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20  spindle machine with sequential tool change type are, the number of activities involved

in tool change are more i.e. firstly tool which is present on spindle has to be loaded to -
tool magazine and then spindle retracts. Subsequently magazine of the machine indexes
* the required tool and then spindle goes and ;;icks up the tool. Due to the sequential
activities, the tool change time is relatively high which results in less productivity. In
25 order to match the productivity, the machines are required to install higher power
motors and hence there is an increase in cost of the machine and also operating

\

€Xpenses.

. STATEMENT.OF THE DISCLOSURE

30  Accordingly, the disclosure provides a multi axis column module (1) comprising a

support structure (2) of predetermined shape; at least one Automatic Tool Changer
[ATC] (3) consisting a tool magazine (4) ensconcing plurality of tools (5) mounted
onto the support structure (2), a drive unit (6) connected to said tool magazine (4), a

gripper arm (7) connected to the drive unit (6); and at least one RAM housing (8)

N



5 for gripping tool in the spindle (9) and tool magazine (4); de-clanping
tool (5) in the spindle (9); swapping of the tools (5) between the spindle
(9) and twe 2boal21mmgazi ne (4); clanping the tool (5) inptchanspinese (9);
and positioning the gripper arm(7) t@ hom ng position, and al so provides
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15 following description and appended claims, taken in conjunction with the

accompanying drawings. Understanding that these drawings depict only several
embodiments in accordance with the disclosure and are, therefore, not to be considered
limiting of its scope, the disclosure will be described with additional specificity and

detail through use of the accompanying drawings.

20
FIG. 1 shows column module machine with turret according to prior art,

'FIG. 2 shows column module machine with sequential tool change mechanism
according to prior art, -
FIG. 3a shows Automatic Tool Changer (ATC) according to the disclosure,

25 FIG. 3b shows Tool Magazine according to the disclosure,
FIG. 3¢ shows Drive Unit according to the disclosure,
FIG. 3d shows Gripper Arm according to fhe disclosure,
FIG. 4 shows RAM housing according to the disclosure, ‘
FIG. 5a shows perspective view multi axis column module with single RAM housing -
30 and single ATC according to the disclosure,

FIG. 5b shows other perspective view multi axis column module with single RAM
housing and single ATC according to the disclosure, [Application example of multi

axis column module (D]



FI G 6b shows other perspective view nulti axis colum nodule with single
RAM housi ng and doubl e ATC according to the disclosure, [Application

exanpl e olormuitd21asi s col utm nodule (1)]. FIG 7a showsppenspachiose vi ew of
multi axis colum nodul e with doubl e BAM housi ng and doubl e ATC accordi ng
to the disclosure, FIG 7b shows other perspective view of nulti axis
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15  of double column configuration in which column modules are opposite to each other

according to the disclosure,
FIGS 11a and 11b shows perspéctive and top viéws of the multi axis column modules
of double éolumnconﬁguration in which column modules are adjacent to each other
according to the disclosure,

20 FIGS 12a and 12b‘shows perspective and tc;p views of the multi axis column modules
of double column configuration in which column modules are at an angle to each other
according to the disclosure, and |
FIGS 13a and 13b shows perspe/ctive‘ and top views of the multi axis column modules

of multiple column configurations according to the disclosure.

25
DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying drawings,

which form a part hereof..In the drawings, éimilar symbols typically identify similar
components, tihless’context dictates otherwise. The illustrative embodiments described
30 in the detailed description and drawings are not meant to be limiting. Ot(her
embodiments may be utilized, and other changes may be made, without departing fron;
the spirit or scope of the subject matter presented herein. It will be readily understood

,that the aspécts of the present disclosure, as generally described herein, and illustrated



WO 2011/ 021215PCT/ 1N2010/ 000522 4 in the figures, can be arranged,
substituted, conbined, and designed in a wide variety of different

confi gur avoeos/02@dis of which are explicitly contenpl at esdcansomok@®smpart of
this disclosure. 5 This disclosure isgrawn inter alia to a nmulti axis
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15

In still another embodiment of the disclosure the support structure (2) is rectangular in

shape provided with guide elements (2a) for movement of the RAM housing (8).-

- In yet aﬁother embodiment of the disclosure the tool magazine (4) comprises plurality

20  of'tool pockets (4a) ranging from 12 to 24 for ensconcing the tools (5).

In yet another embodiment of the disclosure the gripper arm (7) has at least one gripper
at ends of the gripper arm (7) for clamping the tools (5) during swapping in between the
tool magazine (4) and the spindle (9).

25

In yet another embodiment of the disclosure the ram housing (8) is driven to move

using a ball screw mechanism.

In yet another embodiment of the disclosure the spindle (9) is driveﬁ by a drive
"30 mechanism (8a) fixed at rear end of the RAM housing (8).

In yet another embodiment of the disclosure the column module (1) is optionally

provided with two Spindles in a Single RAM housing (8) driven by drive mechanism.



WO 2011/ 021215PCT/ 1N2010/ 000522 5 I n yet another enbodi nent of the

di scl osure the columm nodule (1) is optionally provided with two RAM

housi ngs Wwe)eodri2zvas i ndependent|y by drive mechani sm wererTaNmiea@i22Ram
housi ng (8) has one independent spindl® (9). 5 In yet another enbodi nent of
the disclosure a nulti station machine conprising plurality of nulti axis
col um ddp.a . n ot her
embod e 15 pienFalodEHER or BeMRGHEE T DRI ) BapRhad
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nodul e 10at an mai n, enbodi nent of the disclosure provides
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b eder Byl niBhe AN R BRIRAET: ARNCLLAG Yo SRRl

magazi ne ;(lu&)lhtydﬁ‘amllammsmglurmoinod&l):s (I cohfegapd nrﬁpre(i&)n:mmwmanm of the
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tool (5) |n t he spind|e > and positioning the gripper arm (7). _to hom.ng
posi ti on.In y?eanwiere?ma%m@eﬁ ob thsodiselasiire dhe i @xiscqobynn anqdwdes(l) gger arm

(7) is r%%ﬂﬁ?ﬂe& @o &o&ﬁ@c&lﬁnﬁ%@d&l@%ﬁlﬁ%&wﬁzﬁ mumg% . (4) and

the spin mai n enbodi nEnt of t osure provi s for a
met hd€@ ofat as seglbl i ng a multi axis colum nodul e (1), sai d nethod conpri sing
acts of connecting at |east one 25 Automatic Tool Changer [ATC] (3) to a
support structure (2); nd nmoynting at |east one RAM hqusing (8) having a
spi ndl e (@)e IpredainEm BPefttl‘P q&fb pRurg proyedes fr g mthod 1pf swpRiRg fanls

enbodi menj a%ulhnﬁ‘(léjéoﬁﬁr'nﬂ %cﬁllé hﬁgg%lamgd BRI Sleszﬁ? ni¥toddonkprield e ts
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magazine (4); de-clamping tool (5) in the spindle (9); swapping of the tools (5) between

the spindle (9) and the tool magazine (4); clamping the tool (5) in the spindle (9); and

positioning the gripper arm (7) to homing position..

20  In yet another embodiment of the disclosure the gripper arm (7) is rotated to about 180°
to swap the tools (5) from the magazine (4) and the spindle (9).

Another main embodiment of the disclosure provides for a method of assembling'a.
‘multi axis column module (1), said method comprising acts of connecting at least one

25  Automatic Tool Changer [ATCj '(3) to a support structure (2); and mounting at leasi
one RAM housing (8) having a spindle (9) at center over the support structure (2).

In yet another embodiment of the disclosure the method comprise an act of placing
plurality of multi axis column modules (1) with reference to a fixture (10) to configure
30  column module selected from a group comprising single column module, double

column module, multi column module and column module at an angle.

FIG. 3a illustrates Automatic Tool Changer (ATC) according to the disclosure. The
ATC is used in CNC machine tool consists of a tool magazine (4) which stores the tools

35  (5), drive unit (6) for indexing the tool magazine (4) and a double gripper arm (7).



FIG 3a illustrates Automatic Tool Changer (ATC) according to the

di scl osure. The ATC is used in CNC nmachine tool consists of a tool nmgazi ne
(4) whi chwetworieriziie tools 35(5), drive unit (6) for i neexiiNgit/h@s2ool
magazi ne (4) and a double gripper armg7). WD 2011/021215PCT/ 1N2010/ 000522
6 FIG 3b illustrates Tool Magazine (4) according to the disclosure. The

t ool nmgazine (4) ensconces the plurality of various kinds of tools (5) for
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di scl osursevapiﬂngogenappmr arm (7) has at |l east one gripper at its ends to
hol d/ cl amp the tools (5) during tool changing. The grippers are al so used
to de-clanp the tools during the tool swapping operation. 15 FIG 4
|IIustrath? RaMIsEates é)r(‘@) Unitc oﬁ%@rdmg th dheydiselosurgr J heTdéverianit Hsi ng

(8) is a t | ng

| i near m)tt%n(k)%hggﬂl Bh toqhggﬁl?%{?lrhougﬁgférqgﬁa%ng\%gs‘g{l% %gﬁ%?tﬁoelg% ac;}}alsi éthr ough
bal | .18cr ehcmdﬂ(émusbnma&mh&mdlmmgaung(éb)lasdspmdbe(g) offitbe spichidke (9) of the
machi ne which is used to rotate the 20 tool during machining operations.

FI GS. 5a b illustrates perspective vie It| Xi s, col umm dule with
single agslmga B PTiBREF AfTR G Rcsardingdp e disriaruig Ths aripporAmLITa0as o. | (
consi st s Qfie.3f B ?ﬂé&%l@ dnd} & BBRTESD X fdo¥S(STR/IBAR 158 dHBAging PTRE €r ably

not or nount ed on
* grippers are also used to de-clamp the tools (5) during the tool swapping operation.

15 v :
FIG. 4 illustrates RAM housing (8) according to the disclosure. The RAM housing (8)

is a sliding unit closely guided to achieve the defined axis using linear motion guides.
, The RAM housmg (8) moves along defined axis through ball screw mechamsm The
RAM housing also houses the spindle (9) of the machine which i is used to rotate the

20  tool during machmmg operations.

FIGS. 5a and 5b illustrates Iperspective views multi axis column module with single
RAM housing (8) and single ATC (3) accbrding to the disclosure. It consists of single
spindle (9) powered by drive mechanism (8a), preferably motor mountedv on the RAM
25 housing (8) and double gripper arm (7) type ATC (3) mounted on the top of the multi
axis column module (1). All the fnoving slides are mounted on the fixed to supporting
structure (2) on top of this double gripper arm type ATC (3) is mounted. Whenever the
tool change command is provided the spindle (9) comes out of working zone i.e. to tool
“change position and ATC (3) chariges the required tool. The spindle (9) comes back to
30 next operation. The column module (1) is configured to build different purpose

machines to machine various components.

FIGS. 6a and 6b illustrafes perspective views of multi axis column module with

single RAM housing and double ATC according to the disclésure. It consists of



25 housing (8) and double gripper arm(7) type ATC (3) nounted on the top
of the multi axis colum nodule (1). Al the noving slides are nounted on
t he fi xedwOaosuppnsti ng structure (2) on top of this dombiraNngni/pwsz2 arm
type ATC (3) is nmounted. Wienever the tool change conmand is provided the
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machi nes the commionrfeed af the USA MDRRGIRNSS.. TwiVA RCsL (3) Q2d baked/ohNRO 168 000522 7
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magazi ne (4), de’ -clanping to _in the spi e ,...pu ut. tools
(5) fr ot P @) CEReoR Oﬁa@%}% gonepe. (& gk Cigbipbsight abéggf;&«%ré_z 7),
rotappng c@l&?é%‘s@hegfehﬁili’&{ to8[ (9\)3.(”17801 cRar¥R tARY 'p?ac@"s’f?x&ﬁltaia@&lsﬁﬁﬁ{detﬁén spidei ng the
changed tool's (5) into the 30 spindl"e and nmagazi-ne (4) "by using the double
gri pper dPhr¢my backl tpaeki MitMm@pcmomﬁm gogplep@ens apnfigurgd to pwld
2011/ 0212 PCT{ 1N 010/,[0005%2 8 ne confol?%Lé{r at(*‘on obt altned in.multi axis .
col um ey ARG @ SO 2B PORHES BB FIYUFRY T dn can have
stationary fixture (10) or rotary table or x-axis on job or with axis on
bot h col ymw. 8nfustRiestromt ik Bt 3501 SwaPpiAE ihechBhiiMcBAdingOtd. the disclosure.

25  The swapping mechanism comprises steps of moving/positioning machine tool spindle

-(9) to tool change position, clamping double gripper arm (7) to the tools between

- spindle (9) and magazine (4), de-clamping tool (5) in the spindle (9), pulling out tools

-\ (5) from the spindle (9) and magazine (4) using double gripper arm (7), rotating double

gripper arm (7) to an angle about 180 degrees, pushing the changed tools (5) into the

30  spindle and magazine (4) by using the double gripper arm (7) and parking/homing the
double gripper arm (7). )

FIG. 9 illustrates chart providirig various configurations of multi axis column module

according to the disclosure.



5 Anot her configuration obtained in nulti axis colum nodule is twin

spi ndl e col um nodul e. The configuration can have rotatable table or with
X-axi s orwpabii/amasher configuration obtained in nulti akraNnzab/oeeznodul e

i s doubl e colum nodule. 10 The nodul 6 conprises two single spindl e nodul es
faci ng/ opposite to each other or nodul es placed adjacent to each other or
the nodul es at an angl e of about 120 degrees. Anot her configuration

obt ai ned 4 ' j [ ' ule
corpr 1 sesth irkesbh 3o fied T8 RS doflultisblaaleh HipITRAE madlR FREV C
15 w th roohfigyratieibcan havevdtitioranyofiseis (10) of ebtaneableasd ¥gxBamhjobtdiavith Anot her
configuration obtained in.nmulti,  axis, colum dul e i;s sw veling colum. The
swi vel i nd*Eobath coliin and ooy Z?ﬁ‘ﬁlsr‘li’tbo{’rﬂyc‘iﬁoa’é‘lnéﬂndﬁ-me t echnol ogy of the
instagt disclosure is further el aborated with the help of follow ng

exanpl es. V. : | o : re . ] scope
of the i n%o%ﬁﬁ%ﬁgféﬁ%m@?ﬁ@ﬁ %ggglﬁgﬁ 1‘8]§H;l§lhlg§%1r&a?pedsmg1§%ﬂs%g§ti ve
and top uhedwde.dthetchafignrhtion cnilmve odtatable nalde bewith ix-akisidn pbcol urm
configuration in which colum nodul es are opposite to each other according
to the disclosure, The configuration i.s double col um nppdul e. The nodul e
conpri seARARTSORGEHALN) waw@e&ahmplésmaewlh@pdﬁ%%? tsedoubleccolympmedple. The
nodulig € (o} j : ; ' [ =" axis
100 16y *yhecRBaak ke WD SO LoifE MBI Helnglolp A Back offer 87| 2
per col umimodniehiplaced Bdmogritao 2ach otldr@Stikelrmoduies dt anfanglelafabowt 1@ degreepect i ve
and top views of the nulti, axis colum nodul es of doubl e col um
configuration in i ch col um nodul es are_ adj acen} to each_ 350t her

accor di n\iSherirentigwalion gptained g MU Axig Aot modyleds mpld cobimmmotBlgul e. The
VO 20117 Okaadid cdhiE0AaRds &t ST GOBRNI AR AR stBAP iRRALE ©

nodul es pl aced side by side to ea her. The nodul e can operate at
di st dhceswidf rot@9 tahle omwah kwe beteef eolemns facmg each athes 400 nm  y-axi s 400 mm
z- axis 400 nm The ATC (3) conprises 20 tools per colum nodule. 5 Exanple

3: FIGS 12a and 12b il.lustrates perspective and.top vige of the lti axis
col urm m%«m@g caflle&*efa%%olatannaﬁw b E)ga calmsmodulERs BHVERRE FRIUHBA RS ar e
swi vel ed dupvélRgRoRIEEorRERs Eb10Gntdn bhigy AbRe! osure. The configuration is
doubl e col um nodul e. The nodul e conprises two single spindle nodules at an

angl e. of about 120 degrees to
20 The technology of the instant disclosure is further elaborated with the help of

following examples. However, the examples should not be construed to limit the

scope of the invention.

Example 1:

25 FIGS. 10a and 10b illustrates perspective and top views of the multi axis column
modules of double column configuration in which column modules are opposite to each
other according to the disclosure. The configuration is double column module. The
module comprises two single spindle modules facing/opposite to each other. The
module can operate at distances of 400 mm in all three axes; i.e. x- axis 400 mm, y-

30  axis 400 mm, z- axis 400 mm. The ATC (3) comprises 20 tools per column module.

Exﬁmple 2:
FIGS 11a and 11b illustrates perspective and top views of the multi. axis column
modules of double column configuration in which column modules are adjacent to each -

35  other according to the disclosure. The configuration is double column module. The



10 each other. The nodul e can operate at di stances of 400 mmin all three
axes, i.e. x- axis 400 mm y- axis 400 mm z- axis 400 nm The ATC (3)
conpri seswB@otiomimsper col umm nodul e. Exanpl e 4: 15 Fl GBCI8x20a0vdooiRb
illustrates perspective and top views9f the multi axis colum nodul es of
mul ti ple columm confi.gurations according to the disclosure. The col um

nodul e | “gq_ﬂﬁ! i at 90
degrees to eachmﬁ%%rngt ?a?lﬁglﬁarﬁél)&{lé%%?éed %E‘T gg% eesdc%o # Wo sets
of col umsodule targopaath adidiseancés=of400L 8im) in Ihehmduése iear- apern00 enaf y-
di stances of 400 nm | n | three 20 axis 400 nm, y- axis 400
mm z- a&¥ 429@ %je‘ é@ﬁ&f) §%‘§P§§F5t2t9c}P%‘S Ber CRYPY P ul e.

Advant ages: More product|V|ty due to two spindles working at a tine,

si mul sanggus Hiopl change takes for both the spindles with the help of

doubl e gripper armtype ATC, 25 tool change tinme of .other spindle is nmasked
i . e. overHIGEpE and H2bhilustratsst perpactive and ctop itasgé the meultiharss salveth i s used

for increas roducti vit re .uti on of t machi.n he fl oor
space | s THet! TRIBIE 5ol sqnfieulioR; Hgnbieholih S AP GRS or 1 o
machi nes,caglP 8t atsordib b NHe distiodtee The cbﬁﬂghﬁﬁﬁ'oxﬁmjdélﬁﬂél%luﬁﬂl inddarddi ti onal
capital Investnent. 30 Using two spindles and two double gripper armtype

ATC conf ﬂaﬁrrmdt@m cmmﬁeé twpsglecspindle }nqdyle@]@abm englﬁ of abows 120 alegieesto
conpgpent.g ph s, ecano%gl%k t%“& ces“XFf;;C | in 4t i@ &0 jkages;of the

conponents are nac |ne i N S|ng nes are eaS|Iy con |gured
and bui | 1400hm gy dxés400Cihd) anaxivndoo ﬁﬁn.alslepferCr(E}:num;ﬁmemowuhper column
W)2011/021215PCT/ | N2010/ 000522 10 Integrated into the production |ine.

Fl exi bi | i"@‘gfi“éﬁ’nd easy to configure the nmodule in to nmulti-station machine
are al so achieved for machi ning of various conponents and operations. 5
Ref erral FNAH?) S 1: multi axis colum nodule, 2: support structure, 2a:
gui de el enen ‘3: Automatic Tool Changer, 10 4: Tool Magazine, , 4a: Tool
Pockébs, FIGS 13a and 13b illustrates perspective and top views of the multi axis column

modules of multiple column configurations according to the disclosure. The column
module is multi column module. The configuration comprises 3 columns at 90 degrees
to each other with stationary fixture (FIG. 13a) and with two sets of columns facing
each other (FIG. 13b). The quule can operate at distances of 400 mm in all three axes,
20  i.e. x- axis 400 mm, y- axis 400 mm, z- axis 400 mm. The ATC (3) comprises 20 tools

per column module.

Advantages: More productivity due to two spindles working at a time, simultaneous
tool change takes for both the spindles with the help of double gripper arm type ATC,
25  tool change time of other spindle is masked i.e. overlapped with the first spindle, tool |
change time thus saved is used for increasing the productivity, more utilization of the
machine, the floor space is reduced due to two spindle single machine producing output
of two machines, operators walking distance is reduced and reduction in additional

capital Investment.

30 _ '
Using two spindles and two double gripper arm type ATC configuration module,

productivity is doubled for the identical components with the minimum addiﬁonal
investment. Different faces of the components are machined-in a single setup. Machines

are easily configured and built using these column modules as per requirement and



5: Tools," 6: Drive Unit, 7: Gipper Arm 15 8: RAM Housing, 8a: drive
mechani sm 9: Spindle in the RAM housing, and 10: Fixture. 20Wth respect
to the uswoabrigzbmsanti ally any plural and/or singular rerns2nen@sze, those
having skill in the art can translatelbromthe plural to the singular
and/or fromthe singular to the plural as is appropriate to the context

and/or a ' ' ' Si : ]{ﬁ%nﬁ% it]%nr% .

expr essl 9%%@%0@&#%&? 8?1?]&%0%;{%153}2%9?# Hté/{ag{rd :J{asi’ tcggét beogﬁéel}r?g? ood hy
t hose wi trhilti-stiteonamachihatare iatsogarhéavad , fot enavhiniine of harieis compdnentpend al |y i n
t he appended clains (e.g., bodies of the appended clains) are generally

i nt ended WE™9BEN" terns (e.g., the term "including" should be interpreted
as "including but not limted to," the term"having"” should be interpreted
as "havi NBerelralG@sdrals the term "includes” should be interpreted as
"includes but 1s not limted to," etc.). It will be 30 further understood
by those Minutinxisivelummnt mpthade, i f a specific nunber of an introduced claim
recitation Is intended, such an intent will be explicitly recited in the
claim arfd SPRPYHEUSBEEnce of such recitation no such intent is present. For
exanpl e, ZSgdaide dletheh under standing, the foll ow ng appended cl ai ms may

contain usage of the introductory WO 2011/021215PCT/ 1N2010/ 000522
-3: Automatic Tool Changer, '

10 4: Too] Magazine,
,4a: Tool Pockets, \
5: Tools,’
6: Drive Unit,
7: Gripper Arm,
15  8: RAM Housing,
8a: drivcj. meqhanism,
~ 9: Spindle in the RAM housing, and
10: Fixture.

20 With respect to the use of substantially any plural and/or singular terms herein, those
having skill in the art can translate from the plural to the singular and/or from the
singular to the plural as is appropriate to the context and/or application. The various

singular/plural permutations may be expressly set forth herein for sake of clarity.

25 It will be 'understooc'l by those within the art that, in general, terms used herein, and
especiall)'l in the appended. claims (e.g., bodies of the appended claims) aré generally
intended as "open" terms (e.g., the term "including” should be interpreted as "including
but not limited to," the term "having" should be interpreted as "having at least," the
term "includes" should be interpreted as "includes but ié not limited to," etc.). It will be

"30 further understood by those within the art that if a specific number of an introduced
claim recitation is ihtended, such an intent will be explicitly recited in the claim, and in
the absence of such recitation no such intent is present. For example, 'as an aid to

understanding, the following appended claims may contain usage of the introductory



11 phrases "at | east one" and "one or nore" to introduce claimrecitations.
However, the use of such phrases should not be construed to inply that the
i nt roductworroofo2a21sl ai mreci tati on by the indefinite artcehsmib/adoszy "an"

limts any particular claimcontainingisuch introduced claimrecitation to
i nventions containing only one such recitation, even 5 when the sane claim

i ncl udes t " ct or hrases "on
i ndefini th é'?%sf% i %:tl lg%slﬂsuchx%dsj Qng. of more ?g 1rctrorgl)1ce clalm rec%i}lons ﬁ-foweveﬁ tﬁl(? d

typi cal | yusb@fistéte pirasdsesfiotiid ﬁmebe coﬁﬁtrdedastm@[}eihat)the iafedwtioAwra’ glaint he sane
holds true for the use of definite articles used to .introduce claim
reci t at i Jr&itation bygthetndsfinite\asticles "y apewy limithamppartiswlan plajm coB@inieg cl ai m

recitati %clhﬁu@aeéidca&wremmg ’1n\; Sfs é&fﬁAl ggg rlaSsueh feckBt éem leben

recogni ze that such recitation sho typi ca Interpreted to nean at
| east 5t hewhencthe saine ulaiein¢ledey. the tﬂmdb@toa pl&ases donoor mbre"tond at keasttoat? ons, "

wi t hout ot fi call y mean . ,east two, recitati.o or tivo
or more |‘P§‘%}D”d 3"? lﬁﬁus‘t‘%g?%‘?e L @seai lon 88 \ﬁm‘i a@ﬁ'vlé‘htl on
anal ogousnfefpreted td BRaH "AMNEas® bné* orBond BF nfere'S! the ‘sarh® hURIS Sue ifBr BERSE af such a
construction is intended in the sense one haV|ng skill in the art 15 would

under st arf¢finite actiglesensadote {ngroduce clalrsygmqﬁnonavulmgdémon,ea\sqn dne spicific B, and

vaouldln t I|m ta_ s a al on B, al one,
C al one, e}"%gag 1nté?<ﬁuc§:(? % El%%ton s eﬁ 101 5 Cﬁ]lf) Se@*lue(i m ﬁ’ie cﬁrE) r A B,
and ot ogeilllheéogxﬁezet:th)m sdch réchcaslen lsn@dlartgz;ﬁsamhw Blte&ptéwalv@nhmﬂatal@ajmg@us to
"at | east one of nera such a construction

is int endéﬂtqdrfl%r 5(%-55 éheoh%re Hamaﬁ@n §1€ |"Fw0 F‘?Fltﬁﬂ%n r Withent,gShgrgmedifieisst and
the Convqg}% bﬂ!},t ﬁrﬁgﬂﬁ at le@stsﬁﬁ)t Fe@tﬁ?o\ﬁ's ngr bﬁar?btre @ aﬁgnﬁ‘ %@tﬁe%org, gy\g ul d

i nclude b Iimted to systens that have A al one one, | one,
A and B tthggetihstanced\ vdred: Ecbm@atlhmanalagcamdo(tat legettdnerof AarBi/md @, et8' imnd C

t oget her be further rst odb tho V\nthnthe art that
LT s st teh el tign g BOTRH 3 B gkl in

al t enmat iwsud %h&&staﬁ\dﬂﬁieh&fnvbﬂldnh@ HeqCeyisibd Hz!i\ﬁm% a@féaﬁ'o% BE-A, CE zQ{da(‘lV' ngs,
shoul d be understood to contenplate thé possibilities of including. one of

the ter rrLWOléd triedydedfut nptebet lami tomys@msﬁhatéxamA FHone, &@lmpﬁ & alohe Aphmdase "
or B" wld  be,.und t i oss |es "
or (B W (REAPIEER! RO Ll BLUPE LIS ROSIIL B £ Olordic ot Bl or A

ot her aspR6seSinstaibes Qvimd @ Bofwdiition Winkloghes ﬁapmrl@tat oﬁ@of IAQSB% dikd, dted ig n t he
art. The vari.ous aspects and enbodi.nents di scl osed herein are for pur poses

of i1 ustusedsiipgensral ich aronstrygtionds intensled dn (thenepsagne hgving shill in theears cope
and iri Oh "
20117 212‘%‘%‘@%@?\#&‘8%?8%8‘%&‘%&1‘%{1&5 ol f%%%l?}sy\g?ﬁ & &siBind Fodul e
(1) conprwaildinclhale tat aut;ipmlnmltsd tousystens thdt)havé Apalente Bealone) €talshgpeand. at
| east one, Aut 0 sistin t oql gazi ne
(4) enscdhlqss ebl%l"’&; (&P&S? %Ia%‘[l @Sogﬁé‘ﬁgataé% Eﬂ ‘g‘@ éﬁﬁﬁ?ﬁ?“f e¢)- Tt ure
(2), . will be further understood by those within the art that v1rtually any dlSjunCthC word

and/or phrase presenting two or more alternative terms, whether in the descrlptlon :

* 25 claims, or drawings, should be understood to contemplate the possibilities of 1nclud1ng :
one of the terms, either of the terms, or both terms. For example, the phrase "A or B"

will be understood to include the possibilities of "A" or "B" or "A and B." -

While various aspects and embodiments have been disclosed herein, other aspects and
30 embodiments will be apparent to those skilled in the art. The various aspects and
embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the true scope and spirit being indicated by the following.claims.



ii. adrive unit (6) connected to said tool magazine (4), iii. a gripper
arm(7) connected to the drive unit (6); and c. at |l east one RAM
housi ng (W8P 2haviznysat | east one spindle (9) at center amdTiiN201@n@szt ed over
the support structure (2). 2. The nmul §h axis colum nodule (1) as clained
in claiml, wherein the support structure (2) is rectangular in shape

provi ded N\g,:tpg!:_n de elenents (2a) for novenent of the RAM housing (8). 15
3. The M S 0ol utm nodul e (1) as Cained in claim1, wherein the tool
magazi ne [(4A meRRExiS&Iuith Wodule (1) @émﬁrﬁgﬁg;pockets (4a) ranging from1l2 to 24
for ensconcing the tools (5%. 20 4. The multi axis colum nodule (1) as
claimed in &l & wpport giveqteter( 2} oferedatgrpunedathapg;7) has at | east one gripper at

ends of the,grj] r . j (5) during swapping in
bet neen ¢ o't abfast oAb PholREBIATCIT) fihubg) "9 AR I LR
col umd nodul e i( 1) tasl flagazive (4)Nemdcanding plwBktyedh tédie ($)amohntedi oigo 2bd 8) i S
dri'ven to nove using a ball screw nmechanism 6. The multi axis colum
modul e (1) as cl SHAPRE SHHCre(2h 1, wherein the spindle (9) is driven by a-
drive nmechani L ’ ousing (8)., 30 7. The
multi axis colslg]rr%gﬁ%%&?%a?f?h%%?ﬂtg?%gﬁélnlﬁc aﬁr%ly%j,’] wherein the col um
modul e (1) i s idpaguppdriaym(7 pedndectedia the dvive spit (@t @l i n one RAM housi ng (8)
driven by drive nechanij WO 2 021215PCT/ 1N2010{,000522 13 by drive
rechani o il AR B3 RO HOHIAS RGN AL Aolcadh e SRIBE AR coBsr A& ( 9y

9. Algulti st ghofed'EueR tHESUp Efrgdoitg (@) ural ity of nulti axis colum

nodul es (1) as 5clainmed in claiml configured in a predeterm ned manner.
10. The multi station nmachine as clained in claim9, wherein said nulti
axi s col dmThoadwlitsaxis] polamm modblegl) ed dainfedrim cloimp|le whereimthesdppat nul t i

¢ol um rmdu'st?uc%g & ll%npec%%{ilfme i%t sl%lrf)e an%'deed 19vith guide elements (2a) for

movement of the RAM housing (8).
15

3. The multi axis column module (1) as ¢laimed in claim 1, wherein the tool magazine
(4) comprises plurality of tool pockets (4a) ranging from 12 to 24 for ensconcing
the tools (5).

20 4. The multi axis column module (1) as claimed in claim 1, wherein the gripper arm
(7) has at least one gripper at ends of the gripper arm (7) for clamping the tools (5)

during swapping in between the tool magazine (4) and the spindle (9).,

5. The multi axis column module (1) as claimed in claim 1, wherein the ram housing

25 (8) is driven to move using a ball screw mechanism.

6. The multi axis column module (1) as claimed in claim 1, wherein the spindle (9) is

driven by a drive mechanism (8a) fixed at rear end of the RAM housing (8).,

30 7. The multi axis column module (1) as claimed in claim 1, wherein the column
module (1) is optionally provided with two spindles in one RAM housing (8) driven -

by drive mechanism. * .-

8. The multi axis column module (1) as 'claimed in claim 1, wherein the column

35 module (1) is optionally provided with two RAM housings (8) driven independently



11. A nethod of swapping tools in a nmulti axis colum nodule (1) as clained
in claiml, said nmethod conprising acts of: a. positioning RAM
housi ng (WP 2eitrd21Asspi ndl e (9) to tool change position; PCT/IN2010/0d®52x ot at i ng
gripper arm(7) to a predeterm ned angge for gripping tool (5) in the
15spindle (9) and tool nagazine (4); c. de-clamping the tool (5) in
the spindl ey, p. ( I ndl e
(9) and the }g }we mechamsm ?JH?X‘% Qicﬂq{a(?lfl h%ﬂﬁp%ﬁ% Ras\alte 19?%8{}!{)5931&@ |
spi ndl e (9)¢Dand . positioning the grlpper arm (7) to hom ng
position. 20 12. The nethod as claimed in claim1l, wherein the gripper arm
(7) is r ot at ed to about 180 to swap the tools (5 fromthe na?a2|ne (4) and
the spi nd eA(mylti station machine epmprising plugaliy ob muly axispolumn modyles §1u#n nodul e
(1), |d S ng at |east one Autonatic
Tool anggaa?%%éfggg§]wkﬁﬁgéégg%gpg%FFﬁ%uﬁge % and b. mounting at .| east
one RAM housing (8) having a spindle (9) at center over the support
?g ; uct ur 40( Bhe it Mtlof{ :ﬁﬁlcﬁiia‘é fa@d:lﬁr(:hedhﬁicmd 9, n;vlﬁﬂrahrﬁaiﬂfmulmhe;?@ icﬁlulﬁﬁi ? f\TC
conprises: a. a tool pmgazin 4) enscanci ng ura |ty of tooJs (5
mount ed ont Bogwes §LAse confagured fq, %uble bolwandmcﬁ%e JRRKE qobyme sl ed t o

sai d tool nROAZIRN hibdule®RY9n angle.
10 |

11. A method of swapping tools in a multi axis column module (1) as claimed in claim
1, said method comprising acts of: _
a. positioning RAM housing (8) with a spindle (9) to tool change position;
b. rotating gripper arm (7) to a predetermiﬁed angle for gripping tool (5) in the
15 A spindle (9) and tool magazine (4);
de-clamping the tool (5) in the spindle (9);

o o

swapping of the tools (5) between the spindle (9) and the tool magazine (4);.

o

clamping the tool (5) in the spindle (9); and

lwr]

positioning the gripper arm (7) to homing position.
20
12. The method as claimed in claim 11, wherein the gripper arm (7) is rotated to about

180° to swap the tools (5) from the magazine (4) and the spindle (9).

13. A method of assembling a multi axis-column module (1), said method comprising
25 acts of:
a. connecting at least one Automatic Tool Changer [ATC] (3) to a support -
structure (2); and
b. mourting at least one RAM housing (8) having a spindle (9) at center over the
support structure (2). | |
30 |
14. The method as claimed in claim 13, wherein said ATC (3) comprises:
" a. atool magazine (4) ensconcing plurglity of tools (5) mounted onto the support
structure (2), '

~b. adrive unit (6) connected to said tool magazine (4), and



WO 2011/ 021215PCT/ 1 N2010/ 000522 14 c. a gripper arm(7) connected to the
drive unit (6). 15. The nethod as clained in claim13, wherein said nethod
conpri se wo 2aoit020f15pl aci ng plurality of nulti axis col umoTmeziub/e®st2l) with
reference to a fixture (10) to 5confi ggire col um nodul e selected froma
group conprising single colum nodul e, double colum nodule, nmulti col um

modul e and. ol aPs] €) 8bniftdted9 i drive unit (6).

15. The method as claimed in claim 13, wherein said method comprise an act of placing
plurality of multi axis column modules (1) with reference to a fixture (10) to
5 . configure column module selected from a group comprising single column module,

double column module, multi column module and column module at an angle.



