1 DESCRI PTI ON

Machi ne Tool TECHNI CAL FIELD 5 The present invention relates to a
machi ne t ool . BACKGROUND ART In a conventional mnachine too
with a vertical spindle, the spindle is supported by a colum in such a
way that the 10 spindle is novable along its axial direction or the

Z- axi s, anvas@4a83l uim is either directly or indirectly seQEumwezssson a
base. In an exenplary arrangenent shown gn Figure 21(a), an X-axis table
72 being novable in the X-axis direction is nmount éd on a base 71, and a

colum 73 serving as a Y-axis 15 table being novable in the Y-axis
direction is nounted on the X- axPESERRFEION S A spindle head 74 is
supported by the colum 73 anaqu Jégu} th Z-axis, and a work bed 75
I's connected to Y
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. TECHNICAL FIELD
5 The present invention relates to a machine tool.

BACKGROUND ART
In a conventional machine tool with a vertical spindle,

the spindle is supported by a column in such a way that the

10 spindle is movable along its axial direction or the Z-axis,
and the column is either directly or indirectly supported on a
base. 1In an exemplary arrangement shéwn in Figure 21(a), an
X-axis table 72 being movable in the X-axis direction is
mounted on a base 71, and a column 73 serving as a Y-axis

15 table being movable in the Y-axis direction is mounted on the
X-axis table 72. A spindle head 74 is supported by the column -
73 movably along the Zjaxis, and a work bed 75 is connected to
the base 71. 1In another arrangement shown in Figure 21(b), an
X-axis table 76 serving as a work bed and the column 73

20 serving as a Y-axis table for movement in the Y-axis direction
are mounted on the base 71. The spindle head 74 is supported
by the column 73 movably along the Z-axis direction. In yet
another arrangement'shbwn in Figure 21(c), an X-axis table 78
serving as a work bed being movable in the X-axis direction is

25 mounted on a Y-axis table 77 for movement in the Y-axis

direction, which is disposed on the base 71. A column 79 of

T'his Sheet Has Been Re ,i

MDA



the base 71. In another arrangenent shown in Figure 21(b), an X-axi s
table 76 serving as a work bed and the colum 73 20 serving as a Y-axis

table for novenent in the Y-axis direction are nounted on the base 71.
The spindle head 74 is supported by the colum 73 novably al ong the
Z-axis direction. U. S. Patent No. 5,439,431 typically discloses such type
of machi nwd e3miassi n whi ch a spindle driven to nove in Z-wp4for63398s
direction is nounted on a conpound slidg (corresponding to the colum 73
in Fig.21(b)) which is noved in X- and/0r Y-axis direction

I n yet another arrangenent shown in Figure 21(c), an X-axis table 78
servi ng asam imorektieeld Lbshage nby ald et dica lfllyemount ed ati $hai basei @h, i andrount ed
on a Y-axis table 77 for novenent in the Y-axis direction, which is

di sposed on sHiadigsdead 8A hasing|amniig-ah mechanism for movement in

the Z-axis direction is mounted to the distal end of the
column 79. 1In a still further example shown in Figure 21(d),

5 the Y-axis table 77 is mounted on the base 71 for movement in
the Y-axis direction, and the X-axis table 78 serving as a
work bed is mounted on the Y-axis table 78 for movement in the
X-axis direction. A column 81 is vertically mounted on the
base 71, and the spindle head 74 is supported by the column 81

10 movably along the Z-axzis.

Other types of machine tools such as the one employing a
gate-like column (not shown) or the one having its spindle
arranged horizontally have substantially the same
configuration as described above.

15 The spindle head is generally cantilevered by the column
in any of the prior arrangements described above. In order to
variably determine the positional relationship between the
spindle head and the workpiece, the mechanisms that link the
spindle head and the work piece are constructed to detour the

20 space therebetween. To accomplish high-speed and highly
precise machining, the machine tool must meet two
requirements. Firstly, the materials constituting the base,
table, column, and other members should be given high

rigidity. Secondly, the play between moving parts of each

[
Lh

member should be minimized. To meet these reguirements,

relatively larger members precisely constructed are necessary,
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causing the entire machine to be larger, heavier, more
expensive, and to occupy a larger space in a factory line for
installation.
- Another problem is attributable to the detoured structure
5 and the large scale of the entire machine. Thermal deflection
caused by changes in temperature has greater influence on the
mechanisms, adversely affecting the precision of machining.
In view of the foregoing, it is an object of the present
invention to provide a machine tool which accomplishes a high
10 degree of precision in machining with minimized size, weight,

and cost.

Disclosure of Invention
In order to accomplish the above-said object, a machine
15 tool according to the present invention comprises at least one
spindle disposed in a body frame and a table equipped with at
least one chuck means and being movable in at least one of
X-axis and Y-axis directions on a top face or one of four
sides of the body frame vertical to the axial center of the
20 spindle. Relative positions between the chuck means and the
spindle is variably determined by moving the table disposed on
one side of the body frame with respect to the axial center of
the spindle disposed within the body frame.
The mechanism for variably determining the positional
25 relationship between the spindle and a workpiece held by the
chuck means is comprised of the body frame and the table on
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an inverted L shape is vertical
head 80 having a built-in mechg
is mounted to the distal end o In a still further
exanpl e shown in Figure 21(d), EPNAGED s tajle 77 is nounted on the
base 71 for novenent in the Y-axis ' and the X-axis table 78
serving as awgpogifaigs bed i s nounted on the Y-axis table 78 § ”FQHME&? in
t he X-axis direction. A colum 81 is vertically nounted on base
71, and the spindle head 74 is supported by the colum 81 10 novably al ong
t he Z-axis. O her types of machine tools such as the one enpl oyi ng
a gat e- bh&esfdd Whereddt i fhapiiment Wit hoB@chayimér, thdSAankdb8es ndrranged
hori zontal |y have substantially the sane configuration as descri bed
above. 15rounddimaitspiemibeesheadhiss germanzlilgveaed i ¢ewerrsd prpviHéng aheinm

in any of the prior arrangenents described above. In order to vari ably
det er mi ne shecpddigtiwaeal eachanempehi p Thet wobhre designsifndhe haabliagd t he
wor kpi ece, the nechanisns that |ink the spi ndl e head and the work piece

are const r EePEdEam Recitbie Fﬁ@Pa?ﬁlﬁémttrﬁéFéﬁe‘t’%\k‘érﬁmaﬁé a0CorpBNEh
N 5Peg0, 2K NG s G5O BRI "0y bRELIBELT S L0k, Ut et tuo

accurate machining is thereby accomplished while minimizing

nount ed on the base 71, and a spindle
I n the Z-axis direction
UA&rBEEﬁ :

the structure in size, weight, and_cost. Further, the entire
structure of the machine tool can be made approximately
symmetrical around the spindle as the axis of symmetry, which

10 restrains adverse effects of thermal deflection caused by
changes in temperature which leads to errors in machining. It
is to be understood that the axial center of the spindle may
be arranged parallel as well as vertical to a horizontal
plane.

15 The machine tool of the present invention may have a
7-axis moving means disposed in the body frame for moving the
spindle along the axial center thereof in the Z-axis
direction, and a Y-axis table and an X-axis table, one laid on
the other, being respectively movable in the Y-axis and X-axis

20 directions on the top surface or one of four sides of the body
frame. Since the spindle is movable in only one axial
direction, the structure is simplified yet constructed with
high rigidity and precision. The workpiece can also be
accurately positioned by controlling each table.

25 The machine tool according to the present invention may

further comprise a base plate provided on the top surface or
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requirenents. Firstly, the materials constituting the base, tabl e,
col umm, and ot her nenbers should be given high rigidity. Secondly, the
pl ay between noving parts of each 25 nenber should be mnimzed. To neet
t hese requirenents, relatively |arger nenbers precisely constructed are
necessary, 3 causi ng the
entire machi nWO980#83 | ar ger, heavier, nore expensi ve, arRCTIPIT2SASpPY a
| arger space in a factory line for ginstallation. Anot her
problemis attributable to the detoured structure 5 and the | arge scal e
of the entire machine. _Thermal deflection caused by changes in.
t enper at ur ©M§a8fgferf 7194 |1Qfeitd® BRAYhErame, RAVARA| SRAsOPERANG ddieFein
affecting the precigsion of machining. . In view of the foreqgoing, it
L o ob e CPEEPIERGED  Had ST el FORRPER 4N, PR AL SHR T b obh ¢
acconpl | Shega Bk ghind Gl WP fiotle RLEELS! Ok AdbnTCRAD! BELYE 4{bd"F Theed
si ze, wei ght, a ost.

- base plate further strengthens rigidity of the body frame and

wn

precision in positioning the tables.

The machine tool according to the present invention may
be so constructed that Y-axis table, on which the X-axis table
with at least one chuck means is carried, is movable between a
position just above the opening in the base plate and a
10 position laterally away therefrom where another opening is

provided in the base plate through which a workpiece is
removed from and fed to the chuck means of the Y-axis table.
The workpiece can be thereby easily fed to and received from
the chuck means through the base plate.

15 The Y-axis table may be so constructed that it is
retreated to a farthest end of the base plate laterally
extending from one side of the body frame as far as to provide
a clear space above the opening provided in the base plate for
operation. A cutting tool mounted to the tip of the spindle

20 can be thereby readily exchanged through the opening in the
base plate.

The base plate may be extended toward at least one of two
sides of the body frame, where the opening is formed for
feeding a workpiece to the chuck means of the Y-axis table and

25 removing the same therefrom. Other devices such as a

relocating means and transfer means can be thus disposed under



Di scl osure of Invention I'n order to acconplish the above-said
object, a machine 15 tool according to the present inventionis
characterized in that the spindle is supported at both sides within a
stationary box-1like body frame which constitutes a main frane of the
machi ne body and | ocated approximately at the center of  the nachine
body, and thawoasnssgsaxi s table and a Y-axis table 20 being res %ctlvely
novabl e al ong X-axis and Y-axis directions ~are provided & Qﬁ?faoe_or
one of four sides of the body frame afd therewith in a plane, which lies
ort hogonal to the axis of the spindle in such a manner as to be

cunul ated oth@nroject8dl pefe dNaHwalkeTBRREe oA Nhd U HLdrORRE NG pPEr One
of the 25 X-axis table and Y-axis table.

3/1 axi frafe,t kenspihdt End e UC RompaREN&E r &Sgdnerite oFURHLak86h P ONE
anot her, the chuck neans being nounted on the upper one of the

The machine tool according to the present invention may
further comprise one or more tables disposed above the body

5 frame, wherein the spindle is arranged to have the axial
center thereof along a vertical direction and mounted with a
cutting tool, and the chuck means is designed to hold the
workpiece upside down. As the workpiece is held downward,
chips created while machining flow down into an enclosed space

10 in the body frame by gravity and effectively collected.

The spindle may be built in a high-speed motor as a
rotary driver thereof and rotatably supported by non-contact
type bearings. The machining force can be reduced by the high
speed operation of about 40,000 rpm, and each member

15 constituting the machine is required to have less rigidity yet
assuring precise machining. The entire structure of the -
machine can be thereby minimized in size, weight, and cost.

The non-contact type bearings may be magnetic radial
bearings. The spindle can be thereby readily and accurately

20 supported by the control of electromagnet.

The machine tool may further comprise a means of
correcting any errors in machining the workpiece by adjusting
supporting position of the spindle by the non-contact type
bearings. Errors created by inertial force when the X-axis or

25 Y-axis table changes its directions or caused by backlash are

preliminarily measured, so that the correction is made by the



X-axis table and Y-axis table. Rel ative positions between the
chuck neans and the 5 spindle is variably determ ned by noving the
t abl e di sposed on one side of the body frame with respect to the axi al
center of the spindle disposed within the body frame. The mechani smfor
vari ably determ ning the positional relationship between the spi ndl e and
a wor kpi ece W0Da88438% he chuck neans is conprised 10 of thePooip97ioessse and
the table on 15 20 7
non-contact type bearings and it is unnecessary to correct
numerical control data for machining.
A chuck rotating means may be provided to cause the chuck
means to rotate around the axial center thereof. Circular
5 parts of the workpiece can be pfecisely machined by rotating
the workpiece instead of controlling the movement of the
X-axis or Y-axis table.
The body frame may be constructed to have a U~shaped
cross-section. The spindle or the rotary driver can be easily
10 accessed from an opened side of the body frame for assembly or
maintenance.
The machine tool may be provided with a position sensor
for detecting positions of the workpiece held by the chuck
means. When the workpiece is machined by several different
15 machine tools in a plurality of machining processes, the
workpiece can be precisely held by detecting any errors of the
machine itself or errors in holding the workpiece by the
sensor.
The machine tool may further have a cutting oil applying
20 means for ejecting cutting o0il from a side of the opening
toward the workpiece being machined, and a collecting hopper
for gathering the cutting oil and chips flowing down thereto.
The cutting oil can be assuringly supplied to the workpiece

being machined, as well as the cutting oil and chips can be

25 effectively collected.



25 4 one side thereof in

abutment with each other, and includes no roundabout nenbers such as a
cantil evered columm, providing no spaces between each nenber. The
entire design of the machine tool can be thus conpactly constructed

with small and |ight 5 parts yet keeping high rigidity. High-speed and
hi ghl y accyygdgsmchi ning i s thereby acconplished while np@jsposiiags the
structure in size, weight, and cost. Fyrther, the entire structure of

t he machi ne tool can be made approxi mately symmet+ical around the spindle
as the axis of symretry, which 10 restrains adverse effects of thermal
defl ecti on causkedpdlysh ghandebood nmanper furtbewhprévidesiaroandr thes i n

machi ning. It is to be understood that the axial center of the spindle
may bechuglameamsp £zl Cansirg vikhe cutiagt pédl spbashing iaxound| the

workpiece being machined to flow down into the collecting
hopper. The cutting oil and chips can be thereby effectively

5 collected.

The machine tool according to another embodiment of the
present invention may have a sealing means to seal a gap
petween the splash guard hood and the collecting hopper while
allowing a respective movement with each other therebetween.

10 It is thus prevented that the cutting oil and chips splash
around through the gap between the splash guard hood and the
collecting hopper. When used in combination with a wvacuum
suction means, collecting capacity is further enhanced by the
vacuum pressure.

15 A collecting fluid applying means may be further provided
for ejecting a collecting fluid toward into the collecting
hopper, which is connected to a collecting duct. The cutting
oil and chips can be smoothly collected by the fluent
collecting fluid.

20 The collecting hopper may be arranged eccentrical with
respect to the opening, and the collecting fluid applying
means may be disposed in such é way that the collecting fluid
is blown from a side where a gap between the periphery of a
rotary driver for rotating the spindle and the collecting

25 hopper is narrow toward a widely-gapped side, where the



pl ane. 15 In the above structure, the spindle is fixed to a Z-axis

novi ng nmeans which is slidably supported on guide rails within t he body
frame for noving the spindle in Z-axis direction. Since the spindle is
novable in only one axial direction, the structure is sinplified yet
constructed with high rigidity and 20 precision. The workpiece can al so
be accur at el yWe8s438ned by control ling each table. PCT/IRdTR28%8.Chi ne
tool according to the present inventiongray further conprise a base

pl ate provided on the top surface or 25
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PCT/JP97/0§9é$eCting duct is connected to the collegting hopper, so as
to even more smoothly collecting the cutting oil and chips.

The collecting duct connected to the collecting hopper

- may be further connected to a vacuum suction means. The
5 cutting oil and chips can be assuringly collected without
leaving any residuals thereof.

The cutting oil applying means may comprise three or more
cutting 0il ejecting nozzles disposed to surround the
workpiece being machined. Cutting oil can be thereby supplied

10 to every part cf the workpiece.

An on-off controller may be further provided for
.controlling ejection of the cutting oil from each cutting oil
ejecting nozzle in accordance with the position of the
workpiece. As it is controlled to select proper nozzles to be

15 effective for blowing out the cutting oil, an oil pump of
small scale can supply a sufficient amount of the cutting oil.

In a machine tool according to the present invention, a
corner of a given radius is machined by numerical control
using a cutting tool designed to machine a corner of the

20 minimum radius. Every cornered part of the workpiecé haviﬁg
several different radii can be machined by a single cutting
tool, assuring preciseness in machining as it is not necessary
to change cutting tools.

According to another embodiment of the present invention,

25 a plurality of spindles may be arranged in the body frame, and

a plurality of chuck means may be disposed on the table(s).



one of four sides of the body frame, having an opening therein opposite
to the spindle through which operation is carried out and carryi ng one
or nore tabl es thereon. The provision of the base plate further
strengthens rigidity of the body frane and 5 precision in positioning the
t abl es. The machine tool according to the present invention may

be so constryeigsishat Y-axis table, on which the X-axis tgly@pereiist h at

| east one chuck nmeans is carried, is ngﬁgble bet ween a position just
above the opening in the base plate and™a 10 position laterally away

t her efrom where anot her opening is provided in the base plate through
whi ch a wirkpivetdvisy isrehenss)y finmreanddf s the tWorkplieck ammnse of the
Y-axi s table. The wor kpi ece can be thereby easily fed to and received
from t rdmiigekenuahy machingd tine pBasalptuie. 15 The Y-axis table

may be so constructed that it is retreated to a farthest end of the base
pl ate | ateral | P15 ekbendPiRAks MAYoRe BFEBELR tife th§dPORY afEame ¥y as to

ETTEENE ¥ RGN CT CRIREE G R T
thereby geadihy exghangfd AU NS SPERLLA Y TR workBRE8ed' & Se
fed to or received from the chuck means. Productivity is
thereby increased as the time for exchanging workpieces is
reduced.
Alternatively, a plurality of spindles may be arranged in
10 the body frame while the chuck means is disposed on the
table(s) in singularity. Several machining processes can be
carried out in a single machine tool, whereby productivity is
increased.
Further, a pair of chuck means may be disposed in the
15 X-axis table in parallel with each other along the Y-axis
diréction, and the Y-axis table may be arrahged to be movable
between farthest ends where one chuck means positions just
above the opening in the base plate, the base plate having a
pair of another openings through which a workpiece if removed
20 from and fed to the other chuck means when the Y-axis table is
located at a given farthest end. While a workpiece held by
one chuck means is being machined, another workpiece can be
removed from and fed to the othef chuck means, which reduces
the time for exchanging workpieces, thereby increasing

25 productivity.



The base plate may be extended toward at | east one of two sides of the

body franme, where the opening is formed for feeding a workpiece to the
chuck nmeans of the Y-axis table and 25 renoving the sanme therefrom O her
devi ces such as a rel ocati ng means and transfer neans can be thus

di sposed under WD 98/ 04383

PCT/ JP97/ 02580 98/04383 6 t he prajrrotedsspar t
of the base plate on one side of the body frame, contributing to a
conpact arrangement of the machine. The machi ne tool according to

the present _invention urther conprise one or nore tables di sposed

above the b%%§EF DQ§C?F§§éONmﬂ§rQ54W%Nﬁ§ spindle is arranged to have the
axi al center hereog E rtl%ﬁ;& glrectlo and _nount d Wltqgb
cutting tool, qﬁﬂ? ili 3 Rcien NBATPREHAYF (HEW Sh R
upsi de domn e d while
machi ni ng f ﬁ)\/\%nﬁ nggE@ﬁC oseggfglg\ggm@égl ct(ﬁml%g;dg: f?gﬁe by gravity
and effeCt'ﬂﬁ%ébﬂ%ﬂﬂn%ﬁhﬁgon, and Figure 1(b) is a control block diagram

5 thereof.

Figure 2 is an elevational vertical section view thereof.

Figure 3 is a vertical side elevation view thereof.
Figure 4 is a top plan view thereof.
10 Figure 5 is a plan view of a horizontal section of & body
frame in the embodiment.
Figure 6 is a vertical side elevation view showing a
modification of the embodiment.
Figure 7 is a vertical sectional view shéwing a workpiece
15 machining unit of the embodiment.
Figure 8 is a bottom view thereof.
Figure 9 is an explanatory view showing an arrangement of
a cutting oil supply control unit for supplying cutting oil to
nozzles in the embodiment.
20 Figure 10 is an explanatory view of a machining process
of a cornered part of a workpiece inm the embodiment.
Figure 11 is a vertical sectional view showing a spindle
and a rotary driver of the embodiment.
Figure 12 is an explanatory view showing an arrangement
25 of a magnetic radial bearing of a rotary driver and its

controller of the embodiment.



The spindle may be built in a high-speed notor as a rotary driver

t hereof and rotatably supported by non-contact type bearings. The
machi ni ng force can be reduced by the high speed operation of about
40,000 rpm and each nenber 15 constituting the machine is required to
have less rigidity yet assuring precise machining. The entire structure
of the Maewo 9sm4383N be thereby mnimzed in size, weight 1P(9ﬂ.ﬁ>9‘r‘16}§?]s '

The non-contact type bearings nay be na?getic radi al beari ngs. The
spindl e can be thereby readily and accurately 20 supported by the control
of el ectronmagnet. The machine tool may further conprise a neans of
correcting any Bigeres 13 inmahn explahdeorwrkigwvestobynadhertd rgpnadrastipporti ng
position of the spindle by the non-contact type bearings. Errors created
by inerti abrpieceiqmers tdreatedxdyrbng mEchingngs opabhbiemalmeshed t s
directions or caused by backl ash are prelimnarily neasured, so that the
correcti oneMBoREARNHY t he WO 96/ 04383

PCT/ JP97/ 02585 _. . , X
Figure 14 is a flow chart of controlling the radial

5 magnetic bearings to prevent the guadrant projection in the
embodiment.
Figure 15 is a front view showing a chuck rotating means
of a second embodiment of the present invehtion.
Figure 16 is a vertical sectional view showing a cutting
10 0il collecting unit of a third embodiment of the present
invention.
| Figure 17 is an explanatory view showing a machining
process of a fourth embodiment of the present invention.
Figure 18 is a vertical sectional view of a machine tool
15 according to a fifth embodiment of the present invention.”
Figure 19 is a vertical sectional view of a machine tool
according to a sixth embodiment of the present invention.
Figure 20 is a vertical sectional view of a machine tool
according to a seventh embodiment of the present invention.
20 Figure 21(a)-{d) are perspective views showing various

prior arrangements of a conventional machine tool.

BEST MODES FOR CARRYING OUT THE INVENTION
Preferred embodiments of the invention will be
25 hereinafter described with reference to the accompanying

drawings.



7 non-contact type bearings and it is unnecessary to correct

nuneri cal control data for nachining. A chuck rotating neans nay be
provi ded to cause the chuck neans to rotate around the axial center
thereof. G rcul ar 5 parts of the workpiece can be precisely machi ned by
rotating t he workpi ece instead of controlling the novenent of the

X-axis or Y- a¥Mo3(0438p c. The body frane nay be const rR€3VEg7/Q268Shave a
U shaped cross-section. The spindle opsthe rotary driver can be easily
10 accessed from an opened side of the body frame for assenbly or

mai nt enance. ) The machine tool may be provided with a position
sensor for defégtihiphds & BRISBECERES IBYQhivEAENh EF et 1 e Igh FBRWS
means. Wen the workpi ece_js machi ned by several different chi ne
tools in a ﬁ%&rSPFf§goﬁ°?ﬁﬁﬁﬂﬁ?Fﬁ§in CE§§eEfeﬁﬁﬂ§ 1“VﬁBFk%?éc§gbgﬁgbe
precisely hel d,by_detecti S,0fct . bpe, i rrors

i n hol di ng '([:i r{g)\ho?k%%}gc%%%?/ bt%h%& ?Egﬁén%o{)? %romﬂ\g%ﬁ%ppaac{]e?cﬁéegr}ggggla?my
further have.3a64bitPlbd lerRRlell B9spZRAI® NS thAli BhCGHE IghtC Wildnga0i | from

a side of the opening
5 Z-axis perpendicular to a horizontal direction, a rotary
driver 3 for driving the spindle 2, and a Z-axis moving means
4 for moving the spindle 2 and its rotary driver 3 along the
Z-axis direction. On the top surface of the body frame 1 is a
Y-axis table 5 being movable along the Y-axis, on which an
10 X-axis table 6 is mounted for movement along the X-axis. A
chuck means 7 for holding a workpiece is disposed on the
X-axis table 6. The Z-axis moving means 4, the Y-axis table
5, and the X-axis table 6 are operated through a numerical
control device 60 as shown in Figure 1(b).

15 Referring now to Fig. 2 to 6 showing more detailed
configurations of the first embodiment, the body frame 1
comprises a main frame 10 cubically constructed by plates and
placed on top of a bottom frame 9, which has adjustable
support legs 8 on the bottom at all four corners. A base

20 plate 11 is placed on top of the main frame 10. As shown in
Fig. 5, a horizontal sectional view of the main frame 10
appears approximately U-shaped. A high-speed motor as the
rotary driver 3 including the build-in spindle 2 therein is
approximately centered in the main frame 10 and fixed to the

Z2~axis moving means 4. Since the main frame 10 is constructed

I~
h

to have a U-shaped cross section, i.e., as one of the four



toward the workpi ece being machi ned, and a coll ecting hopper for
gathering the cutting oil and chips flow ng down thereto. The cutting
oil can be assuringly supplied to the workpi ece bei ng machi ned, as wel |l
as the cutting oil and chips can be 25 effectively coll ected.

WD 98/ 04383 PCT/ JP97/ 02585

8 A @0 sssidgpguard hood may be further provided arou%l?(ﬁgmmschuck
means for causing the cutting oil splashing around the wor Kpi ece bei ng

machined to fl ow down into the collectiﬁé hopper. The cutting oil and
chi ps can be thereby effectively 5 collected. The machi ne too
accordi ng tsadagobhethenhemie ot i6f opbged, tHeLIORbrkNYEveOB Ea have a

seal ing neans to seal a gap bet ween the spl ash guard hood and the
col | ecti ng Zheppermeving meanzl Hoaragreadikpextdessendniencassemdingach ot her
t herebetween. 10 It is thus prevented that the cutting oil and chips
spl ash operation or maintenance.
The Z-axis moving means 4 comprises a movable member 14

5 élidably supported via a slide block 13 by a guide rail 12
along the Z-axis direction. A screw feed shaft 15 is disposed
parallel to the guide rail 12 and rotatably supported by
bearings 16 at both ends thereof. A nut member 17 fixedly
coupled to the movable member 14 is mated with the screw feed

10 shaft 15, which is driven to rotate by a Z-axis drive motor
18. As the screw feed shaft 15 is rotated, the nut member 17

" is moved along the screw feed shaft 15, causing the rotary
driver 3 fixedly mounted oh the movable member 14 to slide
along the Z-axis.

15 The base plate 11 has an opening 19 opposed to the
spindle 2, through which the machining operation is carried
out. The base plate 11 is iaterally extended from the main
frame 10 toward one direction along the Y-axis by an
appropriate length, and the projected part has an opening 20

20 for passing through a workpiece 30. It will be further
advantageous if the base plate 11 is extended widely enough to
be able to hold the Y-axis table 5 thereon, in which case the
space above the opening 19 on the main frame 10 will be more

broadly opened, which will facilitate the exchanging operation

25 of a cutting tool 2a at the tip of the spindle 2.



around through the gap between the splash guard hood and the col | ecting

hopper. When used in conbination with a vacuum suction neans, collecting
capacity is further enhanced by the vacuum pressure. 15 A
collecting fluid applying nmeans nay be further provided for ejecting a
collecting fluid toward into the collecting hopper, which is connected
to a collecti W9%0€83 The cutting oil and chi ps can be srraavIRb02585
col |l ected by the fluent collecting flyyd. 20 The col | ecting hopper
may be arranged eccentrical with respect to the opening, and the
collecting fluid apglying means, na%,be di sposed in such a way that the
col l ecting flui dre YraxhpohdPte omis Sildeakh¥r surPdsbainednsSiHe®e peri phery

f t dr,i f tafi h ' d th |l ecti 25
o ner 1 AR AR SRR ATE T, WG SOukEE T 25

98/ 04383 directjon arran%ed on either side ?F tégjgééggéﬁggé8?l. A
9 coll ecting duct Is connected to thé collecting hopper, So as

screw feed shaft 23 is provided in parallel with the guide

5 rails 21 at one side of the base plate 11, and rotatably
supported by bearings 24. A nut member 25 fixed to the Y-axis
table 5 is mated with the screw feed shaft 23, which is driven
to rotate by a Y-axis drive motor 26 to cause the Y-axis table
5 to move along the Y-axis direction.

10 The X-axis table 6 is slidably supported via a slide
block 32 by a pair of guide rails 31 along the X-axis
direction arranged on fore and back ends of the Y-axis table
5. A screw feed shaft 33 is provided in parallel with the
guide rails 31 at the back end of the Y-axis table 5, and

15 rotatably supported by bearings 34. A nut member 35 fixed to
the X-axis table 6 is mated with the screw feed shaft 33,
which is driven to rotate by an X-axis drive motor 36 to cause
the X-axis table 6 to move along the X-axis direction.

The chuck means 7 is mounted approximately in the middle

20 of the X—axis.table 6 to pass therethrough to extend
downwardly, and comprised of a support cylinder 27 and a chuck
28 for holding the workpiece 30 coupled to the bottom thereof.
The support cylinder 27 extends through an opening 29 formed
in the Y-axis table 5 to be elongated in the X-axis direction

to position the bottom surface of the workpiece 30 held by the

(2]
W

chuck 28 just above the top surface of the base plate 11.



to even nore snoothly collecting the cutting oil and chips.
col l ecting duct connected to the collecting hopper may be further

connect ed

to a vacuum suction neans. The 5 cutting oil and chips

assuringly collected w thout | eavi ng any residuals thereof.
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The workpiece 30 in this embodiment is a scroll vane made
of aluminum alloy casting or cast iron for use in a rotary
compressor as can be seen from Figs. 7 and 8. The cutting
tool 2a is an end mill for machining the vane. The workpiece
30 is held upside down by the chuck 28 and is machined by the
end mill 2a from below.

Three of more cutting oil nozzles 37 (four nozzles 37a,
37b, 37c, 37d in this embodiment) are disposed at an
approximately equal distance in the vicinity of the opening 19
in the base plate 11 as shown in Figs. 7 and 8, to eject
cutting 0oil to the workpiece 30 being machined by the cutting
tool 2a at the tip of the spindle 2. Fig. 2 shows only one of
the nozzles in order to simplify the illustration. By
providing at least more than three cutting oil nozzles 37
around the workpiece 30, it becomes possible to apply the oil
to every part of the workpiece 30.

Each of the four cutting oil nozzles (37a to 37d) is
connected to an oil pump 45 through four control valves
44a-44d, respectively. The control valves 44a-44d are
controlled by the numerical control device 60 to open and

close for supplying o0il to the desired one of the cutting oil



to change cutting tools. Accordi ng to anot her enbodi nent of the
present invention, 25 a plurality of spindles may be arranged in the body

frame, and a plurality of chuck neans nay be di sposed on the table(s).
WD 98/ 04383 PCT/ JP97/ 02585

10 Productivity is thereby increased as the workpi ece can be

si mul t aneous| YO8843Bhed in plurality. Al so, the spi RGTEPIFAPS8Se

provided in the body frame in singulgpity while a plurality of the chuck
nmeans are di sposed 5 on the table(s). This allows a plurality of

morkpleces to be to or received fromthe chuck ne roductivit
PR N IEC (R ROV R AL AR U L e S Y

g0ued, gorpined AT, R BLANE 4L 8 s3REReh et o1 anaed 1
effective nozzles properly selected, the oil pump 45 of small
size can supply a sufficient amount of cutting oil.

5 Referring again to Fig. 2, a splash guard hood 38 is
provided to a skirt of the support cylinder 27 to hang above
the top surface of the base plate 11. Extending downwardly
from the opening 19 is an upper cylinder 39 of a collecting
hopper 40, which is disposed to surround the rotary driver 3.

10 The collecting hopper 40 is either coupled to or connected by

a bellow to the upper cylinder 39 to be movable with respect

to each other, and connected to a collecting duct 41 extending

to the outside from a lower part of the body frame 1. The
collecting duct 41 is further connected to a vacuum suction
means, by which cutting oil and chips are discharged. The
upper cylinder 39 and the collecting hopper 40 may be"
uniformly constructed, surrounding and allowing the rotary
driver 3 to vertically move therein.

The collecting hopper 40 and its upper cylinder 39 are

20 arranged eccentrically with respect to the rotary driver 3.

An air blow means 42 for blowing a mixture of cutting oil and
chips gathered in the collecting hopper 40 toward the
collecting duct 41 is disposed at a side where a gap made
between the periphefy of the rotary driver 3 and the

25 surrounding collecting hopper 40 is narrower, from where the

air is ejected toward the other side where the gap is wider,



table(s) in singularity. Several machining processes can be carried out
in a single machi ne tool, whereby productivity is I ncr eased.

Further, a pair of chuck nmeans nay be disposed in the 15 X-axis table in
parallel with each other along the Y-axis direction, and the Y-axis
tabl e may be arranged to be novabl e bet ween farthest ends where one
chuck neans wssiosssas | ust above the opening in the basep@lalofgstdre base
pl ate having a pai r of another openings through which a workpiece if
renoved 20 fromand fed to the other &Huck means when the Y-axis table is
| ocated at a given farthest end. Wile a workpiece held by one chuck
nmeans i s b= ag bacef fieckiwrigf el leotkphécdi schiadge ther eavwving foidmamad f ed
to the other chuck neans, which reduces the tinme for exchanging

wor kpi eced-het BBABBY i ncreasing 25 productivity. WD 98/ 04383

PCT/ JP97/ 02585 ) ) 11
Cutting oil may also be blown out in the above-described

way instead of the air. The air may be blown into the
5 collecting hopper 40 in a tangential direction to create a
whirl therein to gather the mixture of cutting oil and chips.
In order to prevent the cutting oil from splashing out through
a gap at the bottom of the splash guard hood 38, a weir 43 is
provided on the base plate 11, which is formed to be a large
10 rectangle so as to avoid interference with the splash guard
hood 38 when the Y-axis table 5 is moved toward the projected
part of the base plate 11.
As shown in Fig. 10(a), the corner radius of the cutting
tool 2a is made equal to a radius Rl of the minimum radius
15 corner 30a of the workpiece 30, in order to machine all parts
of the workpiece 30 indluding the corners with different
radius values with the single cutting tool 2a. When machining
a corner 30b with a larger radius R2, the Z-axis drive motor
18 and the Y-axis drive motor 26 or the X-axis drive motor 36
20 are controlled by the NC device 60 to cause the cutting tool
2a along the radius R2 of the corner 30b as shown in Fig.
10 (b) .
The rotary driver 3 comprises a'high—speed motor with the

spindle 2 as its axis of rotation as shown in Fig. 11. A tool

(3% ]
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holder 51 supporting the cutting tool 2a is fixedly mounted at

the top of the spindle 2. The upper and lower ends of the



BRI EF DESCRI PTI ON OF DRAW NGS Figure 1(a) is a schemati cal

perspective view show ng the entire configuration of a machi ne t ool
according to the present invention, and Figure 1(b) is a control bl ock
di agram 5 thereof. Figure 2 is an elevational vertical section
vi ew t her eof. Figure 3 is a vertical side elevation view

t her eof . wo9s/oRs3ure 4 is a top plan view thereof. 10 PCT/WFITY2585 5 i S
a plan view of a horizontal section of g@gbody frame in the enbodi nent.
Figure 6 is a verti cal side el evation view show ng a modi fication of the
enbodi nent . gure 7 is a vertical sectional view show n% a

wor kpi ece SPEDAREH? rﬁ#ﬁg HRPCLE P B BAARAhIfefpdial bearings, nk 384 834

bottom vi ey t her ure 9 is vi ew.show ng an

ar rangenen uB‘Frafs 2 t1hg28i ngﬁb?)lf/erbsd)rﬁsr %QUES{?E’(F) hs’lﬂa Rfng cutting
oL o MEBRLERSLhd e BIROOEN: o0 oo, SELBULE,I0YS A0 eloaat 1
embodi ment 5 comprised of a rotor 55 fixed to the middle part of the
5 spindle and a stator 56. A magnetic thrust bearing 57 is
mounted below the upper magnetic radial bearing 52, and
protective bearings 58a and 58b are further provided for
supporting the spindle 2 when the spindle is at a halt or
during its low-speed rotation. Numeral 59 denotes an encoder
10 disposed at the lower end of the spindle 2.
The magnetic radial bearings 52, 53 are constructed with
‘magnetic rings to have magnetic attraction evenly thereon, sd
as to support the spindle 2 floated in the middle thereof as
shown by a solid line in Fig. 12(b). When the spindle 2 is
15 decentered as shown by a phantom line, the amount of
displacement from the axial center of the bearings is detected
by the sensors 52a, 53a, which is converted into signals
corresponding to reference signals through a first signal
processing means 61. Control signals, given by subtracting
20 the converted signals from the reference signals, are then
inputted to a second signal processing means 62, which
converts the inputted control signals into magnetic attraction
control signals. The magnetic attraction of the magnetic
radial bearings 52, 53 are controlled by the magnetic

attraction control signals through amplifiers 63a, 63b, to

[
W

relocate the spindle 2 in the center of the bearings. As can



Figure 11 is a vertical sectional view showi ng a spindle and a rotary

driver of the enbodi nent. Figure 12 is an explanatory view show ng
an arrangenent 25 of a magnetic radial bearing of a rotary driver and its
controll er of the enbodi nent. WD 98/ 04383

PCT/ JP97/ 02585 12 Figure 13 is an
expl anat ory woswess®w ng how a quadr ant ‘projection is crgipéydsgsi N
machi ni ng operation in the enbodinegé. Figure 14 is a flow chart
of controlling the radial 5 magnetic arings to prevent the quadrant
projection in the enbodi nent . Figure 15 is a front view show ng

a chuck rbtaséen fanghe agikangswenndesrthddiederbové, tite i edent i nventi on.

Figure 16 is a vertical sectional view showing a cutting 10 oil collecting
unit of aPPRFielerbdafditions thRespiedkat2 at any given eccentrical

location by varying the reference signals.
Since this embodiment employs the X-axis table 6 and the

5 Y-axis table 5 movable along the X- and Y-axes controlled by
the numerical control device 60 to determine the positions of
the workpiece 30 whi;h is machined by the cutting tool 2a
positioned along the Z-axis direction, an inertial force or
adverse effects of a backlash when the X- or Y-axis 5, 6

10 changes the direction sometimes causes an error in machining,
creating projections at both ends of the workpiece 30 along
.the ¥X- and Y-axes as shown in Fig. 13. This error is called a
"quadrant projection” 50, as the projections are usually
created at the boundaries of adjacent quadrants in an X-Y

15 coordinate.

To prevent such a quadrant projection 50, the machining
operation according to this embodiment is carried out in a
manner hereinafter described referring to Fig. 14. Firstly, a
master work is prepared in advance at step #1, and the surface

20 contour of the master work is measured at step 2. The amount
of each quadrant projection 50 is sampled at step 3, from
which the amount of correction necessary for positioning the
X-axis table 6 and the Y-axis table 5 for machining is
calculated at step 4. At step 5, the workpiece 30 is

25 machined, and where the guadrant projection 50 is created, the

position of the spindle 2 is adjusted by the magnetic radial



I nventi on. Figure 17 is an explanatory view show ng a machi ni ng

process of a fourth enbodi nent of the present invention. Figure 18
is a vertical sectional view of a machine tool 15 according to a fifth
enbodi nent of the present invention. Figure 19 is a vertica
sectional view of a machine tool according to a sixth enbodi nent of the
present i nvenWpygs4383 Figure 20 is a vertical secti onalPCriiessozsssa
machi ne t ool according to a seventh gnbodi nent of the present invention.
20 Figure 21(a)-(d) are perspective views show ng vari ous pri or

SACLIEREIRTIT L TR TG PR s = fo = s
20 herei nagter; e hded pLb i &1 €5 PG et tHE BEGAIRANNLIG ocei8hEV6HTS:
by simply decentering the supporting position of the spindle 2
by the magnetic radial bearings. The operation is thereby
5 simplified as it is no longer necessary to correct the
numerical control data at each point where the X- or Y-axis
table changes its direction, yet accomplishing highly precise
machining. The method of correcting errors by adjusting the
supporting position of the spindle 2 by the magnetic radial
10 bearings 52, 53 has been described for eliminating the
quadrant projections 50 in this embodiment, but this method
.can also be applied to correct the errors in surface contour
of the workpiece 30 caused by lead errors of the screw feed
shafts 23, 33 or errors in rectilinear movement of the guide
15 rails 21, 31.

The operation of machining the workpiece 30 will be
hereinafter described. Firstly, the Y-axis table 5 is
positioned at the projected part of the base plate 11
laterally extending from the body frame 1 as shown by a

20 phantom line in Fig. 3 or in Fig. 6. The workpiece 30 is fed
to the chuck 28 and received therefrom by a relocating means
(not shown) as shown by an arrow. After a workpiece 30 which
has been machined is forwarded to a transfer means (not shown)
disposed below the projected part of the base plate 11, a new

25 workpiece 30 is positioned just under the opening 20 and

transferred to the chuck 28 by the relocating means.



13 Fig. 1(a) is a perspective view which schematically shows t he
entire configuration of the present invention. In Fig. 1(a), a box-Ilike
body frame 1 of approximtely a rectangul ar par al | el epi ped encases a
spindle 2 standing upright along a 5 Z-axis perpendicular to a.
horizontal direction, a rotary driver 3 for driving the spindle 2, and a

Z- axi s noVvi Nyoveed3ss3 4 for noving the spindle 2 and its rpeirgpdgdégsver 3
al ong the Z-axis direction. On the toop surface of the body frame 1 is a

Y-axis table 5 being novable along the Y-axis, on which an 10 X-axis table
6 is mounted for novenent along the X-axis. A chuck neans 7 for hol ding
a wor kpi ece i §h@i ¥pesdd vablehed is xhgri moved|to @ pEedeZeamisedpvi ng neans
4, the Y-axis table 5, and the X-axis table 6 are operated through a
nuner i calPoSitdgnt pBPVEEthe By framRodn Vhers dite Yrepis taBle S g erring
non L0, Fihe 515348 SUBPATE R0 DolSiTbhed oo SOMY W AEBIRLEE ALl
COeL BBt OB ke o HAREaBT BRI CTERATEE a5
plate 13 dehdd2e2dtRB LpPndle 1216 TRENsDLAFe 11,90t UQWB LP high
speed of 4000 rpm and at the same time lifted upward by the
Z-axis moving means 4 for starting the machining operation of
the workpiece 30 by the cutting tool 2a at the tip of the
spindle 2. The movements of the Y-axis table 5, the X-axis
10 table 6, and the Z-axis moving means 4 are controlled by the
numerical control device 60 to accurately machine the
workpiece 30 in accordance with a predetermined machining
configuration.
When the machining is finished, the spindle 2 is
15 descended by the Z-axis moving means 4, and the Y-axis table 5
is returned to the projected part of the base piate 11
laterally extending from the body frame 1. The workpiece 10
which has been machined is taken out therefrom and a new
workpiece 10 is chucked as described above. The operation of
20 machining is carried out by repeating these steps.
As set forth above, the machine tool according to the
present invention is constructed with high rigidity in a
compact design by disposing a high-speed motor as the rotary
driver 3 having the built-in spindle 2 within the body frame 1

25 in such a way that the spindle 2 is movable along the Z-axis

direction, thereby realizing high-speed and highly precise



Fig. 5 a horizontal sectional view of the main frane 10 appears
approxi mately U shaped. A high-speed notor as the rotary driver 3

including the build-in spindle 2 therein is approximately centered in
the main frame 10 and fixed to the 25 Z-axis noving neans 4. Since the
main frame 10 is constructed to have a U shaped cross section, i.e., as
one of the foWO098/04383 WO 98/ 04383 PCT/IP97/02585

PCT/ JP97/ 02585 23 14 sides of the frane 10
I's opened, the rotary driver 3 and the Z-axis nmoving nmeans 4 are readily

accessed for assenbli peratign or The Z-axis

movi ng meafl§€ 186ﬂ5r?é§§?2¥%%ﬁﬁ%@l§ ﬁeﬁﬂ%?gég;sg%gﬁgaﬁﬁ?Q %ﬁp. ted via a
slide block 13,0Y g gpigde [faid. 13 | gPﬁ%g%%ir}g%%gaé' g?ﬁéﬁe gétorl\'nc(tA SCrew

feed shaft "I5 15%di Sposed sparal’ er and rotatably

supported Qy gaLi pgs dfahhetR,ends thereof. A nut menber 17 fixedly
coupled to tﬁg ﬁgvgile né%ﬁ%r 1% annated with the screw feed

Since the spindle 2 is rotatably supported by non-contact

5 bearings comprising the magnetic radial bearings 52, 53, a
high-speed machining operation as fast as 4000 rpm can be
carried out. It is thus possible to lessen the rigidity of
the body frame, base flame, and each table,'since the
machining force required is reduced as the speed of operation

10 increases, further contributing to a more compact design
manufactured at a lower cost. |

The spindle is disposed perpendicular to a horizontal
plane and constructed to be movable only along the Z-axis
direétion. This enables the members such as the splash guard

15 hood 38 or the collecting hopper 40 for collecting cutting-oil
and chips to be vertically disposed. The splash guard hood 38
is mounted around the chuck 28, the upper cylinder 39 of the
collecting hopper 40 extends from the opening 19 of the base
plate 11, and the collecting hopper 40 is disposed to surround

20 the spindle 2 moving along the Z-axis direction. The cutting
0oil and the chips thus smoothly flow downwardly by gravity
into the collecting hopper 40 disposed lowermost and can be
effectively collected and processed by such a simple
configuration.

25 The method of eliminating the quadrant projections 50 is

embodied by decentering the supporting position of the spindle



10 shaft 15, which is driven to rotate by a Z-axis drive notor 18. As

the screw feed shaft 15 is rotated, the nut nenber 17 * 1is noved al ong the
screw feed shaft 15, causing the rotary driver 3 fixedly nmounted on the
novabl e menber 14 to slide along the Z-axis. 15 The base plate 11

has an opening 19 opposed to the spindle 2, through which the machi ni ng
operation i swissgloissasl out. The base plate 11 is laterall ypopifpongag from

the main frame 10 toward one directépn al ong the Y-axis by an
appropriate length, and the projected part has an opening 20 20 for
passi ng through a workpiece 30. It will be further advant ageous if the
base platé By the avaomeddd whdedy kemuigigst 82, SBeimbtlis eripglddmehe, Y- axi s
table 5 thereon, in which case the space above the opening 19 on the
mai n franBUtotints mesdosbmay alse RRIMPHFdsedaswhler win (Fikacilbi-t abe t he
exchangl Na3PSL Add) +82 Chulk GREdnd'Y 12 br8813ha i 1P udyhe SPindle 2
15

rotating means 47 to cause the chuck 28 to rotate around the

5 axial center thereof. The chuck rotating means 47 comprises a
drive motor arranged concentrically with the support cylinder
27, having a rotation axis 48 with the chuck 28 fixed to the
bottom end thereof. Numerals 47a and 47b denote a rotor and a
stator of the drive motor, respectively, and the numeral 49

10 represents a sensor unit for detecting the position and speed
of rotation.

The above described arrangement enables the workpiece 30
to be machined by the cutting tool 2a while rotated around its
axial center by the chuck rotating means 47. BAny circled

I5 parts of the workpiece 30 can be thereby precisely machined
without quadrant'projections 50.

In the above-described first embodiment, the weir 43
provided on the base plate 11 to surround the splash guard
hood 3B broadly enough not to interfere therewith has been

20 shown as an example of an arrangement to prevent the'cuttihg
0il and the chips from scattering. Since there is a gap
between the splash guard hood 38 and the upper cylinder 39 of
the collecting hopper 40, sometimes it cannot be fully
prevented that the cutting oil and the chips are splashed

25 through the gap over to the base plate 11. Fig. 16 shows

another arrangement for prevention of such scattering, in



The Y-axis table 5 is slidably supported via a slide bl ock 22 by a pair
of guide rails 21 along the Y-axis direction arranged on either side of
the base plate 11. A screw feed shaft 23 is provided in parallel with
the guide 5 rails 21 at one side of the base plate 11, and rotatably
supported by bearings 24. A nut nenber 25 fixed to the Y-axis table 5 is
mated with t IWO980438 f eed shaft 23, which is driven t 0 r BCTARITIVYS8S

Y-axis drive notor 26 to cause the Y—ax%g tabl e 5 to nove along the
Y-axis direction. 10 The X-axis table 6 is slidably supported via a
slide bl ock 32 by a pair of guide rails 31 along the X-axis direction
arranged ofhighedRAndR Sf@d Blatpeby-isjrroviged at the SkidteRif 88 shaft

33 i i ded | llel with_t [ [ .31 ,.at_the, back d of
02,1, DO LSRRIER hy ah »e SR Sl T ©

nb 35 fi - axi | d,.wi feed shaft
e 3% Bttty ond 18,500, kgl 93 BaTebECoukl L, 3 gl <he

the X’aXiSigaghfd%bfé)ﬁgﬁﬁaﬂﬂeoaﬂnﬁf§%>§éaq gﬁgggeggig?ile keeping! #ReChuck

means 7 is nounted approximately in the m f the X-axi's table 6 to
pass thereBaoiEs per@diide thdoub¥eidldy. ahd GRHRLA§aferberd F4PPEB!

cylinder 27 and a chuck
do not obstruct the movement of the chuck means 7 and the
splash guard hood 38, yet assuringly seal the gap between the
splash guard hood 38 and the upper cylinder 39 of the
collecting hopper 40.

.10 The cutting o0il and the chips created during the
machining operation can be thereby prevented from scattering
around and be effectively collected. Further, such sealing
members 64, 65 help prevention of vacuum leakage when used in
combination with the collecting duct 41 connected to the

I5 vacuum suction means (not shown), and enhances the effect of
vacuum suction for faster and more effective collection of the
oil and chips.

It has been basically described that a new workpiece 30

is fed and machined one after another in the machine tool of
20 the present invention, however, as shown in Fig. 17(a)-(c), it
is.also possible to feed a workpiece 30 having been machined
by a different machine tool in a proceeding process shown in
Fig. 17(a) to another machine tool as indicated by a
center-blanked arrow, which is then held by the chuck 28 as
25 shown in Fig. 17(b) and further machined by another type of

cutting tool 2a. In such a case, there is a disadvantage of



28 for hol

di ng the workpi ece 30 coupled to the bottomthereof. The

support cylinder 27 extends through an opening 29 forned in the Y-a
table 5 to be elongated in the X-axis direction 25 to position the bo
surface of the workpiece 30 held by the chuck 28 just above the top
surface of the base plate 11. WO 98/ 04383

PCT/ JP97/ 02580 98/04383 16 When = A
5 is brought to the farthest end on the proj-ected part o#gﬁﬂémgggi

11 extendi
position ]

ng laterally from the main2frane 1, the chuck 28 comes to
ust above t he openi ng 20, through which the morkpiece 30

fed and 5 iH@k8RaBYL - chucking eH¥@rWOL¥EPL fbég%dﬂél BS %ﬂn is a

scroll vane nade of alum™um al | oy ca I ng or

rotary

use in
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2a is an end mll for machining the vane. The workpiece 10 30 is held
upsi de doweriFPrehin ghachd Pigigamdeicd siaohi nBai Hyprdedem is overcome by a

5

20

position sensor 66 connected to the NC device 60 shown in Fig.
17(c). After the workpiece 30 already machined by a machine
tool in a proceeding process is held by the chuck 28, the
chucking position is detected by the position sensor 66, the
result of which is inputted to the NC device 60. Numerical
control data are corrected by the amount of chucking errors in
the NC device 60, according to which the workpiece 30 is
further machined.

Since the errors caused by chucking operation is
eliminated as described above, highly accurate machining is
possible even when a workpiece 30 machined by a different
machine tool is fed to another machine tool. The position
sensor 66 may be provided iﬁ plurality so as to detect the
position of the workpiece 30 at several points along the
periphery thereof, or may be arranged to be movable around the
workpiece 30. Reversely, the workpiece 30 may be arranged to
be movable while a single position sensor 66 is fixedly
mounted. For example, the workpiece 30 may be held and
rotated by the chuck rotating means 47 described with
reference to Fig. 15.

Fig. 18 shows another arrangement of a machine tool
according to the present invention, in which a plurality of

chuck means 7 are disposed in the X~-axis table 6 in parallel
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end mll 2a from bel ow Three or nore cutting oil nozzles 37 (four

nozzl es 37a, 37b, 37c, 37d in this enbodinent) are di sposed at an
approxi mately equal distance in the vicinity of the opening 19 15 in the
base plate 11 as shown in Figs. 7 and 8, to eject cutting oil to the

wor kpi ece 30 being nmachined by the cutting tool 2a at the tip of the
spindle 2. Fi WO%8W048dns only one of t he nozzles in order RCGFEPHIFESf y t he

illustration. By providing at |east pgre than three cutting oil nozzles
37 20 around the workpiece 30, it becomes possible to apply the oi | to
every part of the workpiece 30. Each of the faqur _cut I

nolzzl es (378t e37d) otker a%ﬁ?ﬂ]é&’teeéf‘laﬁlﬁndbﬁf?crﬂtﬂ?p 4% PhPSA ﬁt o‘h# control
val ves 44a- 44d,. respectively. The cqn ves 44a- 44

control | ed HRF&He WHFEFP Ia¥ﬁnﬁqaﬂ°r38§ % %% 6€hm§H 9 %é nse for

ggf’g%ggg O s EnOBSLL P PUA LN bR SHALE ”%1&%} She, X-axis Vo

direction at the same intervals as that of the chuck means 7
5 in the body frame 1. Alternatively, a plurality of chuck
means 7 may be provided in the X-axis table 6 in parallel with
each other along the Y-axis direction, as well as a plurality
of rotary drivers 3 may be provided to the Z-axis moving means
4 disposed in parallel with each other along the Y-axis
10 direction at the same intervals as that of the chuck means 7.
A plurality of workpieces 30 can be thereby
simultaneously machined, contributing to increase in
productivity.
Fig. 19 shows yet another arrangement of the machine tool
15 according to the present invention, in which a single chuck
means 7 is disposed in the X-axis table 6, while a plurality
of rotary drivers 3 are provided to the Z-axis moving means 4
either along the X-axis or the Y-axis direction. Each rotary
driver 3 may be respectively provided with the Z-axis moving
20 means 4, so that each rotary driver 3 can be moved independent
of each other along the Z-axis direction. The position sensor
66 mentioned above may be provided to the Z-axis moving means
4 in place of one of the rotary drivers 3.
By providing several different cutting tools 2a at the
25 tips of the different spindles 2 in each rotary driver 3, the

workpiece 30 needs to be held by the chuck means 7 only once,



17 nozzl es 37a-37d dependi ng on where the workpi ece 30 being machi ned
positions. Since the oil is ejected only from effective nozzles properly
sel ected, the oil punp 45 of small size can supply a sufficient anount
of cutting oil. 5 Referring again to Fig. 2, a splash guard hood 38
S provided to a skirt of the support cylinder 27 to hang above t he
top surface ofodsmaagzase plate 11. Extendi ng downwardly 5@pen|ng
19 is an upper cylinder 39 of a coIIectlng hopper 40, mhlc sposed
to surround the rotary driver 3. 10 Thé8 col | ecti ng hopper 40 |s elther
coupl ed to or connected by a bellow to the upper cylinder 39 to be

movabl e Wi talhdr eepecsl prdceseh oft ReEhiANty CNeet adnkord @ | ecting duct
41 extendi ng to the outside froma |lower part of the body frame 1. The

col | ecti ngwaupiddei 30fintd1@rirxgdlenaabhﬂné cteolacwnmrsbatimg tal5 neans, by
whi ch cutting oil and chi are di scharged. The upper cylinder 39 and
t he col | eciPRg§eABPpER EKP iydty. uniformy constructed, surrounding and
all'owing the rotary ver 3 to vertically nove t her ei n. The

col l ecting hoppg?gﬂfoz%rﬂ"“?"‘tss Siddér TRy EheE AT LEngement D0f Jkhe fppahine

eccentrlqa Oleﬁégoé 1 ec%>%%et%%eégﬁgrYnégAST%n, in which the base

plate 11 is laterally projected in the Y-axis direction from
both sides of the body frame 1, where the openings 20 are
respectively provided, and a pair of chuck means 7 are
disposed in the X-axis table 6 in parallel with each other

10 along the Y-axis direction. The Y-axis table 5 is so
construcﬁed that it can be transferrad between the farthest
ends, where one of the chuck means 7 pdsitions above the
opening 19 and the other positions above the opening 20 in the
projected part of the base plate 11.

15 This arrangement allows for increase in productivity by
reductibn of time raquired for exchanging the workpieces 30,
since workpieces 30 can be fed to and received from the chuck
means 7 situated above the opening 20 while another workpiece
30 held by another chuck means 7 situated above the opening 19

20 is being machined.

The base plate 11 may not necessarily be projected to one
or either side of the body frame 1 as has been described
above, and instead, the body frame 1 may be constructed to
have the width of the entire base plate 11, and provided with

25 the transfer means of the workpiece 30 or the relocating means

at one or either side thereof. Also, the spindle 2 may be



An air blow nmeans 42 for blowing a mxture of cutting oil and chi ps

gathered in the collecting hopper 40 toward the collecting duct 41 is

di sposed at a side where a gap made bet ween the periphery of the rotary
driver 3 and the 25 surrounding collecting hopper 40 is narrower, from
where the air is ejected toward the other side where the gap is w der,
WD 98/ 04383 WO9/04383 PCT/ JP97/ 0 97002585

18 so as to effectively collect and degscharge the cutting oil and t he
chi ps. Cutting oil may also be blown out in the above-descri bed

i tead .of . th ir. Th h || h
40 in s tandSniente Xd bel Mexdble chlatg e -m}#%f’d%ﬁ%%l.#%s s
m xture of Eugtt@xgﬁ dlaf%@tﬁtahpsand tid 1geepi '&f}é Sp rw&awg oi |

from spl ashi'ng out rough a gap at t tton1o ash guard hood
38, a weir 4g1{Swith &rh%VIydasilentmfe t@&ﬁﬁw %the dlucMB £ hedsS batiRg ik be a

| ar ge
° workpiece 30. Further, the magnetic radial bearings 52, 53
S may be replaced with any non-contact type bearings such as air
bearings for rotatably supporting the spindle 2.
It is to be understood that a machine tool designed to
have the spindle 2 along a horizontal direction will have the
same effects and advantages as those of the present invention

10 described heretofore, in which the spindle 2 is disposed

perpendicular to a horizontal plane.

INDUSTRIAL APPLICABILITY
As set forth above, a machine tool according to the
15 presént invention realizes highly precise machining yet
keeping the entire configuration to be minimized in size,
weight, and cost.
Accordingly, the present invention can be advantageously
used as a machine tool.

20

25



10 rectangle so as to avoid interference with the splash guard”‘ﬂﬁiﬁTTﬁ?_—_—-

S e T e e NI
ERLACER™

tool 2a is made equal to a radius Rl COT ner

of the workpiece 30, in order to machi of the morkplece 30
i ncl udi ng t heygelogsass Wi th di fferent radi us val ues W t h gdiapsissse
cutting tool 2a. When machi ni ng ac er 30b with a larger radius R2,
the Z-axis drive notor 18 and the Y-aXis drive notor 26 or the X-axis
drive notor 36 20 are controlled by the NC device 60 to cause the cutting
t ool 2a along the radius R2 of theckriMser 30b as shown in Fig. 10(b).
The rotary driver 3 conprises a high-speed notor with the spindle 2 as
its axis of rotlati o machhpantoel IIil’t}.raI-‘rerAZ?@dw t%’ﬂml @&r 18assuppdrti ng
the cutting tool 2a is fixedly nounted at op of the spindle 2. The
upper and shirdledd dn apkody frame (1) and a table (5 or 6) having at

least one chuck means (7) and being movable in at least one of

5 X-axis and Y-axis directions on a top face or one of four
sides of the body frame (1) vertical to the axial center of
the spindle (2).

2. A machine tool according to Claiﬁ 1, further
comprising a Z-axis moving means (4) disposed in the body

10 frame (1) for moving the spindle (2) in Z-axis direction along
the axial center thereof.

3. A machine tool according to Claim 2, further
comprising a Y-axis table (5) and an X-axis table (6} being
movable along Y-axis direction and X-axis direction,

15 respectively, disposed on the top face or one of four sides of
the body frame (1) in such a way that one is cumulated on the
other.

4. A machine tool according to any of Claims 1 to 3,
further comprising a base plate (11} provided on the top face

20 or one of four sides of the body frame (1), the base plate
(11) having an opening (19) therein opposite to the spindle
(2) through which operation is carried out, and supporting the
table(s) (5 or 6) disposed thereon.

5. A machine tool according to Claim 4, wherein the

25 Y-axis table (5), on which the X-axis table (6) with at least

one chuck means (7) is carried, is movable between a position

his Sheet Has Becn Reﬁlaced

TR
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19 spindle 2 are supported by magnejj | sl gpos 52 and 53.

Nurer al s 52a and 52b denote sensors fol"ﬂ”& k l“ u magnetic radial
t 4 v

bearings 52 and 53, respectively. A notor ¥ s sconprised of a rotor 55

fixed to the mddle part of the 5 spindle and a stator 56. A magnetic

t hrust bear i nWYOPB04383 nmount ed bel ow t he upper nmagneti c radcavIprmsssng 52,
and protective bearings 58a and 58b gje further provided for

supporting the spindle 2 when the spindle is at a halt or during its

| ow- speed rotation. Nuneral 59 denotes an encoder @ 10 di sposed at the | ower
end of thel§gtnaPeve the openinghdlfhghreitihe RaFeaplptar fhbs J® a53 are

t ted wi.th ti ' t ti tt ti, I
her con. - sgoFEden ASEERINT ahing " EprFet Eoms WAETH: GROFRET PTG d2bher of as
h b . ' ' ' ' \Wh t ind] e. 2 i 1 nt er ed
Ot oo BySCbEfelaas i Hioppd Blocd"e | MG BRLACkELS, |2 ddacen et
center of thg)beari&Qsyds fI8heah8drea LY dHf HRBROhSan2(703F i ch is

converted into signals corresponding to reference signals through a
first siognglaxispt&grssig)gd neans 61. Control signals, given by subtracting

6. A machine tool according to Claim 5, wherein the
Y-axis table (5) is retreated to a farthest end of the base
plate (11) laterally extending from one side of the body frame
(1) as far as to provide a clear space above the opening (19)

10 in the base plate (11) for operation.

7. A machine tool according to Claim 5, wherein the
base plate (11) is extended toward at least one of two sides
of the body frame (1), where the opening (20) is formed for
feeding a workpiece (30) to the chuck means (7) of the Y-axis

I5 table (5) and receiving the same therefrom.

B. A machine tool according to any of Claims 1 to 3,
further comprising a base plate (11) provided on the top face
or one of four sides of the body frame (1), the base plate
(11) having an opening {19) therein opposite to the spindle

20 (2) through which operation is carried out, and one or more
tables (5, 6) disposed above the body frame (1), wherein the
spindle (2) is arranged to have the axial center thereof along
a vertical direction and mounted with a cutting tool (2a) at a
tip thereof, and the chuck means (7) is designed to hold a

25 workpiece (30) downwardly.



20 the converted signals fromthe reference signals, are then I nputted
to a second signal processing ﬁ§§ﬁ§‘62“mhrch-—~—eonverts the inputted
control signals into nagnetic at signals. The magnetic
attraction of the magnetic Mﬁmm&"! Mh 53 are controlled by the
magnetic 25 attraction control sirgnal st mplifiers 63a, 63b, to
rel ocate thewsnadss 2 in the center of the bearings. As cagcriarerozsss

WO 98/ 04383 PCT/ JP97/ 02585
20 be seen fromthe arrangenent desc?? bed above, it is also possi bl e
to position the spindle 2 at any given eccentrical | ocation by varying

the reference s$gnal® machine to@l ngecerdingeicodnyenf @hpimy/dl ttee 3X- axi s
table 6 and the 5 Y-axis table 5 novable along the X- and Y-axes

cont rol | edwhgrein tthe mpdadileal(2t oht rigtilevince gggbosﬂ%%meﬁﬁﬂ§ @¥edposi ti ons
of t he wor kpi ece 30 which is machined by the cutting tqol 2a

posi ti oned*8FBFY 4?ﬁ¥%2 ) s thereet i 3nd %ﬂ?qq%QﬂﬂléPPPBFEﬁﬂcﬂy adver se

effects of a bac %P when.the.X- or Y-axis 5, 6
on-con ac typeé bearings.

5 10. A machine tool according to Claim 9, wherein the
non-contact type bearings are magnetic radial bearings (52,
53).

11. A machine tool according to Claim 9, further having
a means for correcting errors in machining the workpiece {30)

10 by adjusting supporting position of the spindle (2) supported
by the non-contact type bearings.

12. A machine tool according to Claim 1 or 2, further
comprising a chuck rotating means (47) for causing the chuck
means (7) to rotate around the axial center thereof.

1s 13. A machine tool according to Claim 1 or 2, wherein
the body frame (1) is constructed to have a U-shaped
cross-section.

14. A machine tool according to Claim 1 or 2, further
comprising a position sensor (66) for detecting position of a

20 workpiece (30) held by the chuck means (7).

15. A machine tool according to Claim 8, further having
a cutting oil applying means (37) for ejecting cutting oil
from one side of the opening (19) toward the workpiece (30)
being machined, and a collecting hopper (40) for gathering the

25 cutting oil and chips flowing down thereto.



10 changes the direction soneti mnes cauSes an error I n machining,

creating projections at both ends of [ 0 al ong the X- and
Y-axes as shown in Fig. 13. This er rH“‘ lwmmmmtml ~ "quadrant projection”
50, as the projections are usually =* createdrtats thte boundari es of adjacent

quadrants in an X-Y 15 coordinate. To prevent such a quadrant
proj ection 50Wwa%@43sachi ni ng operation according to this RCRIPITAREER | S
carried out in a manner hereinafter dggcribed referring to Fig. 14.
Firstly, a master work is prepared in advance at step #1, and the
surface 20 contour of the master work is nmeasured at _step 2 The anount

of each quadrant 16F oj RCTA@MLIBO ticols apePEding &q &3adm APonfurth@H ch t he

amount of correction necessary for positioping the X-axis t.abl and
the Y-axis t9BP&isingraRiash Aypard h°°8a?€éﬂ g‘i’%?d' lngsFﬁﬁuﬁé ue sct%é%kS,n t he

Created, th@eansoili (FER GOSHE pEnar: ooy LG RRENTRY FEAMT S 1 ¢
radi al workpiece (30) being machined to flow down into the collecting
5 hopper (40).
17. A machine tool according to Claim 16, further having
a sealing means (64, 65) to seal a gap between the splash
guard hood (38) and the collecting hopper (40) while allowing
a respective movement with each other therebetween.
10 18. A machine tool according to Claim 15, further
comprising a collecting fluid applying means (42) for ejecting
a collecting fluid toward into the collecting hopper (40},
which is connected to a collecting duct (41).
19. A machine tool according to Claim 18, wherein the
15 collecting hopper (40i is arranged eccentrical with respect to
the opening (19) in the base plate (11), and the collecting
fluid applying means (42) is disposed in such a way that the
collecting fluid is blown from one side where a gap between
the periphery of a rotary driver (3) for rotating the spindle
20 (2) and the collecting hopper (40) is narrow toward the other
widely-gapped side, where the collecting duct (41) is
connected to the collecting hopper (40).
20. A machine tool according to Claim 19, wherein the
collecting duct {41) connected to the collecting hopper (40)

25 is further connected to a vacuum sucking means.
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21  bearings based on the anount Of”!“ﬂﬂﬂﬂ ' | ated at step 4.
It is thus possible to prevent the qu mgﬂiﬁWs 50 by sinply
decentering the supporting position of the spitdlse by the nmagnetic
radi al bearings. The operation is thereby 5 sinplified as it is no

| onger necessipd ¥gidasgsCcor rect the nunerical control data apcppefeiRgy Nt
where the X- or Y-axis tabl e changeaygts direction, yet acconplishing
hi ghly precise machi ni ng. The net hod of correcting errors by adjusting
t he supporting position of the spindle 2 by the magnetic radial 10
bearings 52, 53lhasAbmaahiiegctédeddaprdéhgntoa€lanign tie whegeadr b
projections 50 in this enbodi nent, but this nethod can al so be applied
to correctCheing oddsapplying eranso3dir comppisehthinek pre®er80 caused by
| ead errors of the screw feed shafts 23, 33 or errors in rectilinear
moverment ofUtHOGFideeI 25t1Rg | ROZRIes3(37a~37c) diFROSHGLLS: PBARTOM Gmchi ni ng
t he workpi&ge 30 .wi,l 1 bg3 hereinaféﬁr gescribed. Firstly, the Y-axis
table 5 isthe YFPiESRed3At R D B ¥ ES part of the base plate 11

lateral l'y extengi ngaf E.QE]—;EHQ 'Pc?&i]}’ Jd’c%%iﬁga§oséfm lzkﬁ,afurther having

an on-off controller (44) for controlling ejection of the
cutting oil from each cutting o0il ejecting nozzle {37a-37¢c) in
accordance with position of the workpiece (30).
23, A machine tool according to Claim 1 or 2, wherein a
10 corner (30b) of a workpiece (30) having a given radius is
machined by numerical control using a cutting tool (2a)
designed to ﬁachine a corner (30a) of the workpiece (30)
having the minimum radius.
24. A machine tool according to Claim 1 or 2, wherein a
15 plurality of spindles (2) are arranged in the body frame (1),
and a plurality of chuck means (7) are dispoéed on the
table(s) (5, 6).
25. A machine tool according to Claim 1 or 2, wherein
the spindle (2) is provided in the body frame (1) in
20 singularity while a plurality of chuck means (7) are disposed
on the table(s) (5, 6).
26. A machine tool according to Claim 1 or 2, wherein a
plurality of spindles (2) are arranged in the body frame (1)
while the chuck means (7) is disposed on the table(s) (5, 6)

25 in singularity.



20 phantomline in Fig. 3 or in Fig. 6. The workpiece 30 is fed to the
chuck 28 and received therefromby a rel ocating neans (not shown) as
shown by an arrow. After a workpi etmllmlumr"m ifis: been nachined is
forwarded to a transfer neans (not "msu) Hed bel ow t he projected
part of the base plate 11, a new 25 wbrkpi dtes30*i s positioned just under
t he openi ng 2808884383 transferred to the chuck 28 by the relPEEEPI7Y8Hieans.

WD 98/ 04383 35 PCT/ JP97/ 02585
22 The Y-axis table 5 is then noved to a predeterm ned position
above the body frame 1, where the Y-axis table 5 and the X-axis table 6

are positioned &b- t Hatmadhd ngaERPhi 3RFWdiNGe to CIiR o7 e eT®i@aR B8iktarted
at a posi tiggngjﬂust above (Bhe axi nt er_, of ,t he, spi The spindle
S

2 is rotat ugl gipans éearﬁfg‘lll%cgsef‘grhnaﬁaea{(_?’ﬁjes st letei(%% Mt t ed
SPr L RiFbrE S SR SO e e BLLHATBH g mgper at o
Y-axis table (5) is arranged to be movable between farthest
5 ends where one of the chuck means (7) positions just above the
opening (19) in the base plate (11), the base plate (11)
having a pair of another openings (20) through which a
workpiece (30) is removed from and fed to the other chuck

means (7) when the Y-axis table (5) is located at a given

10 farthest end.

15

20

25



spindle 2. The novenents of the Y-axis table 5 the X-axis 10 table 6, and

the Z-axis noving neans 4 are controlled by the numeri cal control device
60 to accurately machi ne the wor kpi ece 30 in accordance with a
pr edet er mi ned nachi ni ng configuration. " When the machining is

finished, the spindle 2 is 15 descended by the Z-axis aniQﬂ@g§§@§54, and
the Y-axis t@oomnisss s returned to the projected part of i pl at e
11 | aterally extending fromthe body frame 1. The workpi ece 10 whi ch
has been machined is taken out therefriopnsnd a new wor kpi ece 10 is

chucked as described above. The operation of 20 machining is carried out

by repeating these steps. As set forth above, the machine too
according to the present invention is constructed with high rigidity in
a conpact design by disposing a high-speed notor as the rotary driver
3 having the built-in spindle 2 wifhip e bgfly frame 1 25 in such a way
that the spindle 2 is novable along the Z-axis direction, thereby
real i zi ng high-speed and highly precise

(a)

(b)
X-AX1S TABLE 16
NC DEVICE Y-AXIS TABLE [9
5 4
80 .. Z-AXIS MOVING

MEANS
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23 machi ni ng while keeping the entire configuration of the machi ne
tool to be small, contributing to a | ower cost and | ess space for

i nstal |l ati on. Since the spindle 2 is rotatably supported by
non-contact 5 bearings conprising the magnetic radial bearings 52, 53, a
hi gh- speed nmeWRiIWPRE operation as fast as 4000 rpmcan be PCEEPYTORBS oLt .
It is thus possible to | essen the rigihdjtyy of t he body frame, base
flame, and each table, since the machi ning force required is reduced as
t he speed of operation 10 increases, further contributing to a nore
conpact design manuf actured at _a Iomer cost. The spindle is

di sposed perpendicular to a horquhvaug g?ane and constructed to be
novabl e only along the Z-axis direction. This enables the nenbers such
as the splash guard 15 hood 38 or the, collecting hopper 40 for collecting
cutting oil and ChIpS to 3rovc ggsposed The splash guard hood
38 . is nmounted aro dgu k 28, |t pper [ 3D of the

col I ecti ng hopper 4 tehd QE%? L““ “*" jlate 11

and the coIIectinQ?x P ;ﬁ_ﬁ é§3>> seu;t_j hﬁﬁ?ﬁ?ﬂﬂ) “rdv
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20 the spindle 2 noving along the Z-axis direction. The cutting oil and

the chips thus snoothly flow downwardly by gravity into the collecting
hopper 40 di sposed | owernost and can be effectively collected and
processed by such a sinple configuration. 25 The net hod of
elimnating the quadrant projections 50 is enbodi ed by decentering the
supporting podY@ M3 t he spindle : WD 98/ 0438BCT/IP97/02585
PCT/ JP97/ 02585 3/ 14 24 2 by the nmagnetic
radi al bearings 52, 53 in this enbodi nent, but this nethod nay al so be
nodi fied as shown in Fig. 15. As can be seen, the chuck neans 7 is
provided with a chuck rotating neans 47 to cause the chuck 28 to rotate
around the 5 axial center thereof. The chuck totating nmeans 47 conprises a
drive notor arranged concentrical | yfniZ hgt he pport cylinder 27, having
a rotation axis 48 wth the chuck 28 fixed to the bottom end t hereof.
Nurmeral s 47a and @/b denrpig7a rotor a
S Dy g7 6 3533
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stator of the drive notor,

respectively,

and the nuneral 49 10 represents

a sensor unit for detecting the position and speed of rotation.
The above descri bed arrangenent enabl es the workpi ece 30 to be nmachi ned

by the cutting tool

2a while rotated around its

chuck rotating neans 47. Any circled 15 parts of

t her eby preci WI904882hi ned

the above-described first enbodi ment, st hgaweir 43

plate 11 to surround the splash guard

interfere therewth has been 20
prevent the cutting
gap bet ween the spl ash guard hood 38 and the upper cylinder 39 of t he
netines it can@op be fully prevented that the

col | ecti ng hopper
and thpe chi
plate 11. Fig. 16

cutting oil

scattering,

25/
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oil and t

axi al center by the
t he wor kpi ece 30 can be

W t hout quadrant projections FECTAIPI7/2585 | n

provi ded on the base

hood 38 broadly enough not to

Qwn as ap exanple of an arrangenent to

¢hi@s. f m scattering.
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Since there is a
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25 whi ch an annul ar seal plate 64 is provided at the skirt of the
spl ash guard hood 38, and a seal frane 65 is di sposed above and al ong
the circular opening 19 of the base plate 11 which is slidable with the

annul ar seal plate 64 while keeping the 5 sealing performance
t her ebet ween. WH8/04383| | ng nenbers 64, 65 do not obstruct ROTAPHENZERSENt Of

the chuck neans 7 and the spl ash guard hood 38, yet assuringly seal the
gap between the spl ash guard hood 39 dhd the upper cylinder 39 of the
col | ecting hopper 40. 10 The cutting oil and the chips created during
t he machi ni ng operation can be thereby prevented from scattering
around and be effz:éézgdy cfl | ected. Further, such sealing menbers 64,
65 hel p preventio aCuuln | eakage when used in conbination with the
col l ecting duct 41 connected to the 15 vacuum suction neans (not shown),
and enhances the effect off— VacqmrSuttT™Af or faster and nore effective
col l ection of the Qil Hnd chi pH 3} has been basically described
t hat a new wor kpi ece 30‘*; { IR
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is fed and nachi ned one after another in the nachine tool - of 20 the

present invention, however, as shown in Fig. 17(a)-(c), it is al so
possible to feed a workpi ece 30 havi ng been nachi ned by a different
machi ne tool in a proceedi ng process shown in Fig. 17(a) to another
machi ne tool as indicated by a center-bl anked arrow, “hiﬁﬂghﬁohﬂfn hel d
by the chuckyg@s@sss 25 shown in Fig. 17(b) and further mach by anot her
type of cutting tool 2a. In such agcasg, there is a di sadvantage of

WD 98/ 04383 PCT/ JP97/ 02585

26 i nevi tabl e chucking errors of approximately 5 [err] mwhen the

wor kpi ece 30 is held again by the chuck 28, causing greater errors in
machi ni ng precision. This problemis overcone by a position sensor 66
connected to the NC device 60 shown in Fig. 5 17(c). After the workpiece

30 already machi ned by a nmachi ne th'olgi D a7pr oceedi ng process is held by
the chuck 28, the
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chucking position is detected by the position sensor 66, the result of
which is inputted to the NC device 60. Nuneri cal control data are
corrected by the anobunt of chucking errors in 10 the NC device 60,
according to which the workpiece 30 is further machined. Si nce
the errors caused by chucking operation is el imnated as descri bed
above, hi ghl ywaese3sx e nachining i s possi bl e even when aPGOIRINASS 30
machi ned by a different 15 nmachi ne tqu i,s fed to anot her nachi ne tool.
id

The position sensor 66 may be prov 4in plurality so as to detect the
position of the workpiece 30 at several points along the peri phery
thereof, or may be arranged to be novabl e around the wor kpi ece 30.

Reversely, the workpiece 30 may be arranged to 20 be novable while a
single position sensor 66 is fixedl yp » EEuntgg. For exanpl e, the workpiece
30 may be held and rotated by th chuk «o ting means 47 described with
reference to Fig. 15. Fig. 18 shows anot her arrangenent of a

machi ne tool 25 according to the present invention__in whic Gijplurality
of chuck nmeans 7 are diqua?ﬂain t he X-axis tabl CpDEVI al | el
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27 with each other along the X-axis direction. A plurality of rotary
drivers 3 are supported by the Z-axis noving neans 4 di sposed in
parallel with each other along the X-axis direction at the sane

Intervals as that of the chuck neans 7 5 in the body franme 1.

Al ternativel woasmubsy al ity of chuck neans 7 may be provi deBCTHPXAESXK- axi s
table 6 in parallel with each other along the Y-axis direction, as well
as a plurality of rotary drivers 3 &dy'%e provided to the Z-axi s noving
means 4 disposed in parallel with each other along the Y-axis 10
direction at the sane intervals as that of the chuck neans 7. A
plurality of workpieces 30 can be thereby si mul t aneousl y machi ned,
contributing to increase in productivity. Fig. 19 shows yet
anot’her arrangenent of the machine tool 15 according to the present

I nvention, in which a single chuck means 7 i s disposed in the X-axis
table 6, while a plurality

Fig. 117
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of rotary drivers 3 are provided to the Z-axis noving neans 4 ei t her
along the X-axis or the Y-axis direction. Each rotary driver 3 may be
respectively provided with the Z-axis noving 20 neans 4, so that each
rotary driver 3 can be noved i ndependent of each other along the Z-axis
direction. The position sensor 66 nentioned above may be provided to the
Z-axis nmovingwossnass 4 in place of one of the rotary dri vacTBer/0258s

By providing several different cuttingdgoj,s 2a at the 25 tips of the
different spindles 2 in each rotary driver 3, the wor kpi ece 30 needs to
be held by the chuck neans 7 only 9?9f’ 72 WO 98/ 04383

PCT/ JP97/ 02585 g - 28 and sever al
processes of machining can be done to the wor kpi ece 30 in a single
machi ne togR)contributin i i bvity. Fig. 20
shows still further a ngenment of the machine 5 tool cording to the
present invention, in I ¢h the base %g
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plate 11 is laterally projected in the Y-axis direction from bot h si des
of the body franme 1, where the openings 20 are

and a pair of chuck nmeans 7 are

parallel with each other
is so constructed that
ends, where oweshaBhe chuck means 7 positions above the PCEFAPYNQS8E90 and
t he other positions above the opening 20 in the
Thi s arrangenent0 & 3ows for increase in productivity
by reduction of time required for exchangi ng the workpi eces 30, si nce
wor kpi eces 30 can be fed to and received fromthe chuck nmeans 7 situated

base plate 11. 15

above the opening 20 whil e another workpiece

respectively provided,

di sposed in the X-axis table 6 in
10 along the Y-axis direction. The Y-axis table 5
it can be transferred between the farthest

proj ected part of the

30 held by anot her chuck

means 7 situated above the opening 19Y-88I$s bei ng machi ned. The

base plate 11 mayfqgt gne.ceisai ly be proje
the body frame 1 as has been descri bed
franme 1 may be constructed to hav

be

' dﬁé@

PREPARE
MASTER WORK

MEASURE CONTOUR OF
MASTER WORK °

OBTAIN AMOUNT OF
PROJECTIONS 0

CALCULATE AMOUNT OF
CORRECTION FOR

POSITIONING TABLES

ADJUST POSITION OF
SPINDLE BY MAGNETIC
RADIAL BEARINGS

d to one or either side of
and instead, the body

f the entire base plate

t he wor kpi ece 30 or the
rel ocati ng nmeans at one or eithégr sid he) eof .

Al so, the spindle 2 may
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as t he

WD 98/ 04383
designed to be novable along the X-axis direction as well
only with the

29

Z-axis direction, and the base plate 11 may be provi ded

Y-axis table 5 with the chuck 28 for holding the wor kpi ece 30. Further,
5 may be replaced with any

the magnetic radwadogpgssi Nngs 52, 53
non-contact type bearings such as air bearings for rotatably supporting
It is to be understood that a machi ne t ST/ @8usssed

the spindle 2.
to have the spindle 2 along a horizontdl /di44 ection will have the sane
i nvention 10 descri bed

effects and advantages as those of the present
perpendi cular to a

heretofore, in which the spindle 2 is disposed
hori zontal pl ane. fThtH?TRIQLngPLICABILI As set forth above,
pr esgfjt ny rlizes hi ghly

a machi ne tool according to the
preci se nachining yet b —~-49
I s
B B
RS T I L
e
i e
IR A Y
{ ""L'J'.“ :-::_-3- : }
> cd _.fl..J,{i-.{':;_':;g L} -..:: / 7
/;C/ ?% f? ///
A\ | R/
- C—— ~—28
T
Fig. 768
38 227028 e
2 | 3
2
S
\ 2a 27
T—\ '
i i P I
15—} 3 1140
_ 35 :
42— \ 5
174 T
14— 3
i L



keeping the entire configuration to be mnimzed in size, wei ght, and

cost. Accordingly, the present invention can be advant ageously
used as a machine tool. 20 25
30 CLAI V5 1. (Anended) A nmachine
tool having a spindle (2) and a sl i dabl e menber (5, 6) which noves in
X and/ or Y di weoshs3 housed in a machine body (1) for mraTlrsweesssa
wor kpi ece (30) 5 held wth a chuck nmeans (7) by a tool (2a),
characterized in t hat 12 / 14
Fig. 17
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the spindle (2) is supported at both sides within a stationary box-1ike

body frame (1) which constitutes a main frame of the machi ne body (1)

and | ocated approximtely at the 10 center of the nmachine body (1), and

t hat an X-axis table (6) and a Y-axis table (5) being

respectively novable in X-axis and Y-axis directions are provi ded on a

top face or waowmsossour sides of the body frame (1) and xdrepenesss i n a

pl ane, which lies orthogonal to the 3[32 of the spindle (2) in such a
er,

manner as to be cunul ated on one ano the chuck nmeans (7) being
nmount ed on the upper one or the X-axis table (6) and Y-axis table (5).
2. (Amended) The machine tool according to Caim1l, wherein the spindle
(2) is fixed to a ﬁ)g-s mfvigg nmeans (4) 20 XWhI cfis slldably support ed
on guide rails (12) at both si des gthlnt e ane ngélng
the spindle (2) in Z-axis dII’ECSO ! € I ne
tool according to daim 2, V\Zr_g me ( tructed to
have an 25 approxi mately U sh § C

0 L@T g rails (12)

are disposed in the body frane %)/1"
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30/ 1 novi ng neans (4) at both sides in such a manner that the entire

construction of the nmachine tool would appear approximately symmetri cal
in a cross section around an axis of symmetry between the guide rails
(12). 5 4. A machine tool according to any of Cains 1 to 3,

further conprising a base (11) provided on the top face or one of four
si des of the 939?‘?33@ (1), the base plate (11) havi ng arcTmewbisgs (19)
therein opposite to the spindle (2) i%po§§h whi ch operation is carried

out, and supporting the 10 table(s) (5 di sposed t hereon. 5.
A machi ne tool according to Caim4, wherein the Y-axis table (5), on
which the X-axis table (6) wt.h at |east one chuck neans (7) is carried,

i s novabl e between a position

Fig. 21




25 - WO 98/ 04383 . o

PCT/JP97/02585 ; .31 j ust above the
gpening (19) in the base plate (11) and a p05|t|on | ateral |y away

t her ef rom where anot her opening (20) is provided in the base plate (11)
t hrough which a wor kpi ece (30) is rempved fromand fed to the chuck
nmeans (7) of the 5 Y-axis table (5). 6.. A machi ne tool according

to daimb5, wherein the
DESCRIPTION

Machine Tool

FIELD
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The present invention relates to a machine tcol.

w

BACKGROUND ART
In a conventional machine tool with a vertical spindle,
the spindle is supported by a column in such a way that the
10 spindle is movable along its axial direction or the Z-axis,

and the column is either directly or indirectly supported on a

cemplary arrangement shown in Figure 2i{a}), an

(]

case. In an
X-axis table 72 being movable in the X-axis direction is
mounted on a base 71, and a column 73 serving as a Y-axis

15 tablelbeing movable in the Y-axis directicn is mcunted cn the

X-axls tablis 72. A spindie head 74 1s suppcrt=d by the column
73 movably alecng the Z—akis,'and a work bed 75 is connected to
the base 71. " In another arrangement éhownfin Figure 21(b), an
X-axis table 76 serv1ng as a work bed and the column 73

- 20 serving as a Y-<axis table for movement in the Y-axis direction
are mounted on the base 71. The spindle head 74 is supported
by the column 73° movably along the 7Z- axis direction.

U.S.Patent No. 5, 439 431 typlcally discloses such type of
machine tool, in which a spindle driven to move in Z-axis

25 direction is mounted on a compound slide (corresponding to the

column 73 in Fig.21(b)) which is moved in X- and/cr Y-axis

HVENDED SHEET



Y-axis table (5) is retreated to a farthest end of the base plate (11)

| aterally extending fromone side of the body frame -~ (1) as far as to
provi de a cl ear space above the opening (19) 10 in the base plate (11) for
oper ati on. 7. A machine tool according to Claimb5, wherein the
base plate (11) is extended toward at |east one of two sides ~of the body

frame (1), where the opening (20) is forned for feeding a workpi ece (30)
to the chuck nmeans (7) of the Y-axis 15 table (5) and receiving the sane
t heref romdirection.8. InAvelichnpéheoobkraecgedeng sooanyiof *Chares21(tp, 3,
further conprising a base plate (11) provided on the top face - or one of
four si desrof-Elé shady kr afe setyinthesbasecpkabed befhy) mhavbhg an openi ng
(19) therein opposite to the spindle 20 (2) through which operation is
carried out3zxdisd “errecor cnoie moutabbesn(5, Y6rxdbspebéd dbovert hevboeytfrane
(1), wherein the spindle (2) is arranged to have the axial center

t hereof alenghe ‘gaxdst idégecdirect WoAchndsnduapededi th- aheub&sagt ool A( 2a)
at a tip_thereof, and the chuck neans (7) is designed to hold a 25

wor kpi ece SE30nddRnR&r dl vy .

FERDED SHEET
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32 - 9. A machine tool according to any of Clains 1 to 3, wherein
the spindle (2) is built in a high-speed notor as a rotary driver (3)

t hereof and rotatably supported by non-contact type bearings. 5 10.
A machine tool according to Claim9, whegein the non-cont act type.

beari ngs are nmagnetic radial bearings (52, 53). 11. A nmachine
tool according to Claim9, further having a nmeans for correcting errors
i n machi nFAYSERE RBRKPREEES(BAFhine by hdj Larvay. soppvieingnposition of the
spindle (2) supported . by the non-contact type bearings. 12. A~
machi ne t 86PSREEHBRdI AGSt BCCPEFAFY drl2rgenrshess incanprtsbny Limhudke
rotating neans (47) for causing the chuck means (7) to rotate around the
axi al centef-fhefeof™- 15 13. A machine tool according to Caim1 or

2, wherein the body frame (1% %§ constructed to have a U shaped

CrOSS-section.AROtner croclem 1 triputable to the detoursad structgre

5 and the large scale of the entire machine. Thermal deflacricn
caused by changes in tamperature has greatar influsnce on the

mecnanisms, adversely aifecting the precision of machining.
In view ¢f the foregeing, it is an cbject of the present

invention to provide a machine tool which accomplishes a high

Zisclosure 3§ Invention

In order o acccmplish the above-said cbject, a machine

Y

I3 720, according T tne cgresent invention is characterizad in

tnat he spindle is suprortad at both sides within a

'O

s:ationgry boxélike'body framé which constitutes a main frame
of the.machine pody and located approximately at the center of
The mfphine bocy, and that an X-axis table and a Y-axis table
20 being reséectively movabie alongix—axis and Y-axis directions
are provided on a top face or one of four sides of the body
frame and therewith.-in a plane, which lies orthogonal to the

axis of the spindle in such a manner as to be cumulated on one

another, the chuck means being mounted on the upper cne of the

2
()

X-axis table and Y-azxis table.
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14. - A machine tool according to Caim1 or 2, further ~conprising a
position sensor (66) for detecting position of a 20 workpiece (30) held by
the chuck neans (7): 15. A machi ne tool according to O aim 8,
further having a cutting oil applying neans (37) for ejecting cutting

oi | from one side of the opening (1933 toward the workpiece (30) bei ng
machi ned, and a col | ecti ng hopper (40) ér gathering the 25 cutting oil
and chi ps flow ng down thereto. WO 98/ 04383

PCT/ JP97/ 02685 of the spindle in such a manner 338 to be cumullated e binre
tool according to Claim15, further conprising a splash guard hood (38)
provi ded afmodiidet hecrohuckick mearss ded)nd orcwanssi non tdies cutddng @ lof che

spl ashi ng around the wor kpi ece (30) being machined to flow down into the
col | ecti ngi-Sxhoppsrld 40)d Y-axis tabhe.A machine tool according to Caim
16, further havin a sealing neans (64, 65) to seal a gap between the

splash Relative pesitions tetween the chuck means and the
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variapcly determining the positicnal relationship tetween the
spindle and a workpiesce held by the chuck means i1s ccmprised

) D 3

10 ¢cf the btody frame and the table on
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guard hood (38) and the coll ecting hopper (40) while allowing a _
respective novenent with each other therebetween. 10 - 18. A machi ne
tool according to Caim15, further conprising a collecting fluid
applying neans (42) for ejecting . a collecting fluid toward into the

col tecting hopper (40), - which is conngcted to a collecting duct (41).
19. A machine tool according to Caim 18, wherein the 15 collecti-ng hopper
(40) is arranged eccentrical with respect to t he opening (19) in the
base pl at eord1yidanthdterald edttutrgn: Wfilchi daapplotineg , meads i 042)ides no

di sposed in such a way that the collecting fluid is blown from one side
wher e a gampwbefamrrr mertder perigihearsy 2ofcaa cridtary edr iveunh3) okeridohat hog
the spindle 20 (2) and the collecting hopper (40) is narrow toward the

ot her v et 95 gappexkrsicissh weenbe rt.he Thel kectiineg ddsdn( 41) the machonaect ed
to the collecting hopper (40). 20. A machine tool according to -

C ai m 19, twher eiar tidee thucoldreedtly doots cEdtr econriett edatld the tofhecting
hopper- (40) 25 is further connected to a vacuum sucki ng neans.

5 parts vat keeping nigh rigidity. High-speed and nighly

n
b

accuracte machining is thersby accomplished whils minimizing
theé structure in sizs, weight, and cost. Further, the entire
structure of the machine tool can be made approximatsly
symmetrical arcund the spindle as the axis of_symmetry, which
10 ré;trains adverse effécts cf thermal deflection caused by

changes in temgerature which leads to errors in machining. It

13 In the ac:cvs structurse, the spindle is fixed o a Z-axis
meving means which is slidablily supported on guide ralis within
‘the body frame for moving the spindle in Z—akis direczion.
Since the spindle is movapble in only one axial dirsction, the
structure is simplified yet constru¢ted with high rigidity and
- 20 precision. The workpiece can also be accurately positicned by
cohtrollipg.each table.
The ma¢hiéeﬁtﬁol according to the present invention may

further comprise a base plate provided on the top surface or

AMENDED SHEET
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34 21. A machine tool according to Caim15, wherein the cutting
oi | applying neans (37) conprises three or nore cutting oil ejecting
nozzl es (37a-37c) disposed to surround t he wor kpi ece (30) being

machi ned. 5 22. A machine tool 8rd|ng to ﬂ' havi ng
an on-off controller (44) for controlli ng ej ection mmﬂﬁﬂlmnﬂn”m oi | '

fromeach cutting oil ejecting nozzle (37a-37c) in atcdrddnce wrth
position of the workpiece (30). cLA3MSA machl ne tool according to
Caim1l1l or 2, wherein a 10 corner (30b) of a workpiece (30) having a given
radius is machi naflehyeauner ACakcEONE I o UShaPiAg CAt b NEd1£012)( 234 =

desi gned to machine a corner (30a) of the workpiece (30) havi ng t he

m ni mum r agditiSapie memcc24(SA BRCHRDEN tAOTeaCCOr di HGc I Or O ad i dewior?,
wherein a 15 plurality of spindles (2) are arranged in the body frane (1),

and a pluratitgdotnchuekc-neaasscédy ate fhspesedionnghe wer

tabd ef s)3035, 6).

25. A nachine tool according to Claim1l or 2, wherein
3 neld with a chuck means ) by a tocl (2ay, charactarized in
That
the spindie (2) 1is supported at both sides within a
staticnary becx-like body frame (1) which ccnstizutss 2 main

and located apprcximatsly at the

rame of the machine body (1)

m center of the machine body (1), and that )
an X-axis table (86) and a Y-axis table (5! peing
rzspectiveiy mcvable in X-zaxis and ¥Y-axis dizecticns ars
ocrovided on a Top Zace cr one of fouf sides of the bedy frame
1} and therswlth in a plane, which liss orthogcnal 0 the

3 axis of the sctindls (2) in such a manner as tc ce cunulated on
one another, tne chuck means K7) being mounted or the upper
one of the X-zxis table (6} and Y-axis table (5;.

The machine tool according tc Claim 1,

2. (Amenced)

whef;in the sp}ndle (2) is fixed to a Z-axis moving means (4)

which is slidably supported on guide rails (12) at ktoth sides

within the body frame (1) for moving the spindle (2} in Z-axis.

direction.

The machine tool according to Claim 2,

3. (Amendced)

wherein the bedy frame (1) is constructed to have an

shaped cross section and the guide rails (12)

approximately J-

" are disposed in the body frame (1) for supporting the Z-zxis

AMENDEE SHEET



C e et

the spindle (2) is provided in the body frame (1) in_20 singularity while
a plurality of chuck neans (7) are di sposed on the tabl e(s 6) .

26. A machine tool according to daim1l or 2, V\here:,\m“ml “IElilh ui
spindles (2) are arranged in the body frane (1)

(7) is disposed on the table(s) (5 6) 328 in singul arlty

WD 98/ 04383 PCT/ JP97/ 02585
35 27. A machine tool according to Claim5, wherein a pair of
chuck neans{if)g areardi sposad bothheiXeaxiis talkhe a( @ningr thpar ahkel with
each other along the Y-axis direction, and the Y-axis table (5) is
arranged13ndﬂrannaﬂﬂ&rxmimmen‘fakeh@sch'ﬁeemag lwwerd dorerert he chuck
means (7) positions just above the opening (19) in the base plate (11)
the base plate: (k) ely rawimeg rdSpdi Lnok arosisesegpénintngs oL2g) arhrsig§ho®hi ch
a wor kpi ece (30) is renoved from and fedqtﬁo t he ot her chuck

SYIINETIY ..,e':.veen tne gul-:e rzils 12}, .

3 4 A machine tecl according to any c¢f Claims 1 te 3,
furcher comprising & base plate (11} provided cn the top face

111) having an cpening (1%, therein opposite to the spindle
{2} through which coeration is carried out, and supporting the

10 cable{s! (5 or 6) dispcsed thereon.

5 3 machine tocl according to Claim 4, wherein tne
Y-axis taple ', cn which the X-ax rable (6} with at lesast
sre chuck mezns (7% is carrisd, is movaple dstwesn a position

[ %)
W
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nmeans (7) when the Y-axis table (5) is |ocated at a given 10 farthest end.
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(54) Title: MACHINE TOOL /
(57) Abstract

A machine tool of small scale, light weight, and low cost, yet
accomplishing a high degree of precision in machining. A spindle
(2) is encased in a body frame (1) and disposed preferably in such a
manner that the spindle (2) is movable along an axial center thereof
or Z-axis direction by means of a Z-axis moving means (4). Either
Y-axis table (5) or an X-axis table (6), at least being capable of
moving along X-axis or Y-axis direction, or both is provided at one
end of the spindle (2) on one side of the body frame (1) and arranged
to be vertical with respect to the axial center of the spindle (2).
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