie component of said
linear induction motor; b) providing in at least one face of said insert body at least
one channel for passage of heat conductive fiuid there-through; ¢) providing at least
one heat transfer plate made of high thermal conductivity material in association with
said channel disposed in infimate thermal contact with at least a portion of one of
said linear motor components; and d) circulating a heat conductive fluid through said
channel in contact with said heat transfer plate so that heat generated by said motor
is conducted to said fiuid, thereby preventing heat migration to the machine bed or

moving tool hoider.
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