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TABLE ‘APPARATUS Thi s invention relates to a table apparatus. A table
apparatus partlcu1arly ‘an X-Y assenbly- or" rotary table assembl y capable of .

bgv-ng driven 5 independently al ong nutual |y perpendicul ar axes, i ? 2_%0\'
hployed as a p03|t|on|ng tabl.e in machine tools and in many other m\j

ﬁfde shaft) 1s prOV|ded and 10 carries a sliyde which is capable of
-slld al ong the guide surface or guide shaft. “In tihe usual arrangeme
drive source (such as a .DC notor or pulse notor) is secured to the b
and ‘a feed.screw or the-like transmits the power provided by the drive
‘source in 15 order to nove the slide. papngi XpPARATHSDl es of this type are
stacked to construct an XY table assenbly, rotary table assenbly or the

| i ke. The conventional apparatus has been unable to satisfy the need for a
hi gh- speed slldlng capability 20 over a long stroke, as well as the need
for hi gh positioni ng Brdgirinvention mediatens tor @ sabilel Apperatus2

A table apparatus. particularly an X-Y assembly or

rotary table assembly capable of being driven

'independently along mutually perpendicular axes, is

o
o

employed as a positioning table in machine tools and in
- many other fields.
N A table apparatus of the above type has a base on
which a guide surface (or guide shaft) is provided. and
1b. carries_a slide which is capable of being slid along the
guide surface or guide shaft. 1In the usual arrangement
a:drive source (euch:as a DC motor or_pulse motor) is
secured'to rhe base, and a feed screw or the:iike
transmits the power provided by the drive source in
15 order to move the slide. Individual tables of this type
| are stacked to construct an X-Y rable assembly, rotary
table assembly or the like.
| The eooventional apparatus has'been unable to
satisfy the need for a high-speed sliding capability
20 over a long stroke, as ﬁell'as_the need for'high'

positioning accuracy. The problems are as follows:



25(1) Costs are ‘raised because a Iong feed screw i's required for ‘t'he l'ong

" .-q-.._a‘.:p.m

ke. Cost are raised even further when a ball .screwis used to &achieve

speed rotation of the feed screw. 5 (2) The feed screw nust baw/

ted at high speéd to slide the table at high speed, but the rotational
i speed of the feed screwis linmited by the material of which the screw and
nut are constructed, as well as by their shape, dinensions, nethod of

' nachining, supporting 10 structure and thezlike. High'speed rotatiaon of

the screw even within the allowable Iimts-is undesirable in ternms of
durability. (3) Tqi9li ¢oststakeczhibedhbepafidel b 16nB" ebear sdrbbiaist he
table be as light in weight as possible in 15 order to reduce its inertia.
Wth the convenrequiziedafoznghecdibnghetevke, tOestabke pAised evear slide
serves as the base for the upper slide, and thedrive source for the upper
slide nust be $urthesgwhesr anbahlt merewbie vsedhto| agbievei High Fpeed

inevitable result ig 20 _greater melght and high inertia. Accordi.ng to the ]

pr esent |nventF@ﬁatﬂHGrefl§hﬁr59PﬂeG 8€Fabl e apparatus having support.
bl ocks and conprlskgq qhgukggdmaxrgét%ngngebet%eged athfgﬁporéeQIocks

slide the table at high speed. but the rotational gspeed
of the feed-screw-is limited bv the_material of which
the sciew and nut are construoted. as'well as.by their
shape, dimensions, method of maohining. supporting
10 structureband.the 11&5._ High speed rotation of the
screw even within the allowable limits is undesirable 1n
terms of durability.
(3) To slide a table at high speed it is preferred '
| that the table be as light in weight as possible in
15  order to reduce its inertia. Wlth the conventional
| arrangement; however. the table of the lower. slide
serves as the base for the upper slide. and thedrive
source for the upper slide must be slid together with
the table of the lower slide.' The inevztable result is
20 greater weight and h1gh 1nertiaa :
Acoording to: the present 1nvention. there: is
provided a table apparatus having support blocks and
comprising° - |

a guide way extending between said support blocks:

.

»



a non-circul-ar guide.shaft extending between said support blecks, i-n
parallel to said duide way; a |lower slide slidably supported by said guide
vwey -and said guide shaft, said | ower slide being. 5-. l-ongitudinally N
- fovabl e -al ong sai d ‘gui de way and sai d gui de shaft: “an-upper slide sli 23I

prount ed on said | ower slide; drive.means for -rotating“sai d gui de shaf
a~fotation transm ssion mechani sm engagi ng w34 h said 10 guide shaft an
slidabl e thereal ong, said rotation transm ssi on nmechani'sm bei ng drivab!y‘_
connected to said uppepoflbfifchPabOysidél shatt Ioxtdhdidh ftieddh said -
perpendi cular to an gxflgao?gsg?gagu*gie sh%ft -’Tln responésae to rot atsiaon of

sai d guide Shaftsuﬁ?or’t bloéRs SMPRUpaEAL 16 €desdiw efiiqu wiy:l now be
descri bed, by way of exanple. with reference to the acconpanying draw ngs,
.in which:- Fig. 1 is a pbwarvskide|slidably spnpporedd by dadd qliidenwayl a
tabl e apparatus of the present invention; 20 Fig. .2 is an enl arged
vi ew of section Andhsakdi guide shafy; saiyl jbower akidmdieingew t aken al ong
the line 1I1-111 of'Eig.,l; : ' .

o - .5 longitudinally movable along said guide way and said

«

guide shaft;
v ' an upper slide slidably mounted on said lower slide:
drive means for rotating said guide shaft: and
a rotation transmission mechanism engaging with said
100 guide shaft and slidable therealong, said rotation
transmission méchanism being d:ivably_connected to said
uppér slide to_mové s&id:slidé in a dizection
perpendicular to an axis of said gquide shaft in response
to rotation of s&id guide shaft. |
15.'_- An embodiment of the invention will now be
described, by way of example, with reference to the
accompanying drawings, in which: _
fig. 1 is a plan view illustrating a preferred
embodiment of a table apparatus of the present inven;iog:
. - 20 | Fig. 2 is an enlarged view of section A shown in
Fig. 1: |
FPig. 3 is a sectional view taken along the line

III-111 of Fig. 1;



-4 Fig. 4 is-a sectional view taken along the line I-V-1V of Eig.'I:_FVg; 5
is a sectional view taken along the line V-V of Fig. 4. 5 LFig. 6is @
/play view showi ng the principal portion of an upper slide: and Fig. 7 is a

'é¥§§g}ional view taken along the line VII-VIl of Fig. 6. A preferred

di‘ment of the present invention will 10 now be described in L

o] unctian with the_acconpanying~dramﬁngs.gFig; lis aplan viewof a _?*#
table apparatus. The table apparatus 10 has .support blocks 11.12, a'! '
Ind 2 Tongi t i nat e 36 Ak Seeceny Y3RH BABaR. UGk Busitindl 11s™
and t he gui de Sﬁﬁ.ffv e ﬁ%.sthvm_i n Fig. 3, the_gui de plate 13 is a _

Fig. 5 is a sectional view taken along the line v-v
of Fig. 4: | - |
5 Fig. 6 is a plan view showing the.prineipal pq;tion _ .
ofran.upperwslide:-anq_ ' . | .
"Fig. 7 is a sectional-vieﬁ taken*a10n§=the-11neg ' - *

V1I-VII of Fig. 6. | |
A preferred embodiment of the present invention will
10 now be described in conjuﬁction-with the-accbmpan?ing_
dfawings.. ' | |
Pig. 1 is a pl#n view of.a £ab1e apparatus. The
tabie apparatus 10 has support blocks 11,12, a guideway
or guide plate 13_extending-betWeen-the support blocks

15 11,12 and a longitudinal slide 16 is slidably supported

. by the guide plate 13 _



f1 at pl ate which is fixedly secured to a hollow, rectangul ar col pm<l5 °
brldglng t he support bl ocks 11, 5 12, and. which is enbraced/f ei t her
i‘dé by rol l.er * pairs 17 a pIurallty of .which are prOV|o-é;gg]the. 4
Fongltudlnal slide 16, allowi ng the slide be slid longitudinaMty as it
i s~guided and supported by the guide plate™13. 10 The qgui de
§h ft 14 is a hollow bar having a hexagonal cross-section, as illustrated

in Fig. 4, and lies parallel .to the guide plate 13. The gU|de shaft 14 4 s
otat ably supported at the end portions thereof by the support blocks 11,

2, and is e el guide Bnalfhr@g.guide.rollers 18 provided on the
ongltudlnal sl'ide 16.” Thus the siide 16 is gui-ded al ong the. guide plate 13

nd -t he gui'de shaft 14asorticwadinaFiy.a3, thes guide plagel 48 dstar 19
rovi ded on- the support block 11 drives a pulley 20 through suitable speed

reducti on meaflat plate whiehely diieidly meberedtostr biodldew,paral el to
1he gui de shaft 14 ‘between a pulley 21 provided coaxially with the pulley

20, and a tenvewtamgulay 22lpmay 1§ebridatimg divepsuppordscblogks Ide
{ongltudlnal slide 16 has a frame 24 to which the belt 23 is fixedly

secureds$ so t iR, 28d which s egbracedu frommeddhery sideddy ﬂ-’ﬁélﬁé'ngl t udi nal
3 pairs 17 a plurality of which are provided on the,
longitudinal slide 16, allowing the sllde to be slid
'1ongitudlnal1y as it is guided and supported by the
guide plate 13, . -
ld E ; The guzde shaft 14 is a hollow bar havzng a
| -hexagonal cross-section, as illustrated in Flg. 4,
and lies parallel tp-the.gulde plate;l3._ The -guide |
*=yeha£t 14'is rotatably supéerted at ‘the end pottionS'
thereo£ by the support blocks 11, 12, and is embraced
15 . by three guide.rollers 18 ptovided on the longitudinal
| %siidellﬁ. Thus the slide 16 is guided along the guide
é -..- | blateil3 and the guide shaft 14 longitudinally as it is slid.
. A pulse motor 19 prov;ded on the support block 11
» o f'drives a pulley 20 through suitable speed reduction means,
. 20 '_' thereby drzving a belt 23 stretched parallel to the guide
- shaft 14 between ‘a pulley 21 provided coaxially with the
' pulley 20, and a tenszon pulley 22 provided on the support
- block 12.  The longitudinal slide 16 has a frame 24
to which the belt 23 is fixedly-secured, so that

25 rotating the pulse motor 19_elides the 1ongitudinal




~‘-,.I|de 16 in the | ongitudinal dlrectlon.along t he guide-shaft 14-and. QU|de
/ e 13. The longitudinal slide 16 in the present enbodirment' is ~ - .
Yructed as a frame to-lighten its weight as much 5:° as possibie. o/
J fically, two guide rails 2S,26 forned of shape steel are fixedly
\sechred to the frame 24 so as to lie in parallel with each other, and are ..

' erconnected by a connecting rod 27-at theé.ends thereof. 10 . ~ The i
guide rails 25 .26 are menbers which define guide surfaces of an upper! or
cross slide.” Agigkows im fEhe 13nglitadipaer diredeioaNaLbAgStHYi gaideocks
31, each block having a pair of guide‘rollers 29. The guide rails 25,26
are enbraced fshafzbdde anddguddewpdatehd3pair of "15 guide rollers 29.
Gui de bl ocks 31, are guided al ong _the upper surfaces of the guide rails
25.26 on the inwar ¥hei deagitudisal sAidgulécipl SbrRsPaesantcembpdimento

supported on vgrtlcal shafts 30a and.are proyided op a flgt table 28 whose
central portio shgongEIyced BﬁtatSréﬂeréﬂuéigﬁéPghPtsTﬂs ghFas preeks 31

Cabl 6 25 15 hoo8 PRSEERAR c SBRGLERCATAR, tuh GpATR Fan BR 281 4E éﬁ%‘%ﬂral s

25. 26. of shape steel are fixedly secured to the frame: 24 8O as.®

to lie in parallel with each other, and are = - .
‘interconnected by a connecting rod 27 at the ends
thereof. . . |
10 The guide rails 25,26 are ﬁembers whichbdefihe'guide
surfaces of an upper or cross slide. As Showh.in Fig.
3, the upper alida comprises guide blocks 31, eathblock _
having a pair of guide rollers 29. The guide rails
zs.za'are'embraced from above and below by the pair of
15 guide rollers 29. Guide blocks 31, até’guided-along the -
upper surfaces of the guide rails 25,26 on the inwarad
- sides thereof. The guide blocks 31 have rollers 30
supported on vertical shafts 30a .and are ptovided on a
flat table_zs_whose central portion has been cut out to -
20 reduceaﬁeight. The guide blocks 31, one p:ovided.at
each of the four corners of5the;tab1é:281-permi;”thgﬂ
table 28 to be slid transversely of. the: apparatus ‘along:
the gulde rails. 25, 26,
The guide shaft 14, :otatahly supported by the

25 support blocks 11.12 as mentioned above, is
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iThe gui de shaft 14, rotatably supported by the 25 support blocks 11,12 as
mentioned above, is rotated through a gear box 33 by a pul se notor 32
previ ded on-the support block 12. "One end of the guide shaft 147pe atrates’ -,
he gear box 33 and projects fromthe ﬁuter side thereof, 5 qgigging a
cam shaft 34. Tining canms 35 are | - mounted on the ca shigAt 34,
nd sensing neans 36 (proximty switches in this enbodi nent) are provided
0 produce timng signals upon sensing the timng cans.. 10 ' t The
of l ers 18 enbracing the gui de shaft 14 are provided on a rotary block 39
Vhich f or ms " areptatedfthrought aogear dooxi 33i by aepabkse smotox! which is
rotatably supported on the frane 24 by neans of bearings 37, 38, as shown’
fin Fig. S. T3sproreided i1on thersupporbl bleckol2i s Qugadnd of being '
sl id, al ong the guide shaft 14 in_ the manner descri'bed above_and rotates as
t he gui de sha®f therguidesshafhi k4 penetrates: the oFeadr bow 3dtary bl ock 39

t he upper slide.can be-slid by any suitable_neans. An enbodi nent of such an
Zarrangement 3ndREpjects from thé outer side thereof,

« 5 defining a cam shaft 34, Tiﬁing cams 35 are
. mouﬁted on the cam shafﬁ 34, aﬁd éensing means
36 (pro#imitylswitches in this embodiment) are
 provided.t6'produce timing signals upon sensing
the timing:cams.- - _ . _
10 f' The réilers_ls embracin§ the guiée shaft 14
- a#e p:ovided'én.a rdtary'bloqk 39 which forms a part
| of;a.rotation.trénsmission_mechanism énd whiéh is
rbtaﬁabiy supported on the frame 24 by mééns of
.*.-1_ ' :. _lhéa:ih§sv37;.%£; as shown in.Fié; 5. Thus the | |
15  rotary block 3 is capable of being slid along the guide
| ' éhaﬁt i4fin ﬁhg manner described above and rotates as the
.'.guidé-shaft 14 rota£es.“ Owing to such rotation of the
rotary biqck_39 the upper slide.can.be slid.by any suitable
v o héans;'fAn embodiment of_sﬁgh an_arrangément ié”shdwn_
20 in Figs. 6 and 7."in Figs. 6 anﬁ 7, idie pulleys 41,
' 4 are;prpvided at both ends of the table 28, and
wire cable 40.is_§assed aldng_thé lgwer-side of the
table 28'afte£ it is wound around and secured to the
rotary block 39 provided below the table 28. The
25 wire Eable 40 is passed over thé_idle pulleys 41, 41°'
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i+ 20 I n Flgs 6 and 7. In Figs. 6 .and 7 _|dIe pul leys 41, 41 are preylded
bot h ends of the table.28, and wire cable 40 is passed along the |ower. .
¥ of the table 28 after it.is wound around and secured.to the rotary . ~/
Btk 39 provided ‘below the table 28. The 25  wire cable 40 is passéed
over -the’idl e pulleys 41, 41 . B until it reaches the upper surface of :
“the table 28 where the ‘ends of the wire cable 40 are affixed thereto. VM|I§%*
any nethod may be used to affix the ends of8

h the enbodi hreaded 5 o the wire cable, in accordance’
wi th the enbodi nent.threade en tures 42,4 bl
inserted i nto PHtik dhte %%%G%&m’% gH&%a&P f’% t&ﬁr éagiswarelemggrse are

" attached to th end fd x;?%r %‘*4%}%%4- %lcéh,‘ rgrzédjax&tl;gpag ekg%ed into

pl ace by neans e purpose’o Justing the cable .

tension in singy @han t:{fiah d mhye b %h%hertoofaf%a&hth@' ends! bEythd. 41" is

slightly larger |ckness of the table 28. '‘and the center of each
pull ey is posikiigetaylel linadeardanee! kitnothehenboainentl thheatadl e 28
with respect to the thickness thereof (or. nore specifically; at a

5 end fixtnzes 42 42' for the wire cable are inserted into

a fixture plate 50 and ‘the ends of the wire eable 40 are'
attached to the end fixtures 42, 42' which are adjusted .
and locked into place by means of nuts 52 52‘ 54, 54' .
for the purpose of adJust1ng the cable tens1on 1n slmple
10 fashion. The diameter of each idle pulley 41,41’ is
slightly larger thaﬁ the thiekness of thentableazs. and
| the:center of each pulley is pesitioned oh a-line
passing through the center of the table 28 wzth :espect
to the thlckness thereof (or. more speciflcally. at a
15 position where the bend1ng forces acting upon the table.
| _ will neutralize one another). Owing to this |
a:rsngement.'the tension'applied'by the wire cable 40 is
converted into a coﬁpressive'force which acts along said
center line of the table 28, so that the table.za will
20 - not bend_asulogg¢as,it is not subjected to.a. heavy @
- weight. 1In practice the idle pulleys 41,41' need not be.. -
positiqnedewith”suchﬂprecision1*'Tﬁht'is,'ihe~ta$ie~28&-
will be bent very little by tension of ordinary’

magnitude if the center of each pulley 41;41' is



15 position Wher e the bending forces acting upon the table. will
neut.ral i.ze one anot her).. Oamng to this arrangenent, the tension appli ed by
t He'wire cabl e 40 is converted into a conpressive force which acts al ong

sald center line of the table 28. so thatqythe table 28 will 20 not bepd_as
Q?Ig as it is not subjected to a heavy wei'ght. In practice the idlzﬁ

pu eys 41,41' need. not be.. positioned with such precision. That e
table 28. will be bent very little by tension of ordinary magnitude if the

center of each pulley 41,41 is situated at a point between the upper .

and | ower sur feddeated ate & point Betweenotthia mppere apdi dowelraft 14 rot at es

t he bl ock, 39,. one :end of the wre cable 40 is taken up and one end is payed
of f. “The.t ablsuxZaadsuofc dhebdadlied al ong the guide rails 25, 26. In other

words, the table 28 i-s slid transversly when the wire_ cable 40 is_taken up

and payed out by the r&idce potating é’gﬁ aide ghafkaild retates: §§e

block 39, one end of the wire cable 40 is taken up

. 5 and one end is payed off. The table 28 thus can be
slid 'a'le.):n.g the guide rails 25, 26. In othér words,
the ta.ble 28 is sl:.d transversly when the wire cable
40 is taken up and payed out by the rotary block 39
as the gu:.de shaft 14 rotates.

@re




o C L M < . Atable apparatus haV|ng support blonks

!'\
. -and conp Si extendlng bet ween sai d support bl ocks; 5 .
;a NAN | ﬂ Ilimﬂm mlaxtendl ng between said support bl ocks, 4n ~
ffpar. L4 t a lower-slide slldably supported by sald gui de

1 wa fflsaJd gui de shaft, said |lower slide being longi'tudinally novable % .
f along said guide way and- sai d 10 -gui de shafity an upper. slide sI|dany i i
nounted on said | ower slide; drive neans for rotating said guide shaf't ; and

—a rotation transnlsS|on mechani sm engagi ng with said gui de shaft and

slidabl e theredf 835aid rotation 15 transnission nmechani sm bei ng
drivably connected to said, upper slide to nove said slide in a di rection
perpendi cular to an axis of said guide shaft in response to rotation of

sai d guide shafy, % radhiledphatiaitiis?havig: Suppoet! BlolksMahd i N which 20
said- | ower slide conprises a frame conposed of a pair of guide rails

ext endi ng per pesoiipeisging:0 an axis of said QUIde shaft, and a connecting
rod interconnected to said pair of guide rails at ends thereof, said pair
of qguide a guide ‘way extending between said suppott block3°
5 . a non—circular guide shaft extending between said
suppo:t blocks. 1n parallel to said guide way. : 2
a lower slide slidably supported by said guide way |
and said guide shaft. said lower glide being
longitudinally movable along said guide way and said
10 guide shaft: . |
an upper slide slidably mounted on said lower slide;
drive means for ;otating said guide-shaft: and
a :otation-transmiseion mechanism engaging with said
' guide shaft and slidable therealong. said rotation
15 transmission mechanism being drivably connected to said
upper elide to move said slide in a direction

perpendicular to an axis of said guide shaft in response

to rotation of said guide shaft.

Jeeaty

2. nntablewapparatue»according'toaclaimmlf in'whicuf !
zn-'said lower slide: comprises a: frame: composed of a- pair of:

guide rails extending perpendicular to an axis of  said

guide shaft, and a connecting_rod interconnected to said

pair of guide rails at ends thereof, said pai: of guide

rails constituting guide




i —_—

gai |l s constituting guide surfaces for said upper slide. 37— Atable
apparatus accordlng to claim2, in which said flat table
I‘yH‘ig above said | ower slide and havi ng gui de bﬂmmmu n”m” cor

$a|d fl-at table, said guide blocks cooperating mﬁthcsa4 mpasr

" §ails of said lower slide to pernmit nove nt of said flat table aI

urde rails. 4. A tabl e apparatus according to clains 1, 2 or 3

ich said rotation transm ssion nechanismconprises a wire cable and a!

;otary bl ock operatively,dis %ng on sal ui de shaft, said rotary block -
gncl udi ng neans® Qﬁ%ﬁﬁﬁ W t ‘ai d gui de shaft for noving said

-!omer slide al ag sai d qﬁgﬁ$agggF§§%§8w%"uraghgf 808§5§ﬁ'99 !hth sai d

totary bIock t.o Transm ‘t-o7sard FoWer slide

h t hat d I d
Dhe at sa gw de thaft 'S ro&ﬁ&%%ﬁ ¢ tdtlte gobeéi gw ©

shaft when sai sal dr|ve medns

fabl & appar at Uss A Flei) ST il Hav g Yuiad bIduHd Pr v si ng bel t
.neans extendlng bet ween

at corners of sazd flat table, sald guide blocks

g-, - . cooperating w1th.sa1d pair of gulde_ralls of said

.

lower slide to permit movement of-said flat table
* along said guide rails.
4. - A_table'appara.tus accordihg to' clains I, 2 or 3, in
which said rotation transmission mechanism comprises
'a wire cable and a rotary hlock.operatively disposed
~on said gulde shaft, said rotary block including means
engaglng with a surface of said gulde shaft for
moving_said lower slide along said guide shaft, said
" wire cable cooperating with said rotary block to
| transmlt rotation of said gulde shaft to said lower
- 1.' | slzde such that said lower sllde moves perpendlcular
| " to the axis of sald gu;de shaft when said guide shaft
-‘is rotatea by said drive means. _
.5._'7 A table apparatus accordlng to claims 1, 2, 3 or

-4, further comprlslng belt means extending between

Lol 8 L Y

said support blocks and connected\to said lower slide to
move said lower slide along the axis of sa1d gu1de shaft.
_6;” " A table apparatus accordlng to claim 4, further

| comprising idle pulleys prov1ded at both ends of sald




sald suppeLL_bLnnks and connected to said |lower slide to-nmove sal¥d | ower
siide ann the axis of said guide shaft. 6. A table apparatus o

/.>o|n her conprising idle pulleys provided at both end§a»
' l’ﬂ"ﬂlmmmnmtzh that a center o;_each_ of said idle pulleys is
I oned of alihe Yas'si ng through a ce t |

cable is tensioned at idle pulleys on both sides of said flat table. 7: -Asgﬁﬁﬁ
t abl e appar at us substantlally as herei nbef ore. described with referEnce '

to the acconpanying draw ngs.-
flat table, such that a center of each of said idle -

pulleys is posxtloned on a line passing through a -
center of said table and said wire cable is tensioned
at idle pulleys on both sides of said flat table.

7. A table apparatus substantlally as.: herelnbefore

. Py

descrlbed with reference to the accompanylng draw1ngs.' 4_

of- said table and said wire /™



