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The present inventlon refers to an automatically operable manu-
facturing plant, comprising a plurality of machining cells, a
management system for work pieces including storage appliances,
transporting applianées and handling appliances, and a data
handling. and exchange system adapted to control the manufactur-
ihg plant.
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Particularly, the present invention refers to an automatically ”‘
operable manufacturing plant, comprising numerically controlled
machining tools, control units each individually asSigned to
the machining tools, tools for the complete machining of work '
pieces, magazines for Storing the tools and work pieces, han-

~ dling apﬁaratuses assigned to the machining tools for feeding
work pieces to the machining tools and for exchanglng the tools
of the machlnlng tools, and at least one measurlng station
adapted to preal;gn the work pieces and tools, respectively,
and to examine the condition of the work pieces and tools, re-
spectively. '

Such manufacturing plants are known with all the components
typical for such plants, for example from the patent documents
Nr. EP-A2-0 364 138 and Nr. DE-A1-37 20 157, in which also dif-
ferent solutiqns for the control of the manufacturing process '
are indicated. '

In the manufacturing plant according to the patent document Nr.
EP-A2-0 364 138, there is provided for the control of the manu-
facturing process an information flow system with several data
networks in a hierarchic structure. These data networks .serve
for exchanging pfogram'data between a central processing unit
and the control units of the machining units as well as the
control units of the materxal transport system. Such an infor-
mation flow system, in which all control programs are handled
in a Centfal processing unit, has different disadvantages.



flow/systen1 Such an information rom1systen1 in which all the contro

programmes are managed in a central conputer, has ‘various disadvantages.
Firstly, it is a quite conplicated matter to set umegg&§§§| [Qgr ammes
20 on a central conputer.as a preparatign for auto , in
particul ar concerning the production of ny di ffere:,mmm n smal |
batch sizes. Secondly, any disturbance in the product ires the

control progranme on the central conputer to be adapted 25 or changed.
However, such changes are al ways attended by a certain tinme outlay, and
this can lead in each case to a nore or |ess extended interruption in-
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conput er rves to co € processes are necessary
operating ing is quite complicated, particularly if many different work

pieces in small lots have to be manufactured. Second, each in-
terruption of the manufacturing process requires a modification
.or adaptation of the control program in the central processing
unit. Such modlflcations always require a certain amount of
time with the result that the production process is interrupted
for a shorter or longer period.

A.manufacturing plant which is improved in this respect is dis-
closed in the patent document Nr. DE-A1-37 20 157. In the solu-
tion described therein, the central processing unit serves but
for the control of those processes which are required for the
operation of the automatic manufacturing plant. Particular;y;'
the central processing unit does not provide any machining pro-
grams and no instructions about the order of machining. Rather,
to each work piece to be machined is fixedly assigned a data

~ memory unit which, amongst else, contains the appropriate ma-
chining program. This program is read into the control unit of
a machining tool as soon as the work piece is transmitted to
the machining station. The disadvantage of such a information
flow system is that for the above mentioned purpose quite bulky
data memory units must be provided on each work piece and on
each pallet bearing a work piece, resbectively. In erder to
provide for a friction less operation, it is moreover impera-
tive that all machining stations of a mahufacturihg plant make
use of a uniform operating syStem, because a translation of the
voluminous data protocols would be.tOO'complicated.

It is an object of the present invention to provide, in connec-
" tion with the monitoring and the control of the manufacturing
operation of such a manufacturing plant, a pqwerful system for
the flow of information between the different parts and units
of the plant and the .work pieces and tools, which renders pos-
sible in a relative simple mahner a flexible, particularly or-
der-related manufacture of many work pieces in relatively small
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pernanently assigned a data nenory whi ch, contai ns, i _
respecti ve processi ng progranme. The latter is read U device -
of a production station when the workpiece is transf e Iatter
The di sadvant age of such an -2- information flom/systen1con5|sts in that

the said aimrequires quite extensive data menories on each workpiece or on
each pallet carrying a workpiece. In order to permt snooth operati.on in
this way, ldts.sPartiguleyly, it is the object of the invention to im-

prove the identification’ system. Moreover, the information sys-
~ tem should be in a position to transmit also other information,
e.g. control information for the manufacture.

This. object can be mat by the fact that the data handling and
exchange system comprises two separate data networks, i.e. a
first external data ﬁandling and exchange network with a cen-
tral data processing unit for the exchange of operation control
data between the central data processing unit and the machining
cells and for the exchange of transportation control data be-
tween the central processing unit and the transporting appli-
ances, and a second internal data handling and exchange network
for exchanging data between the storage app;iances,'the trans-
porting appliances and the handling applianceés. Memory modules
are fixedly assigned to the work pieces to be machined and con-
tain data for the identification of the work piece to be ma-
chined, destination data for the'tranéport of the work pieces
to be machined, and data for fetching machine programs used for
the machining of the work piece ﬁo be machined whereby the data
contained in the memory modules are processed by the aforemen-
tioned second internal data handling and exchange network.

Thus, with the provisions according to the invention, the data
compound in the entire information network of the machining and -
manufacturing plant can be tied together without a gap.

A practical solution can be seen, for instance, by the fact

that the work pieces or the tool means are mounted on the pal-
let means ineividualiy or in groups, the pallet means compfis-
ing uniform positioning means which serve to fix the pallet
means in the machining tools in an exactly predetermined'posiq
tion, the work pieces or tool means remaining mounted on the
pallet means on their way through the manufacturing plant until
the work pieces are fully finished, that the pallet of the work '
pieces and of ‘the tools are provided with electronic memory
modules in which data relating to the idehtifigatien of the



5, unayoidable, furthernore, for all the production stations or the
production plant to operate using a standard operati Ng System—si-nce it
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plant a powerful -systemfor the flow of information bet rent .
plant ‘units and the workpieces or tools, which permits in a conparatively
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adapted to read the data stored in the memory modules, whereby

the data processing means are communicativély interconnected

with the control units of the machining stations.

According to a preferred embodiment, the manufacturing plant of
the invention comprises a plurality of machining stations each
containing at least one numerically controlled machiﬂing tool,
with a plurality of pallet means adapted to receive work pieces
to be machined or tool means for the machining of the work
pieces, with a set-up station for ioading the pallet means,
with a pluraiity of transportable magazine means adapted to re-
ceive the pallet means loaded with the work pieces or tool o
means, with a transfer station for loading pallet means into
the transportable magazine means and for unloading pallet means
from the transportable magazine means, with a storing station

' for the transportable magazine means loaded with the pallet
means, and with an automatically operating transporting means
for transporting the magazine means loaded with the pallet

" means on a traffic network iqterconnec?ing the different sta-
tions with each other, whereby ;

a) each of the machining stations comprises a handling means
for transferring the pallet means between the magazine means
and the machining tool; '

b) each of the machining tools comprises a control unit incor-
porating a first meﬁory means for storing a plurality of ma-
chining programs;

c) an external data handling and exchange network with a cen-
tral data processing unit is provided, by means of which the
control units assigned to the machining tools are connected
with a central data processing unit.and;



| n- accordance with the invention, this object is achleved by means of a
productlon pl ant which has the features specified:i e
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without a gap in the entire information fetwork of t B
means of the neasures according to the invention. A MHH B I} ion is
obt ai ned,- for exanple, by virtue of the fact that th d the

tools for 30 use in the processing devices and at the neasuring station
are mounted individually or in groups on standard pallets which can be
clanped in the correct position into the processing devices and on which
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tools are grOV| ectronlc
he pallet means and data for the machining of the work piece

‘mourited on the pallet means are stored;

e) each pallet magazine comprising a memory means in which data
for the identification of the content of the magazine and data
for the trénsport thereof are stored;

f) -an internal data handling and exchange network for ekchang—
ing data between the memory means provided on the pallet means
and the memory means provided on the transportable magazine
means on the one side and the different stations and the trans-
porting'means on the other side; and

. g). a unlform interface means prov1ded in each of the machlnlng
stations for interconnecting the handling means and the control
unit of the machining tool, the interface means comprising
means for translating the data protocol of the second internal
data exchange and handling network into the data protocol of
the control unit of the assigned machining tool.

" The use of work piece and tool pallets incorporating.uniform
mechanical positioning means forms a good basis for the appli-
cation of the identification system according to the invention.
Thereby, particularly as far as the work piece pallets are con-
cerned, the pallets can be adapted either to receive only one
individual work piece or to receive a group of identical work
pieces.

In contrary to the identification systems known in the prior
art which operate with regard to the position of the work
pieces and tools on the basis of a location code system, the
1dent1f1cation system according to the invention allows the re-
liable identification of the work pieces and tools themselves.
This fact not only substantially increases the safety againét
inadvertent confusions of the relation of the data and the work



"menories in which data for identifying the workpieces or tools and data for
controlling the automatic production cycle can be stored, that the handling
devi ces and the - 3- neasuring station are eqU|ppsdmwﬂthéaﬁ@N cessi ng
units suitable for reading the stored data, and- that w essi ng
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unit is connected to the respectively a55|§ned contr

processi ng devi.ces in a communicat- 5 ° ing fashion. autonatlc
production plant having the features of Claim2 constitutes a preferred
sol ution. The use of workpiece or tool palleéts which have standard
mechani cal positioning aids forns a favourabl e

pieces and tools, respectively, but renders possible a disor-
~dered storage of the work pieces and tools in the magazines.

. The reliable identification of the components (work pieces
and/or tools) is the basis that the individual components can
be provided with additional information, particularly informa-
tive data representative for the transport destination position
of the work piece and/or tool and data representative for the
fetching of machining programs required for the machining of
the individual work piece. Only work piece pallets and tool
pallets carrying such data with them and being in a position to
transmit these data to related control units render possible a
fully automatic operation of a manufacturing plant incorporat-
ing a plurality of individual manufacturing and/or machining
cells.

A particular advantage of the identification system according
to the invention is that it is not necessary to store the ma-
chining data in the form of more or less complete control or
ﬁachining programs for the machining tools required for'thé
corresponding .operation in their entirety in the memory modules
of the pallets. In contrary, only data for the identification
of the required control or machining program has to be stored .
in the memory modules of.the pallets in order to call for the-
suitable control or machining program which is stored in a sta-
tionary memory of the control unit of the related machining
tool as soon as a pallet is to be inserted into the machining
tool. The result is that the size or volume of the data memory
modules on the pallets can be quite small. '

A particularly advantageous embodiment of the manufacturing
plant according to the. invention can be ‘realized if-the machin-
ing stations, the storing station, the transport vehicles and
the transfer station each comprise uniform receiving means
adapted.to receive the transportable magazines. Thereby, the
receiving means each incorporate a data processirg unit with a
data reading head for reading the data stored in the memory



ldfi precondition for the application of the identification systen1
according to the invention. The workpi.ece pallets involved in this case
can, in particular, be ones intended for individual vwoislShéceRRBeI RPRRE

i ntended-for a group of simlar workpiecgs. 15 mmﬁmm with
previous identification systens, which wth respect to -T'E"of t he
wor kpi eces and tools operate with |ocation coding, the _ d tools
are thensel ves uniquely identifiable in the identi- fication system
according to the invention. This circum 20 stance not only provides a
better safeguard agai nst instances of confusion when nutually assigning the
data and tmedulesRravigedionetbs transpextable nagazinasy Thesged@bakploces
and tool s gorbrcdiengsiimrdudandaehy répréfént B¢ @ iin@Redlieddr Ehe pal-
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tions to which the pallet has to be-transported and the order
in which these machining stations have to be served.

As soon as a pallet magazine has been transferred to-a trans-
port vehicle, the next transport destination Can bé seen from
the data contained in the memory module of the related pallet
magazine. This information is sent to the control unit for the
transport system which ensures that the related transport vehi-
cle loaded with a certain pallet magazine is led to a certain
machining station identified by  the data contained in the mem-
ory module of the pallet. As the transport system is always in- .
formed about the next transport destination position, it is no
longer necessary to store complete transport programs in the
transport control unit. The result is that the Control of the
material transportatibn becomes much more simple, -flexible and
efficient. '

The data handling and exchange system according to the inven-
tion further renders possible to take measures for ar altera-
tion of the transport timetable in a simple and efficient way,
e.g. in the case when a Certain destination position is already
occupied or out of operation and, thus, cannot be approached.
Such measures can be limited to a data ekchange in the internal
data handling and exchange network and do not require an al-
teration of the program of the central processing-unit. A pal-
let magazine which cannot reach its predetermined destination
can be deviated to the storage appliance where it temporarily
-stays. Therefrom, it can.be called at a later time upon the oc-
currence of a data signal which represents the fact that the
previously occupied or inoperative destination is now free or
in operation again.

'Preferably,-the pallets and the pallet magazines comprise elec-
tronic read and write data memory modules ensuring that the
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data for transporting the material and data for retrl for
30 processing the material. Wrkpiecg pallets an , mhlch
carry with them appropriate data which they can tran trol

unit if required, permit for the first tine conpletely autonatlc operation
of a production plant having a plurality of production 35 stations
operated as an assenbly. It is a particular advantage in this case that
there is no need to store the processing data in the data menories of the
wor kpi ece gdaltketontained inrthefelectroniar datasmewopycwedubes rean de

processi ng dpafgea@Bring the manufacturing or machining process, e.g. for
the modification of the data to adapt them to the actual state
of machining. For this purpose, the data éroéessing.units in
the handling appliances and the measuring station -further com-
prises a writing head as well as a control and analyzing unit
for controlling the reading and writing process of the memory
modules.

An important prerequisite for a trouble free operation of the
manufacturing plant according to the invention is the safety of
the data exchange. Considering the often rough conditions in
the region of the machining cells with the disturbing influ-
ences of heat, oil, metal chips and cooling fluids, it is ad-
vantageous. to use a sYstem for the data exchange with touchless
operation, preferably a wireless carrier frequency data ex-
change system.

As far as the poﬁer supply of the memory modules is concerned,
it is advantageous to use non-powered memory modules whereby a
system is provided for the wireless supply of power, which is
required for the exchange of data between the data processing
units and the memory modules, to the memory modules’. Semicon-

- ductor memory- modules of_this-kind are not expensive, rela-
tively small and can be mounted in nearly any desired position.
Preferably, an electric alternating current field is used for
the transmission of energy to the electronic memory modules.

In the drawing,'an'embodiment of the invention is schematically
shown; in the drawings:

?ig. 1 shows the overall general layout of the automaticalli
operable manufacturing plant according to the invention; and

Fig. 2 details of ‘a machining station and of a measuring sta-
tion. ' '



-4 . pracessing devices enployed. Al that is reqU|red is the presence of

data for identifying the processing pro- gramres, in 'n order to retrieve the
respectively required processing progranmes st ored This Sh@eH&MRE] Q1] t as

soon 5 .as a pallet is fed to a processinhg deV|ce paci ty of
the data nenories can be correspondi ngl ygsmal | er. ﬁ"‘&mg}ﬁ di nent of
t he produetion plant according.to the invention conS|s S I n that

10 the production stations, the storage device, the trans- port vehi cl es
and the transfer station have standard receiving sites for the pallet
magazi nes, there bei-ng equi pped at each of these receiving sites one data
processi ngThel mapuficburing prast fschentitdioad lyhehdwhain Fig. 1 com—

prises, for example, a,set—up'station 1 in which pallets are
loaded, a transfer station 2 in which transportable pallet
magazines are loaded and unloaded, a storing station 3 for pal~-
let magazines, four machining stations 4 and a traffic network
5 interconnecting the different stations to each other.

The set-up station 1 includes a mounting station 6 in which the
work pieces and the tools are mounted on pallets, as well as a
measuring station 7 in which the geometrical data of the work
pieces-and.tools mounted on the pallets are determined.

In the transfer station which comprises two bins.s each for one
pallet magazine, on the one side, arriving pallet magazines
having pallets with finally machined work pieces are unloaded
‘and, on the other side, still empty pallet magazines are loaded
with pallets having work pieces to be machined or tools mounted
thereon.

The storing station 3 comprises a plurality of storage bins, in
the present example five storage bins 9, in which empty and/or
loaded pallet magazines are temporarily stored.

In the present example, each of the machining stations 4 com-
prises a machining tool 10, usually in the form of a numeri-
cally controlled machining apparatus, a bin-11 for a pallet
magazine and a handling and manipulating apparatus 12 for load-
ing work pieces into the machining apparatus and for inserting
and removing tools into and from, respectively, the machining
apparatus.

The traffic network 5 is part of an automatically operated
transporting installation which comprises a central transport
control station 13, a remote control system 14 and a plurality
of remote-controlled vehicles 15 which are disposable at the
moment when they are required. In particular, the traffic net-
work consists of a number of different, preferably rail-lees



15-§ stored in the data nenpries of the pallet magazines. These data
I nclude, in particular, a transport plan for the pall et magazine COﬂ[diHing

details relating to the production stations which amss§&qﬁ§§@ﬁ

be approached. 20 ' As soon as a @allet magazi n
the transport "device, the next transport destlnatlon ca f the
data nenory of this pallet magazine. This information i o t he
control nmeans of ‘the transport device, which controls a vehicle | oaded 25
with the pallet magazine to the specified destination, for exanple to a
production station. Since the transport device is always informed of the
next traveltmdeksi pdongnwhichi theovéhinjes iéc exvagpided) nwherebyi tlzere is
transport h . tyrg0! r [

P @i’r‘&%ﬁ@ﬁeﬁ ElbSel fo%%%@flfl 3 EraFc‘?é‘ 160 :umj’ilﬂé atBRy" Ghe ! Bfarnfer th

flow of material becones subst
station 2, the storing stat on 3 and the four machining sta-
tions 4, as well as a number of separate track loops 17 running
to each storage bin 8, 9 and 11. Thus, several vehicles 15 can
circulate on the traffic network simultaneously without hinder—
‘ing each other. Further, a number of parking tracks 18 is pro-
vided for vehicles 15 not in use.

The information handling and exchange system comprises two
éeparate data networks, namely a first external data handling .
and exchange network 19 and a second data handling and exchangé
network 20. The external data handling and exchangé network 19
1nterconnects the control units of the numerically controlled
machining tools 10 of each maphining station 4 and the trans-
port control station 13 with a central operational data proces-
sor 21 and is provided for the handling and exchange of opera-
tional control data between the operational data processor 21
and the control units of the numerically controlled mechining'
tools 10, and for the handling and exchangé of transport con-
trol data between the operational data processor 21 and the
transport tont;ol station 12. The external data handling and
exchange network 19 can be part of a data processing system .
known under the trade name "ETHERNET" to which can be con-
nected, besides the operational data processor 21, e.g. a op—
erational planning system. o

The internal data handling and exchange network 20 intercon-
nects the divisions of the machining and manufacturing plant
which are part of the material transportation and storage sys-
tems, i.e. the storing station 2, the handling apparatuses 12
and the vehicles 15. Particularly, all storage bins 8 of the
transfer station, all storage bins 9 of the'storage station 3
and the storage bins 11 of the machining stations 10 as well as
" the remote control system 14 for controlling the vehicles 15
are interconnected to each other by means of the internal data
‘handling and exchange network 20. For the exchange of data. be-



nore fl.exible as a result. Mreover, the information flow system according
to the invention renders it possible in a sinple way T0 take measures—to

change the transport plan i'n the case 35 when, f Or TIBXSHARIHGS Bee G fic
destination station-is occupi ed and thergfore cannot b uch
measures can be.restricted to an exchange of data wthiﬂ!ﬂﬂ:ﬂwﬂm F dat a
networ k, and require no change of programe on the pro

conputer A pall et -5- magazi ne which cannot reach its destination in

accordance with the transport plan can be diverted into the storage deV|ce'

fron1mhere It can be retrieved again at a |l ater '
tween the bins for the pallet magazines 11 and the handling de-

vices 12 of the machining stations 4 on the one side and be-
tween the transport control station 13 and the remote control
system 14 on the other side, there are provided data lines 22
and 23, respectively. Furthermore, in each machining station 4,
the handling apparatus 12 is connected with the control unit of
the machining tool 10 via an interface 24 which includes a
translating circuit for the translation of the data protocol of -
the internal data-network 20 intc the data protocol of the con-
trol unit of" the related machining tool 10 whereby the control
unit of the machining tool 10 is connected to the external data
handling and exchange network 19.

To.the material to be handled, i.e. to the pallets loaded with '
work pieces and tools, respectively, and to the pallet maga-
zines, certain data are fixedly related. These data comprise
data for the identification of the material, destination data
for the transport of the material and data for fetching maehine
programs nsed for machining the material. These data are ex-
changed by means of the internal data network_ZO. For this pur-
pose, all pallets and all pallet magazines each comprise an
electronic memory module in which the respective data are

' stored. In all places where the pallets rest and in-all trans-
fer locations of the pallets, data processing units are pro-
vided which are equipped with a data read head in order to’ read
"the data stored in the electronic memory modules. The handling

| apparatuses 12 and the measuring station 7 are equipped with
data processing units which further comprise a data write head
in order to write data into the electronic menory modules, e.g.
data representative for the actual state of machining.

In Fig. 2, there is shown a machining station 4 (without the
bin 11 for the pallet magazine) and the measuring station 7
which is part of the set~up station 1 in more detail. Corre-
sponding parts and elements are provided with the same refer-
ence numeral as in Fig. 1.



poi-nt i.n time, for exanple, in response to a SignaLAMM4H+4}~—ﬂﬁﬁﬁﬁﬁmes t he
rel ease of the previously occupied produc- tion sta

.0 [ rred to
have present data menories which pernmit the stored Se éamﬁéfﬁk during
the production operation, that is to say éespectlvel B E t he

data of a workpiece to the current state of processi For
this purpese, each data processing unit can have, in addition to a read
head, a wite head and d control and eval uati on devi‘ce which controls the
read cycle and the wite cycle. 15 - Safeguarding the
transmssion of data is a precondition for fault-free operation. VWth
regard to fThe machisingytoolighl opemprises ian consrdilenitf 39 rwhielsiisy con-

devi ces, Whechea¥s Ehé eﬁEéPﬁaﬁr@a@QléW&l@iedbiEU&baQGa'I'iné'ej‘.?eénd't i s
advantageous to praqvide éf
connected to t e han ing apparatus via a data line 24 The
control unit 30 is equipped with a data memory in which a plu-

rality of machining programs is stored.

The measuring station comprises a computef terminal 32 which is
connected to the external dafa network 19 via a data line 33. A
measuring device 34 for determining the geometrical data of a
work piece is connected to the computer terminal 32.

The work piece 35 is mounted on one out of a plurality of pal-
lets 36 which are uniformly designed as far as their position-
ing means are concerned. Thus, the pallet 36 can be fixed in an
exactly predetermined position in all locations where the work
piece 35 will have to stay to be stored, measured or nachined;
e.g. on a support 37 of the measuring device 34 or at the
clamping member 38 of the machining tool 10. The pallet 36 is
provided with an electronic data memory module 39 in which are
stored the data required for the identification, for the trans-
portation and for the machining of the work piece 35.

On the basis of an incoming machining_order, the suitable work
piece 35 is fixed to a pallet and all required data which are
specified in the order (e.g. name and number of the work piece,
NC-machining program identification etc.) are written into the
memory module 39 of the pallet 36 in the set-up station 1.
Then, the pallet 36 with the work piece 35 .is transported to
the measuring station 7 where its positidn on the top of the
pallet 36 is measured and adjusted. Particularly, the actual
position of the work piece 35 on the pallet and the deviation
from a predetermined reference position is measured with the
help of the measuring device 34, and the measured data are
stored in the memnry module 39 of the pallet 36, together with
‘the data relating to the order number, the part number.of the
work piece and other required data. Thereby, all these data are



20 -, transmission a systemin which data are transmtted w thout contact a

wireless carrier frequency system bei ng partlcuIarly_meLL_suLLed_LaL_ths

W-t h regard to the power supply for the data nenories, an advanta eous
solution'is provided by virtue 25  of tg fact that lagpdt o
menories Wi th non- energi zed storage,. devi ces are H ns of
whi ch the-energy which the data nenories require for n S
transmitted in a wireless fashion fromthe data proceSS|ng unit to the

respectively driven data 30 .nmenory. Semniconductor menories of this type
are cost effective and, noreover, conparatively small and easy to instal

overal | . AfiXegdat redagedetaati eertain ddentifiableyvouk piprevviEl the

transnitti g0 hatAinadeeptant SHRAEIBHY atle bWOideaention is re- 35
presented diagranmatically in the draw ng, specrflcally :

Thereafter, the thus prepared pallet 36 is transported'to the
transfer station 2 (Fig. 1) where it is loaded into a certain
pallet magazine. At this place, also the data ﬁemory module of
the pallet magazine is loaded with the required data which
serve for the identification of the content of the pallet maga-
zine and which also contain transportation data. A vehicle IS
takes-the loaded pallet magazine over and transports it either
directly to a machining station 4 or temporarily to a storing
station 3. '

At the beginning of a machining program, the pallet magazine
filled with loaded pallets is displaced to the magazine receiv-
ing place provided for this purpose in the machining station 4.
The location of the magazine receiving place is such that the
pallet magazine is in the range of a movable gripper arm 40 of
the handling apparatus 12. The handling'apparatus 12 is pro-
vided with a data processing unit 41 equipped with a data read
head which preferably is located at the end of the movable '
- gripper arm 40. ‘ |

In an initial phase, the data read head of the data processing
unit 41 is moved along all positions in the pallet magazine
where loaded pallets are stored, reads the data contained in
the memory modules 39 of the pallets 36 and stores these data
in the memory of the data processing unit 41. The control unit
30 is connected to the handling apparatus 12 and can directly
call for the identification of a certain work piece 35 stored
in the pallet magazine. Thereafter, the handling appaiatus 12
removes the required work piece 35 from the pallet magazine and
inserts it, together with the related pallet 36, into the ma-
chining tool 10. The data processing unit 41 related to the
handling apparatus 12 reads the data stored in the memory mod-
ule 39 of the pallet 36 during the transfer of the work piece
from the pallet magazine to the machining tool 10 and forwards



Figure,1 shows the overall plan of the automatic produc- tion plant
according to the invention; and Figure 2 shows det ail.s of aproduction—
station and a neasuring station. -6- The production pl ant re re eqte in
Figure 1 conprises, for exanple, a prepajgtion stati onThs
pallets, a transfer station 2 for |oading and unl oadi ng
pal | et nagazi nes, a storage 5 station 3.for pallet ma
production stations 4 and a traffic network 5 which interconnects the
various stations 2, 3 and 4. The preparation station 1 contains a clanping

these data to the control unit 30. As these data also contain
the mathining program identification required for the-machihing
of the related work piece 35, the control unit 30 selects the
machining program reqdired for the machining of the related
work piece from the collection of machining yrograms contained
in its memory and uses the selected machining program to con-
trol the machining tool 10.

The tools required for the machining of the work pieces 35 can
be handled basically in the same way as herein before de-
scribed. '

After termination of the machining process, the work piece 35
is brought back into the pallet magazine and another work piece
'is removed from the pallet magazine to be machined according to
its data contained in its memory module 39. When all the work
pieces contained in a pallet magazine are machine@,'the pallet
magazine can be trénsporéed to a further machining station for
further machining of the work pieces contained in this pallet
magazine, or it can be temporarily stored in one of the storage
bins 9 of the storing station 3. Another possibility is to
bring the pallet magazine back to the measuring station 7 or to
another (not shown) measuring station where all work pieces 35
are measured again. If required; the new meaéurihg data can be
stored in the memory modules 39 provided on its pallet 36 and
related to each work piece 35. Further, it is still possible to
store additional data in the memory modules 39, e.g. for the
further machining, processing or handling of the work piece 35.



site 6,at which the workpieces and tool s are cl anped on 10 pallets, and a
measuring station 7 fordetermning the geonetrical data of the workpieces

and tool s. ¢l anpedTRisH-B%1208deh Rlsticedt t NE transfers ' has two

sites 8 kor one pal ach, ingpmng p z 5 wth
4 Fre unl oaded, onTl gﬂﬂgiﬁﬁﬂ&iﬁﬂ enpty
newly fitted pal'ly , er hand.

conpl etely process

pal | et nagazi nes a aoe

The storage station has a plurality of storage sites, in the present
exanple five storage sites 9 for 20 tenporarily storing enpty or ful
allet magazines. In the present exanple, each production station 4
Eonprisesggh' Bgegg*xﬁﬁdeeicé 10, geggrally I n ?he formof a nunerically
controll ed machine tool, a site 11 for a pallet nagazine, and a handli.ng

device 12 i?rAﬂiﬁéﬁﬁfhgturing plant comprising a plurality of machining
cells (4), a management system for work pieces comprising stor-
.agé means, transporting means and handling means, and a data
handling and exchange system adapted to control the operations
of the manufacturing plant, characterized in that the data han-
dling and exchange system comprises two separate data networks
(19, 20), whereby a first external data handling and exchange
network is provided for the exchange of data between a central
data processing unit and the machining cells and to exchange
transporting control data between the central processing unit
and the transporting control means, and whereby there is pro-
vided a second internal data handling and exchange network for
exchanging data between the storage means, the transporﬁing
means and the handling means} whereby memory means are fixedly
assigned to the work pieces to be transported, the memory means
containing data for the identification of the work piece, des-
tination data for the transport of the work pieces and data for
fetching machine programs used for the machining of the work
piece .to be machined, the data contained in the memory means
being processed by the second internal data handling and ex-
change ﬁetwork. '

.,

2. An automatib manufacturing.plant according to claim 1, char- 
acterized in that there is provided a plurality of uniform in-
terface means each assigned to 6ne of the machining cells, the
interface means comprising means for translating differing data
protocols and being connected to the first external data han-
diing and exchange network as well as to the second internal
data handling and exchange network.

3. An automatic manufacturing plant according to claim 1, with
a plurality of machining stations each containing at least one
numerically contfolled machining tool, with a plurality .of pal-
let means adapted to receive work-piéces_to be machined or tool
‘means for the machining of the work pieces, with a set-up sta-



25 the processing device 10-w-th wor kpi eces and for exchang- ing tools.
The traffic network 5 is art of n automatic transport device which
coenpri.ses- a centnhhSmw rol station 183, renot e-control- system
14 and a-30 pIur ely contx®l | ed veﬁﬁeres‘TB‘mhrehsean\
optionally recalle he traffic networ U!" varlous
pref erably roII-Iess tracks anng whi ch the vehicl EE"

i nherently closed track 16 Ieadlng past the transfer® ﬁatuonn ,s storage
35 station 3 and all the production stations 4, and separate track Ioops

3 and 40 wethm ff, oaEg e Pajlntamerpss: wiEh e LSRRy Gr " *
S|nultaneopskyabmethagazrdé|means\ﬂddpﬁédwtthaCemueUEherpa&&enumaans 5
loaded with the work pieces or tool means, with a transfer sta-

" tion for loading pallet means into the transportable magazine
means and for unloading pallet means from the transportable
magazine means, with a storing station for the transportable
‘'magazine means loaded with the pallet means, and with an auto-
matically operating transporting means for transporting the
‘magazine means loaded with the pallet means on a traffic net- .
work interconnecting the different stations with each other,
characterized in that

‘a) each of the machining stations comprises a handling_means
for transferring the pallet means between the magazine means
and the machining tool; '

b) each of the machining tools comprises a control unit incor- -
porating a first memory means for storing a'plurality of ma-
chining programs;

c) an external data handling-and exchange network with a cen-
tral data processing unit -is provided, by means of which the
control units assigned to the machining tools are connected
with a central data processing unit and;

d) each pallet means comprises a memory means in which data for
the identification of the work piece or tool means mounted on
the pallet means and data for the machining of the work piece
mounted on the pallet means are stored;

ef each pallet magazine comprising a memory means in which data
for the identification of the content of the magazine and data
for the transport thereof are stored,

f) an internal data handling and exchange network for exchang-
ing data between the memory means provided on the pallet means
and the memory means provided on the transportable magazine



-7~ Furthernore, parking spurs 18 are provided for unused vehicles 15. The

|nfornat|on fl.ow-system has two se separate data networks, specifically an

ext ernal. data ne&mp§5tiﬁs@£gg i nternal data netmork 20. The ext ernal
data network 19 c trol units of th ces 10 of
all the productlo IHE& M@d t he transport ﬁm"rmﬂ mmmlﬁﬂl 3toa
central process c 21, andlfs provi dedcf or exclsangi ng process

control data 10 bet ween the process control conputer 21 and the control
units .of the processing devices 10, and for exchanging transport control

data betvegn, L he R PEESSnS LGSkl T % 7208 L0SeL530°B8 itV ls-

porting means on the other side; and

g) a uniform interface means provided in each of the machining
stations for interéonnecting the handling -means and the control
unit of the machining tool, the interface means comprising
means for translating the data protocol of the second internal
data exchange and handling network into the data protocol of
the control unit of the assigned machining tqol.

4. An automatic manufacturing plant according to claim 3, char-
acterized .in that data memory means are provided which enable
that data contained in the data mémory means can be changed |
during the manufacturing process.

5. An automatic'manufacturing plant according to claim 4, char-
acterized in that each data processing unit comprises a reading
head, a writing head as well as a control and analyzing unit’
for controlllng the reading and writing process. '

6. An.aqtomatié manufacturing plant according to one of the
preceding claims, characterized in that there is providgd'a
wireless carrier frequency system for the exchange of data.

7 An automatic manufacturing plant according to one of the pre-
ceding claims, characteriied in that the memory means. comprise
non-powered memofy modules and that means are provided for the
wireless supply of power, which is required for the exchange of
data between. the data processing means and the memory means, to-
the memory modules. '

8. An automatic manufacturing plant according to claim 7, char-
acterized in that an inductive alternating current field is
provided for the transfer of power for the memory modules.

- 9., An automatic manufacturing plant according to claim 3, char-
acterized in that the work pieces or the tool means are mounted



external data network 19 can be part of a data trans- 15 m ssion system .

known under the desrgﬁatfeﬁ—e%——E%hernet" to which, in addition to the

process.cantrol ¢ Le cess pl anni ng sy:

exanpl e. By contrasty n epiaged ot o yget wor k- 20y the
u material 20 f mg ﬁD jﬂm
i d vehicles 15), . c all the

pl ant conponents be
station 2, handling

magazine sites 8, 9 and 11 of the transfer station 2, the storage station 3
and the production stations 4 as well as the renote control system 14 for

the traffickipg of L5 S nasl3 { t ed this _internal
data netwoth O KA AT Ao 3sialay F FRIEIR o GR kiaiskoBRRS o

§exchangingcchpzusﬁnqwuniﬁdnmlpgyibineiagtneana.whtbhtaaﬂvwn¢b|ﬁgxdehEces 12
igt;nt Pgl pgf;g fié@rlnééx?é D the MdHIRiNGeLB81E ifNkh RBIMRAY &J}"edh't%m%&
: E positxon, the work pieces or tool means remalnlng mounted on
the pallet means on their way through the manufacturlng plant
until the work pieces are fully finished,

10..An automatic manufacturing"plaﬁt according to claim 3,
characterized in that the set-up station includes a measuring
station connected to the first external data handling and ex-
_dhange network for determining the geometrical data of the work
pieces and tool means, respectively, mounted on the pallet
means, and further includes a data processing unit incorporat-
ing data reading and writing heads cooperating with the memory
means provided on the pallet means. '

11. An automatic manufacturing plant according to claim 3,
characterized in that the automatically operating transporting
means comprises transport vehicles and a central transport con-
trol station connected to the first external data handling and

' .exchange network for controlling the movement of the vehicles.

12. An automatic manufacturing plant according to claim 3 and
11, characterized in that the machining stations, the storing
station, the transport vehicles and the transfer station each
comprise uniform receiving means adapted to receive the pallet
magazine means, the.receiving means each incorporating a data
processing unit with a data reading means for reading the data
stored in the memory means provided on the pallet_magazine
means.

13. An automatic manufaéturing,plant according to claim 3,

. characterized in that each of the handling means comprises a
data processing unit incorporating a data reading and writing
means:cboperating with the second memory means on the pallet
ﬁeans, the data processing unit comprising a uniform interface
means with means for translating the data protocol of the sec-



30+ and the renote control system 14, on-the other hand. Mreover, in each

productlon station 4 the handling device 12 is connected to the control

umit of st.he pro- ceSS|ng deV|ce 10 via a st andared—interface, which is

indi cated by the lasdld cont ajgis means rng t he

data protocol ta network 20 to hj‘mg mm“ of the

control unit, n xterna1 data'net , th% rel evant

processi ng deV|ce 10. The naterlal to be converted, that |s to say the

-8- pallets fitted with tools or workpieces and the trans- portable pallet

magazi nes arg f:?éerr:g{]aef tAgltaa Sal,n%rlll%%gdaatn% exchange network into the data
protocol of the control unit of the machlnlng tool assigned to

the control unit.




fan |dent|fy|ng the material, target data for transport- ing the material .
and data for retrieving progré—_‘s for 5 processing the material, the
Fnternal data nennﬁskwﬂﬂsb&hmﬂlhﬁﬁended for- exchangi ng these data. For this
pufpose, all the Iet magazi nes have one data nenory each, in
whi ch the rel evant ml’ﬂ ed, and data processing units which are
equi pped'wth are or reaQO)the stored data are present at-
al | stopping locations of the pall et magazines and at all transfer sites of
the pallets. The handling devices 12 and the neasuring station 7 are

assi gned data procecAUTOMATECALEY OPERABERE SMANUFACTURING ®Iimvad, for the

pur pose of 15 witing data into the data nenories, for exanple data

whi ch specify the state of producti j1s of a production station 4
(wi thout magazine.site 11) and of the neasuring station 7 of the

The automatic manufacturing planf comprises a plurality of ma-
chining cells, a management system for the work pieces includ-
ing storage appliances for storing the work pieces, transport-
ing appliances for transporting the work pieces and handling
appliances for maniphiatiné the work pieces, and a data han-
dling and'exchange system for controlling the operations of the
manufacturing plant. The data handling and exchange system com-

. prises a first external data handling and exchange network with
a cenfral data. processing unit for the exchange of operation
control data between the central data processing unit and the
'machining'cells'and for the exchangé of transporting control
data between the central processing unit and the transporting
appliances. Further, there is provided a second internal data f
handling and exchange network for the exchange of data between
the storage_appliances, the transporting appliances and the

' handling appliances. The work pieces are mounted on pallets
which comprise memory modules containing data for the identifi-
cation of the work piéCe, destinatiOn data for the transport of:
the work pieces, and data for fetching machine programs used

. for the machining of the work piece. The data contained in the
memory modules are processed by the second internal data han-
dling and exchange network.

This manufacturing plant is suited for a fully automated flex-
ible manufacturing thanks to the improved information system.

Figure 1



6?éparation station 1 are represented in Figure 2, 20 correspondi ng parts
bei ng provided with the same refer- ence numerals as in Figure 1. The
processing device 10 is assigned a control unit 30 which is connected via a
data line 31 to the external data network 19, and via the data line 24 to
the 25 -handling device 12, and which has a data nmenory in which a .
plurality of di fferent processi ng programmes are stored. The neasurlng
station 7 -conprises a conputer ternminal 32, which is connected via the data
line 33 to 30 - the external data netwppk 19, and to which a:measuring

I nstrument 34 is connected for detern1n|ng géonetrical data. The workpiece
35.1s nounted on a-pallet 36, which is standard with respect to the
posi ti oni ng means and can . .
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35+ be ¥ftfped in the correct position at each |ocation where the
jﬂbfkpfece 35 stops for storagde, neasurenent and processing, for exanple on
.a,_support 37 of the nmeasuring instrument 34 and at the chuck 38 of the
processing device 10. The pallet 36 is provided with a data nenory 9 39
in which the data required for identifying and pro- cessing the workpiece’
35 are sfored. On the basis of a processing order, the workpiece 35

provi ded therefore is clanped onto a pallet and fed to 5 t he neasuring
station 7, at which the data specified_in the order (such as workpi ece
desi gnati on, NC programe designationhzé c.) are also transmtted. The

wor kpi ece 35 - '
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is preset at the measuring station 7. In this case, the nmeasuri ngRtTwm#& co
instrument 34 is used to establish the position 10

of the workpiec .
with respect to its pallet 36 or the offset of the latter with respegﬁoﬁg'q

the refergnce system assigned to the pdl l-et 36. The neasurenent data ar gt 05
stored in the data carrier 39 located on the pallet 36, together with the
abovenaned order data. TARTOMABIC MANBFACTIZRENGISYSTEM per manently assi gned

to a specific, identi- fiable workpiece, and.instances of confusion in this
regard are therefore €eRa¢ udeesermthekrvgonont hneeXatetsedcpad eduisngpagsed on to
the transfer sipabiaade ok FipdHhe becovBeng ith ithacsaamylat &t i shampal | et
magazi ne. At tr&ihl%i 0, | ocatiaon, the data nenory of the pallet magazine is
al so | oaded with 't

e required data, which are necessary for identifying the
pal | et magazi ne and t h8Uth RRGBIGticRePRanF axg KBAMR|REY 5ot RIREhRYer t he

| oaded pal |t wighzi @Bl the components typical of such plants, for
' example from the

documents EP-A-0 364
DE-A-37 20 157,

138 and
in which various solutions for control-

ling the production cycle are also specified.

_ An information flow system hé.ving a plurality of
hierarchically structured data networks is provided in
the production plant according to documient EP-A-0 364 138
for the purpose of controlling the production cycle.
These data networks serve to exchange . programme data
between a central computer and the control units of the
procéssing devices and the control units of the material

flow system. Such an information flow system, in 'which-
all the control

computer,

10

15

programmes are managed in a central

has ‘various disadvantages. Firstly, it is a

quite complicated matter to set up processing programmes
20

on a central computer as a preparation for automatic

production, in particular concerning the production of

many different workpieces in small batch sizes. Secondly,
any disturbance in the production cycle requires the

control programme on the central computer to be adapted
25

or changed. However, such changes are always attended by
a certain time outlay, and this can lead in each case to
a more or less extended interruption in production.

A production plant improved in this connection is
shown by the document DE-A-37 20 157.

In the solution
30 described here,

the central computer serves only to
control those processes which are necessary for operating

the automatic production plant. In particular, the

central computer supplies no processing programmes and no
instructions concerning the processing sequence. Rather,

each workpiece to be processed is permanently assigned a

data memory which contains, inter alia, the respective

processing programme. The latter is read into the control
device of a production

station when the workpiece
transferred onto the

latter. The disadvantage of such

arn
REPLACEMENT SHEETS 6

?;(.Demriyﬁon : paged ... to pages’ D,
TLF’ Liaim(s)

is

This is the replacement sheet

buiec 01 JUN 1998

DATE OF RECEIPT...! A/




and feeds the latter either directly to a production 25 station 4 or,
tenporarily, to the storage device 3. At the start of a production
programe, the pallet magazine fitted with pallets is noved to the
receiving, S|te provi ded therefor, of a p?oductlon station 4 at which it’

can be reached the ane Ie 30 [ 0.0f t hapnd] 4 n evi ce
12. The handl i rfd'}/f FavREEC2 | sowe SLKSC&R 88{‘%95% m%ﬁ t?lggeg:gll ng undlltgﬁ‘g whose
read head is coramuines qruorteeszaﬁgnélwod%ﬁ@ Wl%loéi glalcbpmagka%ﬁ?@.o I n

an |n|t|a||zahh9nonr@&ch éﬁ@ieﬁeéﬂrrbﬁﬁg 3D wonppi&dehesn addtdert heo
storage positions nagazj n

the data menor |%esr“§d: i ﬁ‘f‘%oﬁlneggﬁfﬁkrrgmr ?h??ng éE?dSl ! e odhde ngi?d "

5t otessi ng ani
The control 5 uniwnad@isiakiies éﬂ@ébssmﬂgedeﬁmtéli-otbarp qtdiqn sgatipes

desi gnation of ghe cheqUbFSEhMaIdHPi 888n85 to operate using a standard

operating system, since it would be too cumbersome to
convert the extensive data protocols in each case.

It is the object of the invention to provide in

10 conjunction with monitoring and controlling the produc-

tion cycle of such a production plant a powerful system

for the flow of information between the different plant

units and the workpieces or tools, which permits in a

comparatively simple way a flexible, in particular job-

15 centred production with many different workpieces.  in

small batch sizes. The aim is also to provide an improved

identification system. Furthermore, the information

system is to be suitable for tranémitting other items of

information as well, for example those controlling

20 production, by way of the identification paths. -

In accordance with the invention, this object is

achieved by means of a production plant which has the

features specified in the characterizing part of Patent
Claim 1.

25 The data combination can be closed without a gap

in the entire information network of the production plant

by means of the measures according to the invention.
A practical solution is obtained, for example, by
virtue of the fact that the workpieces and the tools for
30 use in the processing devices and at the measuring
station are mounted individually or in groups on standard
pallets which can be clamped in the correct position into
the processing devices and on which the workpieces remain
on their path ‘through the production plant until com-
35 pletely processed, that the pallets of the workpieces and
those of the tools are provided with electronic data
memories in which data for identifying the workpieces or
tools and data for controlling the automatic production
cycle can be stored, that the handling devices and the
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10 - directly via the interface to the handling device 12, whereupon the
handl i ng device 12 fetches the rel evant workpi ece fromthe pallet nagazi ne
and feeds it to the processing device 10. During the transfer of the 5

wor kpi ece, 35, the data processing unit 41 assigned to the handling device
12 uses a read head to read the data stored in the data menory 39, and

relays  themto t tr ol it 3 t : | . ;
processing the V\%&%&{e&fgggé%ﬁ Qg%legﬁlg%e?{ %%E?%ﬁ%%ao&%%%su%ts
stored in the cofit¥eiblmifooreading HdreaisFses FetRe FRgt thesrghati on,

which is al so keptocephheiuig tusedednesidd do the pegsessiveg ydesistgnia.
control units of the processing devices in a communicat-

-5 ing fashion.

An automatic production plant having the features
of Claim 2 constitutes a preferred solution.

The use of workpiece'or tool pallets which have
standard mechanical positioning aids forms a favourable

10 precondition for the application of the identification

- system according to the invention. The workpiece pallets
involved in this case can, in particular, be ones
intended for individual workpieces or ones intended for
a group of similar workpieces.

15 By contrast with previous identification systems,
which with respect to the location of the workpieces and
tools operate with location coding, the workpieces and
tools are themselves uniquely identifiable in the identi-
fication system according to the invention. This circum-

20 stance not only provides a better safeguard against
instances of confusion when mutually assigning the data

~and the relevant workpieces or tools, but also permits
the workpieces and tools to be deposited randomly in the
relevant magazines.

25 : The unique identification of the component (work-
pieces and/or tools) forms the basis for the fact that
the individual components can also be given additional
information, in particular target data for transporting
the material and data for retrieving programmes for

30 processing the material. Workpiece pallets. and tool
pallets, which carry with them appropriate data which
they can transmit to the control unit if required, permit
for the first time completely automatic operation of a
production plant having' a plurality of production.

35 stations operated as an assembly.

"It is a particular advantage in this case that
there is no need to store the processing data in the data
memories of the workpiece pallets in the form of a more

or less complete control or processing programme for the
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It is possible to proceed in basically the same way with the tools required
for processing the 15 wor kpi eces. The wor kpi ece 35, which is to be fed to
one or nore further processing devices after being processed in the
processi ng. device 10, can be put on a nagazéne in the interim The

wor kpi ece 35 can, however, also firstly be 20  conveyed again to the
measuri ng stati oRPrPCeFsanet deyieeassirivyed atfildn thaffels reansradabsirtdie anew

and the new neasgiegentedd@ 3da€al G | Mdentheyiiad atReNPocdbsding tsrpal | et
36. Additional data relating t.0 tg%.&% thgr p Rcegsgng {véfe morKﬁigge
35, for exanple, SEAN"EE 28" CEHEF§Ci A %ﬁé Hgté Fefbr §g R ¥ hFSTPHERR, as
wel | . processing programmes stored in the control unit as soon
5 as a pallet is fed to a processing device. The storage
capacity of the data memories can be correspondingly
smaller.

A preferred embodiment of the production plant
according to the invention consists; moreover, in that

10 the production stations, the storage device, the trans-
port vehicles and the transfer station have standard
receiving sites for the pallet magazines, there being
equipped at each of these receiving sites ane déta
processing unit with a read head for- reading the data

15 stored in the data memories of the pallet magazines.
These data include, in particular, a transport plan for
the pallet magazine containing details relating to the
production stations which are successively to be
approached.

20 As soon as a pallet magazine is transferred to
the transport device, the next transport destination can
be read out of the data memory of this pallet magazine.
This information is now relayed to the control means of
the transport device, which controls a vehicle loaded

25 with the pallet magazine to the specified destination,
for example to a production station. Since the transport
device is always informed of the next travel destination,
it is no-longer necessary to input entire transport
programmes into the transport control means. Controlling

30 the flow of material becomes substantially simpler and
more flexible as a result.

Moreover, the information flow system according
to the invention renders it possible in a simple way to
take measures to change the transport plan in the case

35 when, for example, a specific destination station is
occupied and therefore cannot be approached. Such
measures can be restricted to an exchange of data within
the internal data network, and require no change of

programme on the process control computer. A pallet
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Patent clains 1. Aut omati c production plant having a plurality of
production stations (4) with at | east one processing device (10) which are
assigned one control unit (30) 5 each, having a material flow system for
material.(35) to be converted, the material _ fl ow system conprising a
storage device (3), a transport device (5, 13, 14, 15) and handling devices

(12), «and havi ngaqutiind ahiehi anidOWeaEt ¢80 @scomd b iiRgatherasduct i on
pl ant, character; ' '

1 i,zed in that _the_informatiqgn fl.ow system has two
P epar at o data Heslbrbe (Fehebgrt BlaFas he AR Had Rt HREr BhaR ot 0t wor «
(19) for exchardgvigepr dowss wherer dit ¢anabsetrwsaieyedenorah sonpulerer2])
and the productpoihStiat toRs, (for aithddle eX6h288HB8sE M@ P Yilgna@nhobn dat a

15 bet weep t he ceuntrasl rtﬁ%m}u er 2 %\Dwg a tJiaC)r{fsplortoc(:c%ntiggl station
(13), and a’secHMPUIH%RMG T8aF3SHePhotRE (B Y pled produc
tion station.

It is preferred to have present data memories
which permit the stored data to be varied during the
production operation, that is to say respectively to

10 adapt the data of a workpiece to the current state of
processing, for example. For this purpose, each data
processing unit can have, in addition to a read head, a
write head and a control and evaluation devige which
controls the read cycle and the write cycle.

15 _ Safeguarding the transmission of data is a
precondition for fault-free operation. With regard to the
frequently rough operation in the field of processing
devices, which have o0il, chips and coolants as disturbing
influences, it is advantageous to provide for data

20 transmission a system in which data are transmitted
without contact, a wireless carrier frequency system
being particularly well suited for this.

With regard to the power supply for the data
memories, an advantageous solution is provided by virtue

25 of the fact that use is made of data memories with non-
energized storage, and devices are provided by means of
which the energy which the data memories require for data
transmission is transmitted in a wireless fashion from
the data processing unit to the respectively driven data

30 memory. Semiconductor memories of this type are cost
effective and, moreover, comparatively small and easy to
install overall. An inductive alternating field is
advantageously provided for transmitting energy.

An exemplary embodiment of the invention is re-

35 presented diagrammatically in the drawing, specifically:
Figure 1 shows the overall plan of the automatic produc-

tion plant according to the invention; and
Figure 2 shows details of a production station and a
measuring station.
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the storage device (3) (sic), which interconnects the transport device (5,
13, 14, 15) and the handling devices (12), in that each control unit (30)
assigned to a 20 production station (4) contains a data nenory for a
plurality.of processing progrannes and in®that the material (35) to be

converted is permanentl oyl a dentif t.he. material, target
data fer transporting n§ erl atq%g?ndpga?% f(()alprlgéFPI &% ng® 2819UpRogr ames

for processing Fﬁ’é‘Pl‘fﬁﬁéﬁvalf%l eKaEPiest G ereparhtionntstoition t 3 (B38), the
internal data netweetikg(2Rd heingd nteodadsker sxehaiingokhessadag anand in

ted to the external data
hetvor K (10) 1 norigantale PRAeboRante IS padagiintar ga | dt e 1ok

(24), means 5be| $§ a&d-an| abf@ramaﬂc@t mﬁ%ﬁﬂﬂa@@s ffourcpnoduntt ign dstdtei@md dat a
protocols. 2. 4 aAdt 9NEBtdFF Y RUGbrRNs PRt AGRY IR s AL Wdrious

stations 2, 3 and 4.

The preparation station 1 contains a clamping
site 6 at which the workpieces and tools are clamped on
10 pallets, and a measuring station 7 for determining the
geometrical data of the workpieces and tools clamped on
the pallets. ' . )
At the transfer station 2, which has two_siteé 8
for one pallet magazine each, -incoming pallet magazines
15 with completely processed workpieces are unloaded, on the
one hand, and empty pallet magazines are loaded with
newly fitted pallets, on the other hand.
The storage station has a plurality of storage
sites, in the present example five storage sites 9 for
20 temporarily storing empty or full pallet magazines.
In the present example, each production station
4 comprises a processing device 10, generally in the form
of a numerically controlled machine tool, a site 11 for
a pallet magazine, and a handling device 12 for fitting

the processing device 10 with workpieces and for exchang-
ing tools.

25

The traffic network 5 is part of an automatic
transport device which comprises a central transport
control station 13, a remote-control system 14 and a

30 plurality of remotely controlled vehicles 15 which can be
optionally recalled. In detail, the traffic network 5
comprises various, preferably roll-less tracks, along
which the vehicles 15 are guided, an inherently closed
track 16 leading past the transfer station 2, the storage

'35 station 3 and all the production stations 4, and separate
track loops 17 being laid to each magazine site 8, 9 and

11 of the various stations 2, 3 and 4, with the result

that a plurality of vehicles can circulate simultaneously

on the traffic network S5 without mutual hindrance.
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having a plurality of production stations (4) which have at | east one
nunmerically controll ed processing device 35 (10) each, having a plurality
of pallets for being fitted with workpieces (35) and/or tools, having a
preparatian station (1) for fitting the pallets, a plurality of
transportabl e pall et nagazines for depositing the palleted workpi eces (35)

or toolg, a transhetnhskabral @EArking- splds -16 Ohrkopadiongdand fud aadidwy t he
pal | et nagazinesVe%igéggagg station (3) for the pallet nmgazi nes | oaded
with pallets (36), and an~automatic transport device (5, 13, 14, 15) for

transporting the |oaded Bhel tefoeppzicredlow gyskemfhas Swo gepasrke (Hta
whi ch i nt er connegletwbitsdi £h&ELPicSl B il external data network 19 and an

5 internal data network 20. The external data network 19
connects the control units of the processing devices 10
of all the production stations 4 and the transport
control station 13 to a central process control computer
21, and is provided for exchanging érocess control data

10 between the process control computer 21 and the control
units of the processing devices 10, and for exchanging
transport control data between the process control
computer 21 and the transport control station .13. The
external data network 19 can be part:of a data trans-

15 mission system known under the designation of "Ethernet®
to which, in addition to the process control computer, a
process planning system can be connected, for example.

By contrast, the internal data network 20 inter-
connects the plant components belonging to the material

20 flow system (storage station 2, handling devices 12 and
vehicles 15), and to be specific all the magazine sites
8, 9 and 11 of the transfer station 2, the. storage
station 3 and the production stations 4 as well as the
remote control system 14 for the trafficking of vehicles

25 15 are interconnected via this internal data network 20.
Data connections 22 and 23, respectively, are present for
exchanging data between the magazine sites 11 and the
handling devices 12 of the production station 4, on the
one hand, and between the transport control station 13

30  and the remote control system 14, on the other hand.
Moreover, in each production station 4 the héndling
device 12 is connected to the contrel unit of the pro-
cessing device 10 via a standard interface, which is
indicated by the connection 24 and contaiﬁs means for

35 converting the data protocol of the internal data network
20 to the data protocol of the control unit, connected to
the external data network 19, of the relevant processing

device 10.

The material to be converted, that is to say the
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(2,7 3, 4) characterized a) in that each production station (4) has a
handl i ng device (12) for transferring the pallets (36) between a pall et
magazi ne and a processing device (10); 10, b) in that the control units
(30) of all the processing devices (10)"é?e"connected to a process control

conputer (21) yi : dat k . s val | et
(32? has g dét%é%%%%fy??%gf&?%lgﬁigﬁgﬁﬁggg Q&é%%?ggég g&ﬁa??%}q?%£ﬁ¥ifying
t he wor kpi ece B8rtakk&)palletydhagazines Ire tPRETRIGHLY Fsighedidatani ch
control the prf)ﬁesjsdélg:i]ﬁyiﬂ‘geWlﬁﬁit@(t&a@.35):'arg‘§atiﬂatﬁl&foﬁ&ﬁl‘hr{h’ﬁd:&l— ]
magazi ne has a, dat | | r .for ] | £yl t he
palgl et magazi néggnghggﬁge%ﬁ*%%%ﬁt?%ﬁgt ﬁ%{?t ?%%g%%ﬁigfp%%‘%‘{%seﬁﬁo e)
in that thé i nPEPRAFSHRY athet waterizd) ither dvterer} ofagat aetverks &0

bet ween t he dabaingnoindndeiP) fok t BRcRAhGSAS these data. For this

purpose, all the pallets and pallet magazines have one
data memory each, in which the relevant data are stored,
and data processing units which are équipped with a read

10 head for reéding the stored data are present at all
stopping locations of the pallet magazines and at all
transfer sites of the pallets. The handling devices 12
and the measuring station 7 are assigned data processing
devices which also have a write head, for the purpose of

15 writing data into the data - memories, for example data
which specify the state of production.

Details of a production station 4 (without
magazine site 11) and of the measﬁring station 7 of the
preparation station 1 are represented in Figure 2,

20 corresponding parts being provided with the same refer-
ence numerals as in Figure 1.

The processing device 10 is assigned a control
unit 30 which is connected wvia a data line 31 to the
external data network 19, and via the data line 24 to the

25 handling device 12, and which has a data memory in which
a plurality of different processing programmes are
stored.

The measuring station 7 comprises a computer
terminal 32, which is connected via the data line 33 to

30 the external data network 19, and to which a wmeasuring
instrument 34 is connected for determining geometrical
data. |

The workpiece 35 is mounted on a pallet 36, which
is standard with respect to the positioning means and can

35 be clamped in the correct position at each location where
the workpiece 35 stops for storage, measurement and
processing, for example on a support 37 of the measuring
instrument 34 and at the chuck 38 of the processing

. device 10. The pallet 36 is provided with a data memory

s is tuc (eplacement shast
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(36) and pallet nagazines and the different stations (2, 3, 4) and the
transport device (5, 13, 14, 15); and f) in that in each production
station (4) the handling 25 device (12) is connected to the control unit
(30) of the processing device (10) via in_egch case one standard interface
(24) which contains nmeans for converting the data protocol of the internal

data network (20}9t Qnt R idal & HY HRG6O! rfuilta Y r dentiti fyin?P)and t ed

to the 30 external .data network, (19 th | t - :
(10) 3. “AIFBREITE POQUELIBICT Y MR o Oaim 2

characterized in that daba tleedeisss 393 precessingleddg.chhpevoikpiduee

stored data to vasy,duliigatdie RN i s301ampb@oRPS RldANetand fed to

Aut omati ¢ production plant ~accordi to one of .the precedi ng cl
characterigeé intpﬁaﬁgésﬁF?€9e§§at9gn 7, at wLicﬂ o gata gpecf%{ga in

the order (such as workpiece designation, NC programme
designation, etc.) are also transmitted. The workpiece 35
is preset at the measuring station 7. In this case, the
measuring instrument 34 is used to establish the position
10 of the workpiece 35 with respect to its pallet 36 or the
offset of the latter with respect to the reference system
assigned to the pallet 36. The measurement data are
stored in the data carrier 39 located on the pallet 56,
together with the abovenamed order data. The measured
15 data are thus permanently assigned to a specific, identi-
fiable workpiece, and instances of confusion in this
regard are therefore excluded. Thereupon, the fitted
pallet is passed on to the transfef station 2 (Figure 1),
where it is accommodated in a pallet mégazine. At this
20 location, the data memory of the pallet magazine is also
loaded with the required data, which are necessary for
identifying the pallet magazine and the transport there-
of. A vehicle 15 takes over the loaded pallet magazine
and feeds the latter either directly to a production
25 station 4 or, temporarily, to the storage device 3.

At the start of a production programme, the
pallet magazine fitted with pallets is moved .to the
receiving site, provided therefor, of a production
station 4 at which it can be reached by the moveable

30 gripping arm 40 of the handling device 12. The handling
device 12 is equipped with a data processing unit 41
whose read head is connected, for example, to the move-
able gripping arm 40.

In an initialization run, the read head

35 approaches all the storage positions in the pallet
magazine and reads the data stored in the data memories
39 into the main memory of its data processing unit 41.
The control unit 30 of the processing device 10 can now

retrieve the designation of the required workpiece 35
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carrier frequency systemis provided for reading data into and out of the
data menories (39). 13 5. Aut omati ¢ production plant according to
one of the preceding clains, characterized in that data nenories with
non-energi zed storage are used and devicesoare provi ded by nmeans of which
the energy which the data 5 menories require for data transm ssion is
transpitted i n dingatdiyeseid atheé oanteyfnche tdattheriberdbing davice olfhe data

nmenory respect 'Mﬁ‘éﬂéxﬁﬁdn}’eﬁhe 6hand1lindfUbeRAEEC 1Y Ofbedndd) phanted6¢ahdi Ng to
Claimb5, character:i zed | n.that .an | ct ive al Iernaténgeecliel dis 10

o ovi et for ¢ AT g L g PALiet dagdeiid " it Eo'the

processing device 10. During the transfer of the
5 workpiece 35, the data processing unit 41 assigned to the
handling device 12 uses a read head to read the data
stored in the data memory 39, and relays them to the
control unit 30, the NC programme required for processing
the workpiece 35 being selected from the NC programmes
10 stored in the control unit 30 with the aid of the NC
programme designation, which is also kept, and being used

té control the processing device 10.

It is possible to proceed in basically the séme
way with the tools required for processing the

15 workpieces.

The workpiece 35, which is to be fed to one or
more further processing devices after being processed in
the processing device 10, can be pﬁt on a magazine in the
interim. The workpiece 35 can, however, also firstly be

20 conveyed again to the measuring station 7 or another
measuring station, where it is measured anew and the new
.measurement data are read into the data memory 39 at its
pallet 36. Additional data, relating to the further
processing of the workpiece 35, for example, can be

25 stored in the data memory 39 in this phase, as well.
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7. ~ ~Automatic production plant according to aim?2, characterized in
that the workpieces (35) and the tools are nountedindividually or in

groups on pallets (36) using standard positioning ne nn !ml
that 15.  the pallets (36) can be cl arrpe? in the cor;rmmlm | the
processi ng devices (10), the workpieces § remai ni ng on the Ppali et’s

on their way through the producti onpptant é'I‘éirhs conpl etely processed. 8

Aut omati.c produyction p ant accordl ng to Claiim2,. 20 characterjzed in that
the preparation-stati oRf*tP13t+S %‘iﬂﬂqﬁ&e‘d’%ﬁlﬁ“& H@X%Hglﬁgpﬁ‘fléﬂ Yo ©h

~connected to theoduteioal sd:attadmst work wi@h, dtor ldeser wnei rrgrcg:mﬁrfg cal
data of the wogkp)gEesy @5)wﬂicﬁ 0gks UM LLINCBAELSL S und®) (ﬁﬂd with

a data processing, unjt cooperating w g/) t39) of.
o

the pallets (38% anaatéaﬁ$papéeﬁwfw1aﬁi&xﬂ%t@é\ fergmaterial (3

be converted, the material flow system comprising a
storage device (3), a transport device (5, 13, 14, 15)
and handling devices (12), and having an information flow
system for controlling the productién plant, chatracter-
10 - ized in that the information flow system has two separate
data networks (19, 20) specifically a first, external
data network (19) for exchanging process control data
between a central computer (21) and .the production
stations (4) and for exchanging transport control data
15 between the central computer  (21) and a transport control
station (13), and a second, internal data network (20)
the storage device (3) (sic), which interconnects the
transport device (5, 13, 14, 15) ahd the handling devices
(12), in that each control unit (30) assigned to a
20 production station (4) contains a data memory for a

plurality of processing programmes, and in that the
material (35) to be converted is_ permanently assigned
data for identifying the material, target data for
transporting the material, and data for retrieving
25 programmes for processing the material which are stored
in the control units (30), the internal data network (20)
being intended for exchanging these data, and in that the
internal data network (20) is connected to the external
data network (19)  in the production stations {4) by-"
30 standard interfaces (24), means being available at the
interfaces for converting different data protocols.
2.. Automatic production plant according to Claim 1,
having a plurality of production stations (4) which have
at least one numerically controlled processing device
35 (10) each, having a plurality of pallets for being fitted
with workpieces (35) and/or tools, having a preparation
station (1) for fitting the pallets, a plurality of
transportable pallet magazines for depositing the

palleted workpieces (35) or tools, a transfer station (2)
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o
9. Aut omati c production plant according to Claim?2, characterized in
that the transport device (5, 13,.14, 15) has a pl mL- ml“ es (15)
whi ch can be option- 30 ally recalled froma cenﬂ‘ﬂ“‘ O}L nt r ol
station (,13) connected to the external datm network*(198)." Aut omati c
production plant according to Clainms 2 and 9, characterized in that the
producti on st atficandogdingt dmed strdrcmg%ir@\th@epés}ettmﬁsatzriawﬁaoﬁt stentgees

(15) and 35 tfheiangher féEaEhen?éﬁiemw&gaszﬁ{gmrl@ard%@emngpsn1e§s(8 9
and 11) for the pallet ag_‘?m nes

her e n r.ovi.ded
recei ving sitest3fe GutomEaLiify SFAPEP 6# h9gVHEad % e%g ng the
data stored in fidre tdtahapoetingesheflddved paldetnagaaz ines on a trafflc

2) network (5), which interconnects the different stations
(2, 3, 4) characterized

a) in that each production station (4) has a handling
device (12) for transferring the pallets (36) between a
pallet magazine and a processing device (10) ;
10 b) in that the control units (30) of all the processing
devices (10) are connected to a process control computer
(21) via the external data network (19);
c) _.in.  that each pallet (36) has a data memory.(39).in
which there are stored data for identifying the workpiece
15 (35) or tool clamped on the pallet (35) and data which
control the processing of the workpiece (35);
d) in that each pallet magazine has a data memory in
which are stored data for identifying the pallet magazine
and data which control the transport of the latter;
20 e) in that the internal data network (20) is provided for
- data transfer between the data memories (39) of the pallets
(36) and pallet magazines and the different stations (2, 3,
4) and the transport device (5, 13, 14, 15); and
£) in that in each production station (4) the handling
25 device (12) is connected to the control unit (30) of the
processing device (10) via in each case one standard
interface (24) which contains means for converting the -
data protocol of the internal data network (20) to the
data protocol of the control unit (30), connected to the
30 external data network (19) of the relevant processing
device (10). |
3. Automatic production plant according to Claim 2,
characterized in that data memories (39) are provided
which permit the stored data to vary during the produc-
35 tion operation.
4. Automatic production plant according to one of
the preceding claims, characterized in that a wireless

carrier frequency system is provided for reading data
into and out of the data memories (39).
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- 14 - 11. Aut omati c productlon pl ant accordinmg to Taim 2,

characterized in that the data processing unit

handling unit (12) is connected to a read-wite dev]‘mmuﬂmgmﬂ th t he
data nenories (39) 5 of the pallets (36),.and cont&l ns a stantlard
interface {24) neans for converting the ddta pr ot ocol of t he internal

data network (203 to t heA\g@én"-?aO Ot PFGhLOf i S £ T QbcHPAing 30d Ghet R

rel evant processi ng device, (1
preceding claims, characterized in that data memories

with non-energized storage are used and devices are
provided by means of which the energy which the data
5 memories require for data transmission is transmitted in
a wireless fashion from the data processing unit to the
data memory respectively driven.
6. Automatic production plant according to Claim 5,
characterized in that an inductive élternating field is
10 provided for transmitting energy. _
7. Automatic production plant according to Claim 2,
characterized in that the workpieces (35) and the tools .
are mounted individually or in groups on pallets (56)
using standard positioning means, with the result that
15 the pallets (36) can be clamped in the correct position
into the processing devices (10), the workpieces (35}
remaining on the pallets (36) on their way through the
production plant until completely processed.
8. Automatic production plant according to Claim 2,
20 characterized in that the preparation station (1) is
equipped with a measuring station (7), connected to the
external data network (19), for determining geometrical
data of the workpieces (35) or tools clamped on the
pallets (36), and with a data processing unit (32)
25 cooperating with the data memory (39) of the pallets
(36), and equipped with a read-write head.
9. Automatic production plant according to Claim 2,
characterized in that the transport device (5, 13, 14,
15) has a plurality of vehicles (15) which can be option-
30 ally recalled from a central transport control station
(13) connected to the external data network (19).

10. Automatic production plant according to Claims 2
and 9, characterized in that the production stations (4),
the storage device (3), the transport vehicles (15) and

35 the transfer station (2) have standard receiving sites
(8, 9 and 11) for the pallet magazines, there being
provided at each of these receiving sites one data pro-
cessing unit with a read head for reading the data stored

in the data memories of the pallet magazines.

—_—
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11. Automatic production plant according to Claim 2,
characterized in that the data processing unit (41)
assigned to each handling unit (12) is .connected to a
read-write device cooperating with the data memories (39)
of the pallets (36), and contains at a standard interface
(24) means for converting the data protoéol of the
internal data network (20) to the data protocol of the
control unit (30) of the relevant processing device (10).
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AUTOMATIC MANUFACTURING SYSTEM

ABSTRACT

The automatic manufacturing plant cdmprises a plurality of ma-
chining cells, a management system for the work pieces includ-
ing storage appliances for storinq the work pieces, transport-
ing appliances for transporting the work pieces and handling
appliances fqr'manipulating the work pieces, and a data han-
dling and éxchange system for controlling the operations of the
'manufacturing plant. The data.handling and exchange system com-
prisés a first external data handling and exchange network with
a central data processing unit for the exchange of operation
control data between the central data processing unit and the
machining cells and for the exchange of transporting control
data between the central processing unit and the transporting
appliances. Further, there is provided a second internal data
handling and exchange network for the exchange of data between
the storage appliances, the transporting appliances and the

' handling appliances. The work pieces are mounted on pallets
which comprise memory modules containing data for the identifi-
cation of the work piece, destination data for the transport of -
the work pieces, and data for fetching machine programs used
for the maéhining of the work piece. The data contained in the
memory modules are processed by the second internal data han-
dling and exchange network.

This manufacturing plant is suited for a fully automated flex-
ible manufacturing thanks to the improved information system.

Figure 1
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