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GRI NDI NG MAGHS ddma583 NDLE Field of the Invention Thi s i nveaticeeshrbat es

xto machi ne tools and particularly to a machine tool in which material is

?ennved from a workpi ece by engagenment with a rotating tool, nore
pparticularly a grinding wheel. Background to the |nvent|on I n many

Wagrl ndi ng processes, eg. in the mn%@ﬁbyﬁ@h@t}m&@pmgcrankshafts, it is

psual for the initial major grinding operation to be performed by rough

xgrlndlng using a coarse grade grinding wheel and for the final grinding

szeratlon to be perfornmed by a fine grade grinding wheel. If the whole
grlndlng pr dbieekd jof tehehal mpraritkared on a singl e machine then two main

bptlons are avail able: either the machine has a single spindle mhlch nmeans

ﬁhat at each successive grinding operatiagn, the coarse wheel nmust

irepl aced by TINeS fIHEERIHEI P AT EQ NRCHIRH PP LT G |R§a’?ﬁi}‘§/‘1]rq'ﬂ5éa%‘e§3

ithe total timEcHBoitast tin gmznfh ana:wmmerﬁs BEnd@r Nt \@I%ﬁ}t‘;ﬁmmwe

.

lmust be designed to have two £s. cal res ectlv ) n
igrindi ng wheBFETIHRTE wcloﬂélad qﬁ/l hcFeh es Iﬁe Briih e 3‘“% a%d %Jﬁ%% céost
jof the gHruhh@phachlne. It |s an object of the present |nvent|on to

‘pr oduce an i nproved nethod of and apparatus for grinding, in which the
lcoar se rough and flnal grlndlng operatlons are performed on a single

ispi ndl e of aBamed g th ‘ yi@# the invention According to the
pr esent |nvent|on there IS prOV|ded a machine tool having a single
rotatable spindle on which is nounted a first cutting tool at a_fixed
posi tion reI%ﬁlﬁﬁﬁﬁtﬁqqﬂg¥ﬂﬁ posesses, eg. in the manufacture of cams and

crankshafts, it is wusual for the initial major grinding

operation to be performed by rough grinding using a coarse
grade grinding wheel and for the final grinding operation to
be performed by a fine grade grinding wheel. If the whole

grinding process is to be performed on a single machine then
| two main options are available: either the machine has a single
; spindle which means that at each successive grinding operation
the coarse wheel must be replaced by the fine wheel and vice
versa, which significantly increases the total time required
to grind a component; or alternatively the machine must be
designed to have two spindles carrying respectively coarse and
fine grinding wheels, which considerably increases the

complexity and hence cost of the grinding machine.

It is an object of the present invention to produce an improved

method of and apparatus for grinding, in which the coarse rough

and final grinding operations are performed on a single spindle

of a machine tool.

Summary of the invention

According to the present invention there is provided a machine
tool having a single rotatable spindle on which is mounted a
first cutting tool at a fixed position relative to the spindle
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2 and a sep@BsleRHg ting tool adj acent the first tool, and shi-HephPaass f or
slidably noving the second tool relative to the, first tool to either
retract the second tool or to extend it i2nto an operational position.

Advant ageously the first and second tools are disposed at one end of the
spindl e, tl@ds|d deegrzthscwoling ol sedbaerbothenfargkr teelonaaki alige t he

rotational yaxing %zi Q@l&ﬂb@?'@mvﬁ%tﬂﬁi seleroebs1sHeegssiyaly t@@@g@st
"axially with a workpiece. his arrangenent_the second toql

pr ef er abl y ¥aUntt&y er’é@leﬁ F—"ﬁtSE}F*sIl HBetsﬁ%c?‘i’ﬁisY'o?bo?r to #xFeng 3t é’rﬁ&osé‘ﬁ‘ond
tools muy Repddatsiorndld wadaricdrgri ndi ng wheels, in particul ar cup-shaped
grinding wheels. Since small errors nmay occur in the positioning of the
second grinding wheel, the latter is preferably the coarse wheel for rough
~grinding V\/rﬁd\artﬂ"aegédu@ty wieelfiirst Rad issicomidhgodiselare dilsposkddetneanrs
may CONpI i S, A AN Ao (HRARE! 30 AGHeY Hk HeRAR UnTIUCBA! BEANAYI ar
menber between Torward and T €tracted positlions. e annul ar nenber
-preferably & @nmwmmaxa@ gfr sbeedotartisinadaRienghgrhg @Pindaeti ﬁ@t
cylindricalyuit emsSWdace &Icéé&%ﬁﬁl@ﬁj'éﬁqagé:rﬁlﬁlﬂw Yo ilthe sARRHKR sRITber
Is arranged in the formof an annul ar piston, the spindle formng an
. annul ar chanber at each side of the piston. Where the radial elenent is

., an annul ar i sthfis tderanidneait Nngheeaesomy €O0Dr iise ppaperdvly f aednned
fluid under to elther e side ar the other of the piston. The
fluid may breapc{ffg‘r%%lcf%t%i‘#e r(}r%ﬁ”n%r‘r}@%r gf"é’ ably air under pressure which is
1fed t hrough passages in the spindle to ports extending respectively into
?the two anqﬂhgrffpggbgﬁé'second tools may be first and second grinding
wheels, in particular cup-shaped grinding wheels. Since small

errors may occur in the positioning of the second grinding
wheel, the latter is preferably the coarse wheel for rough
grinding while the first wheel is the finishing wheel.

The slide means may comprise an annular member and activating
means for moving the annular member between forward and

retracted positions.

The annular member is preferably radially inwardly directed for
slidably engaging with a first cylindrical outer surface of the
spindle.

Preferably the annular member is arranged in the form of an
annular piston, the spindle forming an annular chamber at each

side of the piston.

Where the radial element is an annular piston, the activating
means may comprise means for feeding fluid under pressure to
either one side or the other of the piston. The fluid may be
hydraulic oil or more preferably air under pressure which is
fed through passages in the spindle to ports extending
i respectively into the two annular chambers.
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nnul ar pi stwo ss@yzes ncorporate a sealing ring eg. of resiliemndycassiosasabl e
terial, which is sealingly engagable with the first outer surface of the

spi ndl e. The annul ar pi ston nmay be generélly T-shaped in section, there
pei ng an out annul linb _on_each . si, the pistan h |
ndj acent theﬁ‘?rﬁ n[ugoqr cgl}P%Prrfg slg%on otrr(‘)lz‘o & al;@ﬁ rrLf;TBgV\h:'lygc bt

51 i dabl y engagellanthy defprurble msee@mdleyWthh|calsee&engéurﬁaeégabie
[ he spindle. f:'héef QQtOH €byS li&%%@% Eﬁytﬁbmsg@‘hﬂe' ncor porate sealing
(235

1 ngs eg. of * I ent ornmabl e materi al eal'i ngly engage wth the
F espective |inbs of the plston The piston preferably carries a | ocation

levice at eagReShifuiQF fmeamga Pind gaspecti @-Jﬂfa@iécpﬁndé\él:@.&&nl nthB@e
spi ndl e, so ghat the piston is @eve ted from rﬁtatldngr%fe %Elve t h
spi ndl e at . eREANExBPe AP TofARRLL Y | H1 Y ABvERE T 2t PHR %ang fray
[ ake t he for iiimbtehiehgiagiaded)deaith thehEdlrspr oo tecdotthingditad seednaxtabl.
ocat i on. Means may al so be provided to prevent rotation of the piston

relative to the spindle during sliding novenent. This nay take the form of
a pin formed on the spindle or piston which is engagable with a

porrespond ngniol § el My ot 90:8Ln891 NdiBLRPEAUN €l Yeapedbiyd 1VERLAS

al so extendst0 a nethod nrng-a wo i'ece using a |ng e spin
machi ne tool cyédnprisphgonbent sHgfaces: of @bﬁtﬁﬁgnﬁéél fixedly to the end
of a spindle and nounting on the spindle a second cuttlng tool for axial
sl iding novenent relative to the first tool, an rther |S|ng T

Sﬁ ing

steps of ext&RGi FFCORE BHFHI FBEFFRE0 MPYs Hhibr ﬁ kREPY?
machi ni ng t heingskpigceod thesheisRtdPd defrmabdie amhtéglhl]e to sealingly

engage with the respective limbs of the piston.

The piston preferably carries a location device at each side
for engaging with respective location devices in the spindle,
so that the piston is prevented from rotating relative to the
spindle at each extremity of its sliding movement.

The location means may take the form inter—-engaging teeth,
which provide both radial and axial location.

Means may also be provided to prevent rotation of the piston
relative to the spindle during sliding movement. This may take
the form of a pin formed on the spindle or piston which is
engagable with a corresponding hole in the piston or spindle
respectively.

The invention also extends to a method of machining a workpiece
using a single spindle machine tool, comprising mounting a
first cutting tool fixedly to the end of a spindle and mounting
on the spindle a second cutting tool for axial sliding movement
relative to the first tool, and further comprising the steps
of extending the second tool into its operating position, rough
machining the workpiece with the second tool, retracting the
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second t finish machi ning the workpiece with the f]

fn t he prefggﬁgﬁﬁgg?hod the first and secqnd tools are cup- %ﬁig%ﬁ&ﬁﬁ#ﬁding
Wwheel s, the second wheel being the rough drinding wheel. Bri ef
description Qlcdfie HAN NGa £40; EMORLLEERL 0§l DS d AU LN, Wi lorBoY: et
escri bed, by way of eXanple onﬁy, W reference o1 he acconpanyi ng

drawi ngs, i rtasdi<ch: Figure 1 is a schematic section through a single

spi ndl e dual wheel grinding unit; and Figure 2 is an elevation of a face
grinding machine in which the unit of Figyre 1 is nDunt%g. Det ai | ed
descri ption InTﬂ@egPFﬁé?ﬁﬁeﬁnW?tEHGmﬁhﬁe%éF§Flf“ﬁ& F¢ePRef EPRhR 3 AHE™a
spi ndl e end ghagedh gird niddhat althee BHOUEhan setsnd. whedlhebbbiagt wred ebuthe
spindle there is.secur.ed nmounting ring 6 which carries a cup-shaped
grindi ng mhé%ﬁl%g%ﬂgey § " grade suitable for finish grinding. Bet ween a
rear flange 10 of the spindle and the nounting ring 6, the spindle is
formed with .a s ' | t rface 12 al ong which an annul ar

pi ston 14 i Biel é&ﬁ 4 3 E%#Lgézgaéﬁgped in section, having rearward
?nd forward outer linbs 16 and 18 respectively.

' An embodiment of the invention will now be described, by way
of example only, with reference to the accompanying drawings,

in which:

! Figure 1 is a schematic section through a single spindle dual

wheel grinding unit; and

Figure 2 is an elevation of a face grinding machine in which

the unit of Figure 1 is mounted.

| _ Detailed description

% The grinding unit shown generally by the reference 1, has a
spindle end 2 which is rotatable about an axis 4. At the front
end of the spindle there is secured a mounting ring 6 which
carries a cup-shaped grinding wheel 8 of a fine grade suitable
for finish grinding.

Between a rear flange 10 of the spindle and the mounting ring
6, the spindle is formed with a smooth cylindrical outer
surface 12 along which an annular piston 14 is slidable.

The piston is T-shaped in section, having rearward and forward
outer limbs 16 and 18 respectively.

| The rear flange 10 has a smooth cylindrical outer surface which
is of the same diameter as a corresponding smooth outer surface



The rear flange 10 has a snmooth cylindrical outer surface which is of the
ane di anet avoasyemesor respondi ng snoot h outer surface VECOIHIB36
CT/ GB98/ 01836 5 of the nounting ring 6 and
ach carries a sealing ring of resilient déf ormabl e material 20. The

sealing rings_engage with internal cylindrical surfaces_of | Jj 6_and
18 respectiv%fyﬁ%e'ﬂﬁFQﬁﬁ¥ﬁ LaPPade %?dtﬁgcﬁlﬁf%ﬁ}%ﬁu?i5§%§§8€LS2%§%e%§
brinding wheebs2Piént detfighmgbliedimgteriahe2®i st Ghelbadiund orusgsv ehgege

rear flange 10, 0n, Si.de; e nggt' kN : h i de,

t wo respecti%ﬁtgnﬁ%%%F.%ﬁaﬁ%ggééngﬁégsagemaﬁ%ﬂ%4égrgh o?g% |nQFh§£§%iggle
whi ch | ead tvesparwardlynd forward ports 26 and 28 for feeding hydraulic
oi | under pressure to the respective sides of the piston 14. Thus in use

t he grinding wheel 22 can_be noved from.a rearward position, as ,shown . at
the top of. t RBef PHERE, SYBELACE RhrRe JodiR i 16h SSHiGHTSaf FHR BBEPSMH SFLPfLRI
Ligure. Towpeevept byeravhgh grlinbeali.ng al ong the surface 12 under the

iston, the piston is simlarly provided with a sealing ring 30. A

jocation device 32 is nmounted on each side of the piston for engaging with
@ correspondithg bdsabnonddesriwze hrmounitd thet earedlahigend® kih anlde one

ount | A Vel o . . . '
Docurare ax Si8gnasPaary Moty 35 BoPa Bt Simd BU4E, SBb Pe¥ective
fransm tti ngabordae cbamhergri ndi ng wheel 22. The location devices are in

the formof inter-engaging teeth. In order to prevent rotation occurring

as the piston 14 noves fromone side to the other, a pin and correspondi ng
;ole (not Passageways 24 are formed in the spindle which lead tc rearward

] and forward ports 25 and 28 for feeding hydraulic oil under
_ pressure to the respective sides of the piston 14. Thus in use
} the grinding wheel 22 can be moved from a rearward position,

as shown at the top of the figure, to a forward position shown

v

at the bottom of the figure.

s e

To prevent hydraulic oil leaking along the surface 12 under the
piston, the piston is similarly provided with a sealing ring
30.

A location device 32 is mounted on each side of the piston for
: engaging with a corresponding location device 34 mounted on the
rear flange 10 and mounting ring 6 respectively. The location
devices provide not only accurate axial and radial location,
but also provide a reliable method of transmitting torque to
the grinding wheel 22. The location devices are in the form

of inter-engaging teeth.

In order to prevent rotation occurring as the piston 14 moves
from one side to the other, a pin and corresponding hole (not
shown) is provided between the piston and the respective rear
flange/mounting ring. 2 sufficient clearance is provided about
the pin to ensure that the location devices 32, 34 also provide
a radial location in addition to the axial location of the
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f}shown) I's provided between the piston and the respective rear

f | ange/ mounty,Hgekhfd. A sufficient clearance is provided ab L} to
ensure that tﬁe/?gggtion devi ces 32, 34 also provide a radi§#5V%g§¥lgn in

fﬁddi_tion to the axial location of the 6 WD 99/ 02306
PCT/ GB98/ 01836 6 piston. I n sone

|appl i cati onpisymreumati ¢ operation may be preferred in place of the
iydraulics descri bed above. Al t hough not shown, suitable scrapers may be
rovided on the outwardly facing side of the rear flange 10 and of the,
ount i ng ri nt GOMG 3RR IS tRPRES 2 1BPARRES ORRAF &bty }}}\ee‘PéﬁtreFﬁéd in
ingress of dbrdcdrof luhdl hyf@GBulGHd ide@chlived) abeliech coul d damage the -
sealing rings 20. Suitable fixing neans are provided to enable the

grinding wheels 8 and 22 to be repl aced. To ensure that the correct
dvance and xkthaoih amofshdven pisiicrediss sompard, may ppexprotvyded postheon
sensor (not §g§¥g1) i .RLef er A e g%:ﬁg h al.pe.
'Since the | oca |oﬁiﬁgégﬁégkgg}8§4$§H%Q%ﬁ§ﬁ e§E§Pp%igbt e %ﬁﬁkg% @ﬁgﬁggha
spi ndl e, theyizgedabte on bee kbptbpeld eand y1&| eafihe STRAPGFENAFAYeDAi Ehe is
mount ed i n & 4 A& IT bRAING-TBCHI BeLES %@%n é@tfiﬂ%r%l%tidﬂh%ﬁiéweﬂo@ﬂg of
t he spindle 1s"shown generally at 38. posite the unit { a wor kpi ece 40,

such as a wel@dhage sehe jseqlongd FBINESmgint ed on a work spindle 42. Thus the
wor kpi ece can be engaged successively by the rough grinding wheel 22 and

then by the g\ﬁi{]acglneg \%'fil:e{gth rge%rnsfla%ghpgglvg Iegg'to enable the grinding

wheels 8 and 22 to be replaced.

i To ensure that the correct advance and retraction of the piston
has occurred, a proximity or position sensor (not shown) is
mounted preferably in the wheelguard of the machine.

Since the location devices 32, 34 are mounted within the hub
of the spindle, they are able to be kept perfectly clean.

The grinding unit 1 is mounted in a face grinding machine as
! shown in Figure 2. The driven end of the spindle is shown
generally at 38.

Opposite the unit 1 a workpiece 40, such as a wafer disc, is
rotatably mounted on a work spindle 42. Thus the workpiece can

be engaged successively by the rough grinding wheel 22 and then
by the grinding wheel 8 for finish grinding.

It will be apparent that the single spindle grinding machine
described is able to exert a sufficiently high force against
a workpiece, allowing high torgue transmission and precision
location. Since there is only a single spindle, the grinding
machine is of compact design, and less costly than a twin
spindle machine.
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ft wi || be apparent that the single spindle grinding machine described is

&bl e to exeryyodspstebi ciently high force against a workpiece, pRi@ydsngsgi gh
orque transm ssion and precision |ocation, Since there is only a single

§p|ndle t he grinding machine is of conpac? design, and |ess than a
p_wi n spi ndl e nmachi ne. Cl ai s 1. Am m mg

single rotatable spindle on which is nounted a fir% ‘Wﬁ «at a

i1 xed positighatekative to the spindle and a secon cutti hg t ool adj acent
the first tool, and slide neans for slidably noving the second tool

felative to the first tool to either retract the second tool or to extend
it into an operadi opahipestepbnhasipd sl FdRghBar3tebapl e sPAYRGHRE aPUYRICH

menmber and agki ¥RLhRGATRARL k@ JTRH iR tﬂlfb@W'@rfI@é@e}BogﬁtEM@@nréPéM@{ré
and retracted p03|t|ons wherein the annul ar i,s ip the formo

ﬁnnular pi st 5R, HB& s %ﬂ?%ﬁlﬂmé?HP9ddFP§Eﬁ§6 ﬁﬁP%ﬂQQﬁﬂﬂﬂPﬁﬁl %brﬁFth
first cyli ﬁdb[L(;a|arQth gnaurfnmSoffcbhe sanulad»u,g el rpi sHke s‘aa:rdnmgtam

nnul ar chambe t_ea de i,st.on. A nac t ool 8850 g
?o claim1 i A® éﬁﬁ%&ﬁe %8 ?":hlgsrf%' edgo&hcf"f o%’f%hea]f er%t'rrabose}%ts% %9%F
{he spindle, otheosbxdendeaDSLHUalag bheratdondlt pobithoa. dlrectlon axi al of
ﬁhe rotational axis of the spindle, so that the tools successively engage
axially with a wor kpi ece. 3. A machine tool according to claim2, in
Whi ch the se@endAtBathise ntemt careauing yto@lstide & ie Whish thel firsy apd

rechi ne t ool ;@eeaRdt 881 E50aAEYd PHEe PEECEE I di Wi B '&h‘é’ﬂ!sﬁli!namé ftnétsgﬂde
second tools are first, and second ‘4nd|n9 mheels artlcular % shqged
;rlndlng wheBgans moving the seco too dlre tion axmal

) rotational axis of the spindle, so that the tools successively

? engage axially with a workpiece.

| 3. A machine tool according to claim 2, in which the second
/ tool is mounted radially outside the first tool.

4. A machine tool according to any one preceding claim in
_ which the first and second tools are first and second grinding
3 wheels, in particular cup~-shaped grinding wheels.

5. A machine tool according to claim 4 in which the second
grinding wheel is the coarse wheel for rough grinding, while
the first wheel is the finishing wheel.

s,

6. A machine tool to any one preceding claim in which the
slide means comprises an annular member and activating means
i for moving the annular member between forward and retracted

positions.

—

7. A machine tool according to claim 6 in which the annular
member is radially inwardly directed for slidably engaging with
a first cylindrical outer surface of the spindle.

8. A machine tool according to claim 7 in which the annular

TR
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E A machi ne tool accﬂlﬁ"ﬂ@mﬂ”ﬂ‘ml”w i n which the second grindi ng wheel
S the coar fo i while the first whe |

i ni shing V\h%g%}%.}&%%. A nfacHi né tdol* according to any one S‘%%‘lc’gﬁwn‘gs%ﬁ aim
n which the activating neans conprises mdans for feeding fluid under
pressure to either one side or the other side of the .

annul ar pietiet  is7.aycarastd nent sdl abeworndiodg an ehauies ipistorh the
luid is hydgl;ﬁfﬁafe Sdrif@nfish HAARL aP' SR&MEEr MK Rudis 06k UY eughppassages
n the spindl®e to ports extending respectively into the two annul ar
“hanbers. 8. A machine tool according to any one preceding claimin which

he annul ar @j sthoRacREaEPEsE] b REdld e ELAIMOS {eSitiantidhe detevgabhe
surface of the

material, which is seaILneg engagapl e ?itg.the %irs% out.er

spindle.  JeRTRERMRELTES "RE0T df Ny 68 Sonkt PHRcHERE FEFTFIIE whch
he annul ar @isten ése geithr ald yhe shdyeed sildes edt itdwy anmerlarbeilsgoan out er
annul ar |inb on each side of the piston, the linb which is adjacent the
irst tool carrying the second tool. 10. A nachine tool according to
slaim 9 i n wh@ ch & madhiimss tobldaptgrdhgdgee haim 9 eopattiicte theeddndd is
Cyl i ndrical r e f .t he { J3d| H%EK"' t hNg
to claim 10 ?ﬁﬁvﬁ}éﬁet fﬁgqsZ?:Igna&gut“g{raélgugfgggé}es@m ar | 32 i%r%g?g?gh
seal i ng rid@%ss%ﬁe$e%$lF%ﬁt$®i%%#%rﬁﬁbp%rﬁﬁtBFFQPdﬁBgs§§FPﬁ§F9V§g§a@Btﬂﬁth
he respectige | twdsamiuide dHasddtrs. 12. A machine tool according to any
one preceding claimin

11. A machine tool according to any one of claims 8 to 10 in
which the annular piston incorporates a sealing ring of

resiliently deformable material, which is sealingly engagable

with the first outer surface of the spindle.

12. A machine tool according to any one of claims 8 to 11 in
which the annular piston is generally T-shaped in sectiocn,

= i o g s

there being an outer annular limb on each side of the piston,

the limb which is adjacent the first tool carrving the second
tool.

13. A machine tool according to claim 12 in which the limbs
slidably engage with respective second cylindrical outer
surfaces of the spindle.

14. A machine tool according to claim 13 in which the second
outer surfaces similarly incorporate sealing rings of
resiliently deformable material to sealingly engage with the
respective limbs of the piston.

15. A machine tool according to any one of claims 8 to 14 in
which the piston carries a location device at each side for
engaging with respective location devices in the spindle, so

that the piston is prevented from rotating relative to the
spindle at each extremity of its sliding movement.

This Sheet Has Been Replaced
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ﬁhich the piston carrie | | ce at each side for engaging with
bespect I ve I%’k@ﬂjédevﬂﬂ E‘ﬂjm%m ﬂ!&il e, so that the pistor#§asaygnt ed
§r0n1rotating relative el each extremty of its sliding
%gvenent. 13. A machine tool according t8 claim12 in which the |ocation
feans takes the formof inter-engaging teeth L ch, provi t di al_, -
&xial | ocati é6- A machine tool a é%ré%ng to cYQim 1§)¥ﬁnﬁg§c Oﬁgﬁggﬁkﬁglgggl
accordi ng t o pRhORaKRECERE Mgt bd Inturtbagaghngrtsd iy witiiate preansid doth

prevent rotation of the pi.ston relative to the spindle during sliding
ﬁgvenent. E&d%éxﬁﬁﬁfﬁ&lﬁgoﬁ°§§8398rng to claim 14 in which the guide
means conprises a-pin forned on the spindle or on the piston and which is

gngagabl e with a cor pespepdi 88000l b di p&été?ﬁ%%népb%d'c%ari%?e@t'k:&e'l)é-
46. A nmethod of” nachinrng a worKkpi ece using a single spindl e machine_tool,
gonpri si ng ndunthey acenpsisingt GuddeoorednsedPy RIFHHE eRatariansphdree
and nounti ng e iddhe 2osekendpidighienguiraaly k94 dangahovkhdnig
povenent reldtive to the first tool, "and further "conprising the steps of
gxtending the second tool into its operating position, rough machining the
or kpi ece wi tifB t hen seeichd ool retcaedimg tdecsetmnily t Dol whaed thei ghide
frachi ni ng the workpiece with the figs o) 7o t hod_ac di

gFai m 16 i n WAT (SRR dhd¥ec on%m%ago(%% %I?ée‘ Sc%lp‘e%%pgg %’?i ﬁg%nb’%t%
wheel s, the secbmbiwihedls begagabhe vbthyha grornksnpwiiow hole in the piston
or spindle respectively.

19. A method of machining a workpiece using a single spindle
machine tool, comprising mounting a first cutting tool fixedly
to the end of a spindle and mounting on the spindle a second
cutting tool for axial sliding movement relative to the first
tool, and further comprising the steps of extending the second
tool into its operating position, rough machining the workpiece
with the second tool, retracting the second tool, and finish
machining the workpiece with the first tool.

oA a1 AT £ R~y

20. A method according to claim 19 in which the first and
second tools are cup-shaped grinding wheels, the second wheel
being the rough grinding wheel.

21. A machine tocl substantially as herein described with

§ reference to, and as shown in, the accompanying drawings.

22. A method of machining a workpiece substantially as herein
described with reference to, and as shown in, the accompanying

drawings.
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