';CPé3eIHIE\"~6BT16 24 MAY t002 Title: Inproved. grinding nachine«F[eLd;of
" invention This invention concer.ns grinding machi nes.and in pafticul ar a

mechani smfo i wheel infeed in dépendence on angul ar ofientation
bet ween wor k{\ﬁm&m\m\\x\“\\m}v\heel spindl'e axes. Background to the'invention
The angul ar I onshi p between two such spindles can be affggt b
forces produced H?“ﬁfinding, particularly during face grindiné% gg& th;;
can introduce inaccuracies in the grinding process. In JP-A-63191559 there
is disclosed a grinding machine in which a grinding wheel is nmounted on a
spindl e vihiehei s Bh pdofal hyingumbethiper pendi cular to its axis. A
detector neasures any deflection of the spindle and emts a control signal
for correcting such deflection via a piezoelectric elenent. US-A-5573443
di scl osesEi £ sii igmrangenent for a grinding process in which the
- inclination of a ground workpiece is neasured by a device, and the angle of
the spindle axis is adjusted in response to a_signal fromthe device.
Obj ect of Thhe inNRMIUh FONFRIRH FhiBELNG MAREIHess &Rd LRy BRELITHE prfovi de
a_feans tRle E104M 1 Sth ﬂa{xe@b&?&mghelgaw?@!ear ti%lfie@a'it ahi @ép@@age@@ dr}/\@nghhqf&ﬁ:_
spindl e axes, so as to set an i nt ai e desired angul ar rel ationship
ot ween (PELERER SHIhATESTER YRBR B PHEPoRDE RS S AHAAEY R
subsequent grindi ng process. i I .~ 9 MY Zooz 2 Sunmary of the
I nvent i ong Agcording 9 AsPest18h the present invention there is
provided;—a—dirn&g%g—nég%?ng":Unprrsing a wor kpi ece spindle, and a grinding
wheel spindle, each spindle being rotatable about a respective rotational
axis, firple MauaLhAY MBS {ONsHPYNHAGEEE ot heusRi Bdliediker PiyotRl |
novenent about a_first axis which is perpendicular to the rot?tlonaL axi s
of  sai d GWeESPiFUIRY BOFFEEL PERAVG bt %5%?§b?%'t8a56§FPiéﬁ ¥aPYrone
spindl e apotd bRenBihg, aand, thid | fghudingrSRnsor Snacapaace el iwagliel Ng
i ositioned at three discrete points with respect to the

di ,_whi ch
Spindl e FRPTREIPEREIE Che

In JP-A-63191559 there is disclosed a grinding machire in which
a grinding wheel is mounted on a spindle which is also
pivotally mounted perpendicular to its axis. A detector
measures any deflection of the spindle and emits a control
signal for correcting such deflection via a piezoelectric

element.

US-A-5573443 discloses a tool spindle arrangement for a
grinding process in which the inclination of a ground workpiece
is measured by a device, and the angle of the spindle axis is
adjusted in response to a signal from the device.

Object of the invention

It is an object of the present invention to provide a means to
control precisely the angular orientation between two such
spindle axes, so as to set and maintain the desired angulaf
relationship between the two spindles and thereby increase the

accuracy of the subsequent grinding process.
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position of said one spindle to be accurately determined relative to t'he

ot her' spindl e by generating control signals for controlling the first servo

not or. Advant ageously the machi ne may further conprise secon W @&Z)
means for nounting said other spindle for pivotal novenent about g nd

axis which is orthogonal to the first axis, and a second servo notor
operable to position said other spindle about the second axis, said sensors
| i kewi se controlling the second servo potor. The second nounting nmeans and
t he secongd servo _ notor m t hen be provided on the other spindle.

Pr ef er abl 9 nsors are enployed. Preferably the information
obtained fromthe sensors is such as to allow the angle between the two

spindles to be accurately determ ne The sensors ti oned at
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changes in.t calculate a n angl e bet en t he two

asure nts
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bet ween t he ta\st 55 q % sul th_@ r'?the anrﬁul ar novenent, and wheel
feed cont3e0PralNgfantec! signajgdorapniyeing, ht? I SEPRTY t 0 conpensate for any
noted |inear novenent between the two spindl es so as thereby to control
precisely, the infe ositian betwe wheel |ndIe nd rk spindlg. In
bhe ar  atybaEinoedsl B8 mabEhe JBRAL RN SBinpRSs risetnd reingo ARsA s frgs
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orthogonal axes

orthogonal to the first axis, and a second servo motor operable to position said other

spindle about the second axis, said sensors likewise controlling the second servo motor.

The second mounting means and the second servo motor may then be provided on the
other spindle.

Preferably displacement sensors are employed.

Preferably the information obtained from the sensors is such as to allow the angle
between the two spindles to be accurately determined.

The sensors may be positioned at three discrete points with respect to the spindles.

The measurements at the three discrete points are preferably made continuously;
alternatively they may be made on a repetitive basis.

Measurements may be made at more than three positions.



‘In an alternative arrangenent each spindl e -assenbly i.s supported by.
" flexures which respectively define one of the tvvo orthogonal gxm\gb?eﬁz
whi ch the spindles pivot. One of the orthogonal plvotlng axes e
vertical and the other horizontal. According to another' aspect' of t'he
invention there is provided a face grinding machine in which a grinding

spi ndl e ang fsvpdsst@mm 5P sk er 81 8L ERES @ s qsp%tel YR aReseheats the

k dl b | | el t d t hat
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of the praobe nprising a servo responsive

si gnal s g’@“n’é?lht%ﬁ H%ﬁqrhéi%@%tbﬁ@ a4 ﬁ@@Pﬁﬂ@ﬁpﬁgt@l%SspﬂmddleeaXls so as; (-,

" " 'to maintain' the; désPrBaAYe14d2 oriship - betwdeh CLAL] ¥Got 8 Eﬁaﬂ%ther
spl ndl e. Di stance proportional signals may be digitised and the esu ting

- digital fHrfals are supplied to digital conputing means programmed to
conpute fromthe digital si gnal s the relative angul ar novenent if any,
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fromthe sensors and/or fromthe contro ved theré Jrom
control | iIGRPEHRE SéEveLfocsn 6’@ ﬁﬂéﬂb‘lsé'—e‘%@ﬂ? é‘@c’-‘lr@g’tﬁdgﬁal sompengafestaent of

t he vxheelatrq;edn@@aarqlr@a&na}navteﬁ@n%dj Betiveant hené ndged 9@%&19@ el wegn
in the relative

wheel spindl e.an spindl e to conpensate for any

position tg"fer[el]?é’ ?t\?oCSBFﬁgheEre‘Fﬁée Ygiralss 156RG Pé’s"&él’r%‘r Sehuggnnyheel
necessar idpined ediagid alorkarepicnllled. i nst ead be anal ogue signals, with
appropriate gain nodifiers. Brief description of the drawi ngs An enbodi nent
of the invention is illustrated, by way of exanple only, in the
acconpanyifhgode avi ripndemeii cleadh gepdntilies aSpEalhlyi el ofsugpbatedgr indi ng
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In an alternative arrangement each spindle assembly is
supported by flexures which respectively define one of the two
orthogonal axes about which the spindles pivot.

One of the orthogonal pivoting axes may be vertical and the
other horizontal.

According to another aspect of the invention there is provided
a face grinding machine in which a grinding spindle and a’
workpiece spindle are carried by respective housings, the
workpiece and wheel spindle axes being parallel, characterised
in that three probes are mounted for determining the distance
between the two housings, each probe having associated
therewith a sensor for generating a signal indicative of the
distance between the two housings at the positions of the
probes, and further comprising a servo motor responsive to the

signals generated by the sensors for positioning one spindle



e e e ey, D .~ L, B .o, 2.9 MY 200Z v C3 e
. Referring to Figure |, the grlndlng machi:ne. conpri ses .a base 1 % rﬁﬁn 12
al ong which a grinding spi ndl e support 14 can slide! ard d track 16 al ong
whi ch a support 6 for a workpiece’spi'ndl e ¢an ‘slide. The ‘gri ndi'ng spindle
assenbly is shown at 20 and the work spi'ndl e assenbly at 22, and the

pi voting n I is shown at axis A and the orthogonal
axi s abou?é%%Fg% Eg gé%kggggﬁdﬁgggg%ebivot is showmn at B. Three probes,
each incorporating a sensor, are shown in the drawi ngs. Probes 1 and 2 can

be seen |ﬁ1§t9ﬂéé 1pre_sgr@ieh313 wﬂgelallss hu erbe_by dZLrgﬁQQs]ed natriaLe tHean
view in Fi en in Flgures 2 and

e
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on the braeecasd dy viee signsd s héramvml'@ aprobeant @dld)ntohgememﬂt@t 23.

The probeémlltv\%pug HQlé@of%&ShQEﬁ%@h@f s@% iR A0S < %]teda'ilﬂttﬂ‘e

cup grinding not _ shown any type capab

nmeasur i ngPRF sPENRLtHEhPhr BYe ditHe a‘?PJe‘F‘él:??l 505|We%tfﬁﬂf apy pngedrRr

di spl acen@ﬂé Dé@@ﬂen@a@élﬁéétéﬁ gaaeefuu&@m{ Q@Wd &lor c@@i@me |£‘|er
aser | nter n thne

Vari abl e er.enti al nsfor ner #VDT) fgr orrglf

exanpl e s % H%tag'r 058 °5F‘8tIlPHea rﬂf“sptr%%er?eerﬂsodfsobégd Bht & Tfhg tSass
scal e encodxetsolAsﬁJgaéegrdérmveﬂr itdiearey farabefos tbatﬁemmngREHp sarge type
C60M nad Hei 83 A : The
i nf eed axgé/?gl érgm&??%%l C%%%urergm? %&al%ﬁ sg(?%ogr?a;&%rt or adjf us

t he work @lm@nblfee@seenbmlamnad»ﬁ sferi adjarrdtiay byheeindded P@IS\J-@lm@t or
fOF ad U%éiﬂeéﬁewﬁééﬂdbggnal?bnﬁh@ ROl Y1 RAPYt téxbémﬁehé‘.aééo‘ﬁ@ratan%S

' Shlft 1n the relative p051t10n of the two SH?W@%E@ver any of a

varlety of actuators or prlrre rmvers may be utlllsed in place of servo

not or s. contro. ectronics is no et ai is.the caontrol
For the ritorSiaEhe LEEN SR rAeReotR: RRFg R NROFR S g BE oAtk rad
within tf’Eﬂ@.SS@mbﬁl essf6adnbe22nalAogpieA %mgin&ar ewilehi apdrbprsatb- glaafnt S
ext endi ng,£40Mm her side of the assenblies 20 and 22 respectively and
whi ch ark carrle in aligned bearings (not shown) fitted into the upper
ends of support nenbers 30 and 32_in the case of axis B, and into support
nunbers Jh i RbsdPidEoaSe ©he adtswhngki near ball screws providing

| ever -actuation about pivots, usually stub-shafts on bearings nmay be used.
In the exanple shown, axis Ais vertical and axis B is horizontal. '

Furt her nthre, embotiiecaxanpf e thlroviinvpnoies liand 13 werterated)t edyverady celfl y
above an t Xi I .0 nount ed m dway
bet ween %1)&%{‘% &?WZ an{%é hg%g@agaagm Igggg'qn% 11ﬁ‘or%lhlzlgﬁt al pl ane
containing the axis of the mnrk splndle In use, the servo notors 26 and 28
move { heig; ipspertiye, 3s 04t £hBE 8¥eRahndNabrlifleor der to

mai ntai n thHe signal m eac pro e at a constant value. This the nmovenent
about axis Bis control led by the difference in the output signals between
probe 1 andnpFobe 75 aidid Wieewyenené mReHinkhshawhsiA Fegepat 1ol had by
the difference in the output signal between probe 2 and th ? of the aver age
of probes 1 and 3. The linear infeed of the cup grinding wheel is

control | eidwrd e v ed agiedeofviodhl tlereopl obes.

The viewing directions are shown by the arrows II and III in

Figure 1.

Detailed description of embodiment



) probe readlng has to be adjusted by ‘a gain nodifier. ™, ., (” e T

: ., o, 2.9, MY 2002, S, 0. In t he |IIustrated enbodi nent ,
elther splndle could be the grinding spbndle ‘“the ot'her' i'h each case being
the work spindle. In a nodified arrangement (not shown) one of the spindles
may be fipgefh, e%%hﬁl Pér 1SPichd (;egfenéi&@@%aeﬂlﬂetBbmpﬁlgegbgebals@al

device so as to be "pi vot ed by respective servo notors_about the
two orthobbonad %&%%k F%r?ﬁ@ﬁﬁoﬂ’@lql'h %cﬁﬁél%%bll‘gcﬁPiLBﬁ%et REPREERI AE &P be

arranged 4pide éx@ciaél tz’ﬁia&ksllsf El@b@twm%% shigport hegesa! aamekpiectehat

angular error |na aC|e quire_to ge caorre ;ed mi\he otg

axi s. %s‘éastjlst ?/ beld ‘Ef?%{fﬁlgﬁf‘gf §R 1O Iastsﬁg’% Si Ag E8FE B

pi vot ed am yarabditie sumtk ciiendbei sssamblfortt Be  othdr thei pdvettiogbexis
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o nofors I 9

servo notors, axi’s roug gears, Screws rostatic
. screws, aaxm:ydbmﬁ‘er‘dllﬂycﬁmllW@r]drﬁpésldllel Fedr DHDOGTr &S Fhers sttadks,

poi sson-pushers or thermal displacenent drives. The pivot axes may, for
exanpl e be real, flexured, or, generated, by neans of two |linears and

rotary, OVRERE tPTPRRS or SRERAFSEFARRTALING NG ST at iTHF t P Wof lnAt
particul aira’wﬁg§atlpﬂolséstbeaﬁaeserdan enséon is Fiigtbe griaddngrebet he

faces of n waf.er [ t, wi | ppre that, in.a Qnvent i onal

't angeneh(R 1F JHE R RE PR ahor B BRBWEAR™ R&=Epiar SoHE8s o 2fhe
grindi ng lvmmgarndi t Hrieguweoe & p2 e@edcbrrponent results in the conponent face
bei ng ground incorrectly, either slightly in a conical formor conversely
inaslightly "gothic arch” form or_a combination of the two forms . Since

all gri ndlrhfg mmﬁ:negobﬂﬁeﬁenta yam@vé &r@rﬁﬁsWWW@wMﬁéth&nd
the " 'cornérs o% atﬁflangul?r bracket 23 secured Eo QheNB¥d§OQ¥ the:

: , _cqnponen e resulting chan e in an Xes,
uncor r ectREK niBERAREvi $2bl PISt oBliE¥ stch c—’I‘Bo“rrﬁ"’lter PBY \A&IFétr b?wn)
measur i ngndthltSe&hﬁmg& torasghbendinac taratiee 2§ td§led:llnﬁecii nt/enthenbody aliove
descri be andu i.n thls agyrenent 1o c t Lon_of_t
angl e, q: ehg oY rﬁn r P ggﬁ' gp I eas‘fleﬁgrél%%%%oe{%ﬁ &prlfeggﬁggﬂag&g%%r
reduct i orb& mewntedien| thet ddragat b35t hendc otircee weasfs avetlseir @nehi s aadeby

the bandydiht & dda o rAlkd@ops  and is independent of the stiffness of

t he nachi ne.

*Where the probes are not symetricall.y di sposed. around t.he Wneel %adﬂf«Y 2002

The probes lie outside the rotation zone of both the work wheel
and the cup grinding wheel {(not shown). They may be of any
type capable of measuring distance and providing an electric
signal output, eg linear displacement probe, capacitive gauge,
inductive gauge, air gauge, Linear Variable Differential
Transformer (LVDT), or laser interferometer. 1In the example
shown, the probes are linear displacement probes containing
glass scale encoders. A preferred proprietary probe is the
Certo (RTM) range type C60M made by Dr Johannes Heidenhain GmbH
of D-83301 Traunreut, Germany.

The infeed axis is identified in Figure 3 at 24.
A servo motor for adjusting the work spindle assembly about

axis B is denoted by 26 and a servo motor for adjusting the

grinding spindle assembly about axis A is shown at 28.



i t~ 9 r~~Y ~a~z 9 CLAIM5 1. A grindi.ng machi.ne, conprising a V\nrk;ﬁ&cmw 2002
spindle (22), and a grindi ng wheel spindle (20), each:spihdl e b&ihg: |

rot atabl e about a respective rotational axis, fir'st.: mounting nmedns f.or
nounting one of the spindles for pivotal ‘m‘)ver‘rbnt about''a ' first' axi's (A
which is perpendi cuI ar to the rotationaf axis of said one spindle, a first

servo not ) per S ngdl oyt
first ang(SWé@ P gs@%iég#? ‘?9 é&g‘%tg pat?l e ﬁmﬁeg?uﬁ%%g (%L stdnce,
whi ch ar eltpbbmé@nm Iala@ﬁr@é @Ies'U@etnetpaﬂSnts with respect to the spindles,

and which enable the position of said one spindle to be accurately

determned relative_to _the other spindle by generating caontrol signals for
control | iTRE t RBPFFPSt H&FFIRITT . 12, PRMetliTYR 48 & iated iM%l AFmthe

further cosmptisl ngosechadmbRoitl B@sRANE dDIwiPhinthaggsahdiaghandspicrd e
(22) for |vo novenent about ond ax B ;ﬁi‘g ch J4s.orthogonal to
the 11 rstBRidre s Par S b L epEn B oL oEDd 6y tosbrhBre 1o positi on
sai d other spindles about the second axis, said sensors Iikemﬁse

control | ing g he 2 P81 YO {BLR by, 3 ¢ ApTBRNIERS a%cehal gﬁd £lBrCledic

whi ch the secondél‘r?muntl ng neans andytﬁe secong%servo are provi ged on
the ot hersigs nafeths agsemdfiles 20 crafnid me%m,ct‘omeldf 3@ phéebdiaxg

claims i noyhitdythe éra{%@éé @é@rﬂh@@l @ﬁ@ﬁeaho%wsqa%tea iAtBRERNe RS
clalrredlnanygneoft h th

Erece |n% ns._ in whjc e sensors provide
i nf or mat iR LhSEPPEHE T '@bﬁﬁﬁl d bét‘\%lee'*r? +1He R E?)’F‘ﬁd‘P safcbsb an
aCC:/.IVII:] at ﬁlmmtmps@dnetd numiZe e MY 208234011, . tAeneabienefasxtkahned Lineahai m 6
I N | C C | I e t.hree te t
mchino 20 L PHERR RN 01 Ly TRARLBL 1EA° LINGS SLPSLSL BTy, o
di scr et e gfoilnt shaf es noweboar ingepetyt beeubadi.s.

In the example shown, axis A is wvertical and axis B is

horizontal.

Furthermore, in the example shown, probes 1 and 3 are mounted
vertically above and below the axis of the work spindle and
probe 2 is mounted midway between the two probes 1 and 3 but
displaced in a‘horizontal plane containing the axis of the work

spindle.

In use, the servo motors 26 and 28 move their respective
assemblies about the axes A and B in order to maintain the
signal from each probe at a constant value. Thus the movement
about axis B is controlled by the difference in the output
signals between probe 1 and probe 2, while the movement about
the axis A is controlled by the difference in the output signal
between probe 2 and that of the average of probes 1 and 3. The
linear infeed of the cup grinding wheel is controlled by the
average of all three probes.

Where the probes are not symmetrically disposed around the
wheel, each probe reading has to be adjusted by a gain

modifier.



g, A machine as clained in any one of.cl aims 1.to 4 in which rreasﬁﬁe%?‘tgooz
are made at nore than three positions. g,. Ainachine:as: ¢l ai med i n.any jone
precedi ng claimin which relative:changes: in the nmeasurenents are.enpl oyed
to calculate a change in angle between the two spindles hereby control
signals are conputed for adjusting one or both of the servo notors.to

conpensat gf ofnd he1 TRYEFREEdMUHbL IR REEN d@HRG! 68 ; Bk 90ﬁ§ﬂo%et ' QHet he

spindle axis so as to maintain the desi r ed relatlonshlp bet ween t he
spi ndl e ag&IndEPI AShERAI Re 4] ATHRF | Aranfaghe t1se| AHER tbes werwh. ch
angul ar mgygrrinte .of either spindle about its axis is enployed to derive the
change in the near distance between the two spindles resulting fromthe
angul ar novenent, and in which wheel feed control signals are adjusted or
correctedImoacmaﬁéﬁ$adeafnangemehbtednbtnehbwmnvenenbbehmesmlm@besmmay
- spindles er o] pLechasly ;g p n_b
mheelfeed%%p?géFB %5¥%%et§§réE§an%§§h§?f % Su%ﬁggggnggkééﬁE &%&%ﬁ@ one
. of cl ai msgimball @ewicshi eh éacﬁospbﬁdablésst‘e@rbb9 PQ«V@@GéorhYedr%PQCth’ﬂ?on
bearings mRYREHMER BHRuSURPR v’ AsthdgdeaDi yRE4bI e about the
respective first or second axes. 12. A machine as clained in any one of
clains 2 to 10, in which each spindle assenbly is supported by fl exures

whi ch resp‘ﬁ&-tlh\eeh}bréef Lhe some ebpuh@dmmtmmhm@an@bmﬁ it Ligéde

spi ndl es 200 3. A machl i one_of
claims 1 elv?n Nﬁt}ﬁ ggt é R (0,53?4% &5 gl% ogﬁﬁ‘aﬁh ’éaesc'on%loam s
(B) is hotha@nt ahgula,zt érfa:e gorndxngcmaa:hcneq nonfiychreggiredi by sipendl e
(20) and ce; spi :»(t:f—x%):} ar, rried,by, p us S, w4 he
wor kpi ece%a %ﬁﬁg %ﬁ E(]Fge axes ela%g%garal nI SL(E: argcgétée\ré?sgg tan? l?é
three probue§fggient ﬁrar@mﬁte hef epinedlas wonget @ev@ﬁ@aﬁ’éybeﬂb@eﬁ t he
two housi %ﬁ%h %%Qiérpréabﬁs haé(xhcﬂ‘@fé%%@@@héb%%ﬂhﬂ@@t%e'b%orréﬁtlvely
generat i n% gnal i ndi cative of the distance between the two housi ngs at
t he posit 6Pf§ of the probes, and further conprising a servo 'notor

responsi ve to t he signals generated by the sensors for positioning one

spi ndl e rfe[. ge 0k p'ero;tnger spl clained in claim15

i n which gs propor Plronat %g‘(?‘cet dnceoxereex%mg]i%l e aid the S Ve
resul ti ngmgtgmal,s Qi - 2t nsegrvpo uogrrsl thnpughngeassns badyr @nmevs o

corpute romvbieadial tal-ignal er any el atiye ApaLLAT: AOUETSAL Dotireny the

two spindlés, as indicated the signals fromprobes, and to generate
control sW@ﬁSF§ fBFeaaj§§PFH§'aP§éﬁﬁ9QﬂRQﬁ S R dtharak K ey of
t he housi ggsvegntai ning the spindles tv correct for any angul ar

di spl acenent detected, and further programred to conpute fromthe digital
information fromthe sensors and/or fromthe control signals derived there
from forThenpivbtiawes maysefvr smaopler beorend, Lbexeredngorsigymessatfad

adj ust men{,t e r Si r ] h

posi tion %Xt&géﬁgvﬁg B fg 89& ghd g?%éfsploﬁglﬂéﬁeﬁ%otgpe%#sg{ g%('j%r any
shift in LRESsePHt AUE ﬁ@@b@h@ﬁl@fl Fh@rtem‘- spindles. 16. A machine as
claimed in claim15 in which the signals fromsensors are anal ogue signals
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grinding wheel and the workplece component results 1in the
component face being ground incorrectly, either slightly in a
conical form or conversely in a slightly "gothic arch" form,
or a combination of the two forms. Since all grinding machines

inherently have a compliance between the wheel and the
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1OMut T 109440 (I) f?AO /qr%n |r)rg machme comprising a workpiece spindle (22), and a grinding
wheel spindle (20), each spindle being rotatable about a respective rotational axis,
first mounting means for mounting one of the spindles for pivotal movement about a
first axis (A) which is perpendicular to the rotational axis of said one spindle, a first
servo motor (26 or 28) operable-to position said one spindle about the first axis, and
including sensors (1, 2, 3) capable of measuring distance, which are positioned at
three discrete points with respect to the spindles, and which enable the position of
said one spindle to be accurately determined relative to the other spindle by

generating control signals for controlling the first servo motor.

2. A machine as claimed in claim 1 further comprising second mounting means
for mounting said other spindle (22) for pivotal movement about a second axis (B)
which is orthogonal to the first axis, and a second servo motor (28 or 26) operable to
position said other spindles about the second axis, said sensors likewise controlling
the second servo motor.

3. A machine as claimed in claim 2 in which the second mounting means and
the second servo motor are provided on the other spindle.

4, A machine as claimed in any one of the preceding claims in which the

sensors are displacement sensors.

5. A machine as claimed in any one of the preceding claims in which the
sensors provide information which allows the angle between the two spindles to be
accurately determined.
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measurements at the three discrete points are made on a

repetitive basis.

8. A machine as claimed in any one of claims 1 to 4 in which

measgsurements are made at more than three positions.

9, A machine as claimed in any one preceding claim in which
relative changes in the measurements are employed to calculate
a change in angle between the two spindles whereby control
signals are computed for adjusting one or both of the servo
motors to compensate for the movement which has been detected,
and to reposition the gpindle axis so as to maintain the desired

relationship between the two spindle axes.

10. A machine as claimed in any one of claims 2 to 8 in which
angular movement of either spindle about its axis is employed to
derive the change in the near distance between the two spindles
resulting from the angular movement, and in which wheel feed
control signals are adjusted or corrected to compensate for any
noted linear movement between the two spindles so as thereby to
control precisely the infeed position between wheelfeed spindle

and the work spindle.

11. A machine as claimed in any one of claims 2 to 10 in which
each spindle assembly is supported in trunnion bearings mounted
within a support so as to be pivotable about the respective first

or second axes.

12. A machine as claimed in any one of claims 2 to 10, in which
each spindle assembly is supported by flexures which respectively
define one of the two orthogonal axes about which the spindles

pivot.
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the first axis (A) is wvertical, and the second axis (B)

horizontal.

14. A face grinding machine in which a grinding spindle (20) and
a workpiece spindle (22) are carried by respective housings, the
workpiece and wheel spindle axes being parallel, characterised
in that three probes (1, 2, 3) are mounted for determining the
distance between the two housings, each probe having associated
therewith a sensor for generating a signal indicative of the
distance between the two housings at the positions of the probes,
and further comprising a servo motor responsive to the signals
generated by the sensors for positioning one spindle relative to

the other spindle.

15. A machine as claimed in claim 15 in which fields
proportional to the distance are digitised and the resulting
signals are supplied to digital computing means programmed to
compute from the digital signals any relative angular movement
between the two spindles, as indicated by the signals £from
probes, and to generate control signals for adjusting a servo
motor associated with one or both of the housings containing the
spindles to correct for any angular displacement detected, and
further programmed to compute from the digital information from
the sensors and/or from the control signals derived there from,
for controlling the servo motor or motors, correcting signals for
adjustment to the wheelfeed control signals for adjusting the
infeed position between wheel spindle and workpiece spindle to
compensate for any shift in the relative position of the two

spindles.

16, A machine as claimed in claim 15 in which the signals from
sensors are analogue signals and appropriate gain modifiers are

provided.

17. A machine fitted with pivoting spindles and servo motors and
sensors as claimed in any one of claims 3 to 17, in combination
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spindles.

18. A machine as claimed in claim 18 in which processed and
computed signals adjust the feed control signals in addition to

the angular positions of the spindles.



