
AUTOMATIC MANUFACTURING SYSTEM The present invention relates to an
automatic production plant according to the preamble of Patent Claim 1.
Such production plants are known per se together 5   with all the
components typical of such plants,  for example  from  the  documents
EP-A-0  364  138  and DE-A-37 20 157, in which various solutions for
control- ling the production cycle are also specified. An information flow
system having a plurality of 10   hierarchically structured data networks
is provided in the production plant according to document 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 15 processing devices and the control units of the material 



flow system. Such an information flow system, in which all the control
programmes are managed in a central computer, 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, 35   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 is transferred onto the latter.
The disadvantage of such an    -2- information flow system consists in that
the said aim requires quite extensive data memories on each workpiece or on
each pallet carrying a workpiece. In order to permit smooth operation in
this way, it is virtually 



5   unavoidable, furthermore, for all the production stations or the
production plant 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 transmitting 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    - 3- measuring station are equipped with data processing
units suitable for reading the stored data, and that the data processing
unit is connected to the respectively assigned 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   



-4- processing devices employed. All that is required is the presence of
data for identifying the processing pro- grammes, in order to retrieve the
respectively required 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 one data
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    -5- magazine which cannot reach its destination in
accordance with the transport plan can be diverted into the storage device,
from where it can be retrieved again at a later 



point in time, for example, in response to a signal which 5   announces the
release of the previously occupied 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 device 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 oil, 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.    -6- The production plant represented in
Figure 1 comprises, for example, a preparation station 1 for fitting the
pallets, a transfer station 2 for loading and unloading transportable
pallet magazines, a storage 5   station 3 for pallet magazines, four
production stations 4 and a traffic network 5 which interconnects the
various 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
sites 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 



25   the processing device 10 with workpieces and for exchang- ing tools.
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 5 without mutual hindrance.  



-7- Furthermore, parking spurs 18 are provided for unused vehicles 15. The
information flow system has two separate data networks, specifically an
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 process
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 handling device 12 is connected to the control
unit of the pro- cessing device 10 via a standard interface, which is
indicated by the connection 24 and contains 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
-8- pallets fitted with tools or workpieces and the trans- portable pallet
magazines are permanently assigned data 



for identifying the material, target data for transport- ing the material
and data for retrieving programmes for 5   processing the material, the
internal data network 20 being intended for exchanging 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
equipped with a read 10   head for reading 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 measuring 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 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 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 measuring
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    9 39
in which the data required for identifying and pro- cessing the workpiece
35 are stored. On the basis of a processing order, the workpiece 35
provided therefore is clamped onto a pallet and fed to 5   the measuring
station 7, at which the data specified 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 36, 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 transfer station 2 (Figure 1), where it is accommodated in a pallet
magazine. 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 



- 10 - directly via the interface to the handling device 12, whereupon the
handling device 12 fetches the relevant workpiece from the pallet magazine
and feeds it to 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 to control the processing device 10. 



It is possible to proceed in basically the same 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 put 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.    



Patent claims 1.      Automatic production plant having a plurality of
production stations (4) with at least 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  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 production
plant, character- 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) and 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)    -  12  - for loading and unloading the
pallet magazines, a storage station (3) for the pallet magazines loaded
with pallets (36), and an automatic transport device (5, 13, 14, 15) for
transporting the loaded pallet magazines on a traffic 5   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 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 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).    13 5.      Automatic production plant according to
one of the 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 alternating 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 (36) 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.    



- 14 - 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) 5   of the pallets (36), and contains at a standard
interface (24)  means  for converting the data protocol  of  the internal
data network (20) to the data protocol of the control unit (30) of the
relevant processing device (10).    






