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TITLE OF THE INVENTION

Versatile Adaptable Holding Apparatus for
Holding Large Format Workpieces

ABSTRACT OF THE DISCLOSURE

An apparatus for holding a large format workpiece includes first
and second sets of support units on opposite sides of the work-
pliece. Each support unit includes a support arm carrying indi-

vidual mounting fixtures such as suction units for suction-hold-

ing the workpiece. The support arm is pivotably mounted on a
support column, which in turn is movable along a floor-mounted
rall. A riveting machine includes an upper .tool and a lower tool
that are movable parallel to the floor~mounted rall. To make
space for the machine to set rivets in the area that is supported
by a given support arm, that support arm is released from the
workpiece and moved away to allow the machine to carry out 1its
riveting cycle at that area, while the greatest possible number

of the other support units simultaneously remain in place and

continue to support the workpiece.
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FIELD OF THE INVENTION

The invention relates to a holding apparatus for holding large
format workpieces, in the manner of a fléxible and. adaptable
clamping jig system 1including plural workpiece support units.
The invention further relates to a method of mounting and holding
large format workpieces so that the workpieces may be machined

or worked on with a suitable machine tool system that cooperates

with the holding apparatus.
BACKGROUND INFORMATION

Flexible or adaptable workpiece clamping and holding systems are
known in the art, for example from the German Patent Publication
DE 197 45 145 Al. Disclosed therein 1s a machine for holding
workpieces, whereby the machine comprises several units that
comprise arches which are movable along rails. Several of such
arches are provided for receivling one or more large'format WOrk-—
pleces. The two outermost arches of such a support unit are
fixedly connected with the rails, and the entire support unit is
transportable and repositionable using a loading crane for carry-
ing out assembly processes. A workpiece (or several Such work-

pleces), is fixed or clampingly mounted on the support unit, and

1s then pushed into a riveting machine along a further rail

system, and the unit 1is then secured in a rigid or fixed posi-

tion.
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In the known system, to avold a collision between elements of the
riveting machine and elements of the holding system during the
riveting process, the respective affected arches can be reposi-
tioned or moved to a different position. For this purpose,
telescope rods are retracted and the affected arch is moved away
along the rails. During this time, the riveting process 1is
interrupted .and 1s 1n a resting state or standstill. It 1s
further disadvantageous that moving away the respective arch in
this manner results 1n a complete removal of the support and
clamped fixing of the workpiece in the entire region or area of
the freed arch. After the riveting process 1s completed, the
entlre workpiece carrier 1is pushed out of the riveting machine,
and further working or processing steps can be carried out on the
workpiece, or the workpiece carrier 1is transferred or shifted and

the workpliece i1is dismounted from the carrier unit.

Thus, 1n general, the known holding apparatuses of the above
general type have been developed and b'uilt on the bas.is of exist-
ing support or carrier systems in the context of the relevant
installation technology, for example utilizing exchange and/or
positioning frames, apparatus rigging scaffolds, joining sta-
tions, portal systems, assembly or rigging table systems, and the
like. To some extent, the assembly and positioning processes
must be developed and carried out according to complex technical
and time-based control schemes. Moreover, high capital invest-
ments in the installation technology have been necessary, espe-

clally when a large spectrum of workpieces with various different

dimensions and configurations is to be handled. The final out-
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fitting or equipping of the instéllation 1s typically carried out
through the use of further subsystems such as work platform
structures, transfer carriages, lift platforms, conveyor baskets,
and the like. 1In this context, a rather high logistic effort
must be carried through, especially due to the large dimensions
of the workpleces (for example approximately up to a size of 1lm
X 3m for the skin fields or panels of an aircraft fuselage), and
due to the possible curvatures of the large format workpieces

that are to be joined together.
SUMMARY OF THE INVENTION

In view of the above, it is an object of the invention to provide
an apparatus for holding large format workpieces, which avoids
the use of rigid or fixed carrier systems with geometrically
determined apparatuses or devices, and thereby reduces the Com—
plexity, effort and investment in the installation technology.
A furthzer object of the invention is to achieve a flexibly adapt-
able stressed or clamped holding and support of workpieces of
various different forms and sizes using the same basic holding
apparatus. The invention further aims to avoid or overcome the
disadvantages of the prior art, and to achieve additional advan-

tages, as apparent from the present specification.

The above objects have been achieved according to the invention
in a holding apparatus for holding large format workpieces,
including plural workpiece support units that are movable along

a rall system. One set of some of the workpliece support units



10

15

20

25

CA 02367728 2002-01-16

1s arranged along one side of the workpieée, while a second set
of the other ones of the workpiece support units is arranged
along the other side of the workpiece. At least some of the
workpiece support units respectively comprise support arms that
are movable and pivotable on a support column. In order to make
space for a working machine or machine tool system such as a

riveting machine, so that the machine may carry out a work cycle

in the area of one of the workpiece support units, a minimum

number of support arms 1s movable out of the working area of the
machine, while the greatest possible number of support arms of
the respective workpiece support units continue to simultaneously
support and hold the workpiece. The holding is often referred
to as "clamping" herein, which relates to the overall clamped or
positively held and supported condition of the workpiece, but
does not require that each Support arm must actually use a clamp
to hold the workpiece. 1Instead, the holding may be achieved by
any conventionally known fixture for holding such a workpiece,
and preferably according to the invention the holding is achieved

by suction units on the support arms, while clamp members are

provided on the outermost support units.

According to further detailed features of the invention, the
outermost ones of the workpiece suppOrt units are embodied as a
respective front and rear clamping support bridges, with support
arches supported on both sides in respective support columns.
The support bridges extend archingly entirely across the Support
area for supporting the workpiece between the two. respective

support columns, while the support arms of the other workpiece
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support units each only extend partially across the width of the
support area. Clamping units and at least one fixing'unit may
be provided on at least one of the support bridges for respec-
tively clampingly holding the end edges of the workpiece and for

precisely positioning the workpiece in connection with a prede-

fined receiver hole in the workpilece.

At least one individual mounting fixture 1is provided on the
support arm of each workpiece support unit. The support arm 1s
preferably movably arranged on and connected to the respective
support column, which in turn is movable in a direction parallel
to the main machining axis or working direction. By the appro-
priate movement of the support arms, the workplece support units
provide at least one loading position and one working position,
whereby the workpiece support units are height adjustable in the
working position, 1n order- to form an access space below the
support arms or support bridges. The support arms can, individu-
ally and independently of each other, be released from the work-
piece and moved out of the working area or working range of the

machine, such as a riveting machine, so as to provide the neces-—

sary working space for the machine.

The above objects have further been achieved according to the
inventlon in a combination of the inventive holding apparatus and
a workplece machining or working machine, such as an orbital

riveting machine including an upper tool and a lower tool,

whereby the machine can move with 1ts upper tool over the work-
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plece support units, and with its lower tool between and later-—

ally past the support columns of the workpiece support units.

Still further, the above objects have been achieved according to
the 1nvention in a method of machining or working on a large
format workpiece using the'inventive comblnation of the holding
apparatus and the working machine. The workpiece support units
are moved into the loading position, in which the support arms
of the workpiece support units in at least one row are tilted
upwardly. The workpilece 1is set onto an outer load receiver and
then laild against an inner load receiver of each respective
support arm. Then the workplece is released from the workpiece
feed or supply apparatus and 1s carried only by the holding
apparatus. Thereafter, the upwardly pivoted support arms are

lowered until a contact support of the workpiece on the other row

of workpiece support units is achieved. Then the workpiece is
fixed and clamped along its lateral edges, whereby the workpiece
1s supported and held by the workpiece mounting fixtures. Thenf
while the machining or other working process such as a riveting
process 1s carried out, and the support units are in the working
position, a minimum number of the support arms is moved out of
the workingirange or zone of the tools of the working machine,
SO as to provide the necessary space for the machine to carry out
a work cycle in the area of one of the support arms, while the

greatest possible number of the remaining support arms simulta-

neously continue to support the workpilece.
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The apparatus and the method according to the invention make it
posslible to react and correspondingly adapt the apparatus and the
method flexibly to varying requirements during the fabrication
or assembly process, for example a readjustment to different
workpiece dimensions or the like. It also becomes possible to
reduce the mounting, rigging or setup time. The following advan-—
tages are also achieved: avoiding the use of a carrier system,
and especlally a fixed carrier system; avoiding the use of sub-
systems; 1mproving the ergonomics of the mounting or rigging
processes; 1ncreasing the flexibility and adaptability of the
clamping support system, for example using a tower or column
pbased solution; using additional possible auxiliary axes; and
belng able to handle a large spectrum of workpieces with the
largest possible dimensions, for example in terms of the spheri-

cal dimensions or the bulging or humping dimensions of the work-

pieces.
BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be clearly understood, it will
now be described in connection with example embodiments, with

reference to the accompanying drawings, wherein:

Fig. 1 1ls a perspective overall view of a holding:apparatus

accordlng to the invention;

Fig. 2 1s a perspective overall view of the inventive holding

apparatus in combination with a working machine or
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machine tool syStém, partiCularly an orbital riveting

machine;

3A is a top view of the holding apparatus according to

Fig. 1;

3B is a side view of the holding apparatus according to

Fig. 1;

47 and 4B are respectively a top view and an end view of
a first workpiece support unit at a front end of the

holding apparatus, embodied as a front bridge support;

4C and 4D are respectively partially sectioned side views

as indicated by arrows IVC and IVD in Fig. 4B;

5A and 5B are respectively a top view and an end view of

"an eighth workpiece support unit at a rear end of the

holding apparatus, embodlied as a rear bridge support;

5C and 5D are respectively partially sectioned side views

as indicated by arrows VC and VD in Fig. 5B;

6A and 6D are respectively a top view and a side view of

one of the workpiece support units along the middle

range of the inventive holding apparatus, between the

end bridge supports;
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and 6C are two opposite end views of the workpiece
support unit of Fig. 6A, respectively in a loading

position and in a retracted positilon;

and 6F are respective opposite end views of the work-

piece support unit shown in Fig. 6D;

7B and 7C are respectively a side view, an end view,
and a top view of a clamping unit as a component of

one of the workpiece support units;

8B and 8C are respectively a side view, an end view,
and a top view of a fixing unit as a component of one

of the workpiece support units;

9B and 9C are respectively a side view, an end view,
and a top view of an outer suction unit as a component

of one of the workpiece support units;

10B and 10C are respectively a slide view, an end viliew,

and a top view of a tiltable or pivotable suction unit

as a component of one of the workpiece support units;

11B and 11C are respectively a side view, an end view,
and a top view of an outer load receiver as a compo-

nent of one of the workpiece support units; and
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Figs. 12A and 12B are respective detail views of the detail
portion XII in Fig. 11B, resper:tively for a minimum
workpiece arch contour, and for a maximum wc}rkpiece

arch contour.

DETAILED DESCRIPTION OF PREFERRED EXAMPLE EMBODIMENTS AND OF THE
BEST MODE OF THE INVENTION

Fig. 1 shows a general overview of a holding apparatus 10 accord-—
ing to the irivention, for holdiling l'arge format workpieces, for
example, curved metal skin sheets that are to be assembled to-
gether for producing the outei:‘ skin fields or sections for fuse-

lage shells or similar workplieces of an aircraft. In general,

the term large format workpiece relates to a workpiece that has
large area dimensions in comp.arison to a rather small thickness.
For example, the fuselage skin fields. that are to be produced can
have dimensions up to approximately 11l m x 3 m in connection with
the manufacturizig of a cbzmnercial passenger transport alircraft.
In addition.to the skin sheets, longitudinally extending string-—
ers are to be Joined (e.qg. fivetad) onto the skin sheets fto form

cylindrically or spherically curved workpieces.

e

The holding apparatus 10 1s embodied as a flexible clamping
support Jjig system that can be adapted to c¢lampingly hold and
support a great varlety of different sizes and configurations of
large format workpleces so that the redulred machlnl‘ng or worklng
operat:.ons can be performed thereon. Such machining or .wo:r:k:x_ng

operations may, for example, include milling, boring, grinding,
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reaming, riveting, welding, adhesive application, surface clean-
ing, and the like. The various types of workpiece machining or
processing that can be carried out once the workpiéce 18 sup-—

ported by the inventive holding apparatus 10 is not limited.

The holding apparatus 10 comprises a plurality of workpiece
support unifis, for example in the illustrated embodiment, a total
of eight workpiece support units 1 to 8. The workpiece support
units 2 to 8 are movably arranged and supported on a 'rai‘l system
including piural, e.g. four, rails 11, and can thereby be flexi—'
bly cSr adaptably moved and positioned along the rails ll:depend-—'
ing on the particular .application. The rail system 11 is prefer-
ably secured to the floor'of an assembly hall or the like, and
extends longitudinally aldng-amaintransport or motion direc-—
tion, which is identifiéd as the X-direction by the coordinate
system indicated in Fig. 'l. Thereby, the workpiece support units
1 to 8 are each individually and _independently movable along the
rails 11 in the X-direction. To‘.a{:hieve this motion in{a poweared

manner, each of the support units may include any known'motors,

actuators or the like, and mechanical drive systems ccroperating

therewith. | :

!
:
1

The outermost workpiece support units 1 and 8, reépectively

located at a front end and a rear end of the apparatﬁs 10, re-—

spectively include cla;nping support bridges 12 and 13 that arch-

lngly span across the width of the apparatus 10 from one side to

the other side thereof, and which are each respectively;suppo.rted

by support columns or stands 15 at the two opposité sides
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thereof. On the other hand, the inner workpiece support units
2 to 7. located inwardly from the front and rear ends of the
apparatus 10, each respectively comprise an individual workpiece
support arm 14 that 1s respectively movably supported on only one
side (i.e. at only one end thereof) on a support -column or

stand 15.

A first set of the inner workpiece support units 2, 4 and 6 is
arranged on one side, and a second set of the inner workpiece
support units 3, 5 and 7 is arranged on the opposite side of the
apparatus 10. The workplece support units of the first set 2,
4 and 6 are positioned altefnately staggered or interleaved with
the workpiece support units of the second set 3, 5 and 7, along
the longitudinal X-direction as shown especially in Figs. 1 and
3A. The essential details of the workpiece support units 1 to
8 are shown and described more exactly in connection with Figs.
4 to 12, whereby each of these Figs. 4 to 12 includes several

subfigures, such as Fig. 4 including subfigures 4A, 4B, 4C

and 4D.

Fig. 2 shows a machining or tooling system, i.e. working machine
16, including an upper tool 17 and a lower tool 18, combined and
coupled with the inventive holding apparatus 10, in order to

machine or work on large format workpieces, for example cylindri-
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working machine or riVeting machine 16 1s supported separately
from the holding apparatus 10 on a second rail system including
rails 11A, that also extend parallel to the main longitudinal

axls of the apparatus in the X-direction, i.e. parallel to the

rail system 11.

The upper tool 17, here the upper or outer riveting tool 17, is
arranged and movably supported by appropriate guides on a semi-—
clrcular arch 19 of which: the two opposite ends are movebly
supported on the rail system 11A. Thereby, the upper tool 17 is
movable in the X-direction by moving the arch 19 along the rail
system 11A, and 1s movable in an orbital or circumnferential
direction around the X-axis by moving along the arch 19, \for
carrying out the required working process such as a riveting
process. The lower tool 18, here the lower or inner riveting
tool 18, is positioned within and below the arch 19, preferably
in the area of the circular arc center point of the arch 19. The
upper tool 17 and the lower tool 18 cooperate with each other for

carrying out a riveting process at respective prescribed rivet
locations in sequence. Positioning the tools 17 and 18 at a

respective rivet location, and controlling the progression of a

riveting process, are carried out by a program control, for

example numerical control (NC) programs, which thereby realize

a substantially automated riveting operation.

Simultaneously, the control of the riveting tools 17 and 18 can
be coupled to the control of the holding apparatus 10. Thereby

1t is possible to recognize any conflicts or interferences that
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would arise between components of_the'holding apparatus 10 and
components of the riveting machine 16, timely before such inter-—
ferences ox .conflicts actually cause a collision probl:em, and
tﬁen to resPonsively move the affected support arm or arms 14 out
of the working area of the riveting machine 16. The overall
control computer that carries out these control functions is
arranged in a computer control station 20, from which monitoring
and control functlons can also be carried out by a worker, for
example through manual Iinputs in an operating console or the
like. Control lines (e. g. eléctrical,or'optical conductors or
a wireless remote control 1link) connect _thé computer control '
station 20 to the various actuators, motors, and the like in each

of the support unilits.

The working machine 16 such as a riveting machine 16 is 'config-
ured and arranged in such a manner that the upper tool 17 can be
freely moved over the workpiece support unlits 1 to 8 by moving
the arch 19 aiong the rail system 114, whilé the lower tool 18
can be moved freely between and l.ater‘ally past the workpliece
suppbrt units 1 to 8 and particularly the support .”columns 15
thereof_ (namely laterally between' the support columns 15 on one
side and the support columns 15 on the other side of the iappara~—
tus 10). In this regard, the lower tool 18 can move along a
further longitudinal rail in the X-direction on the floor of the

assembly hall, for example.
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As mentioned above, the workpiece support units 1 to 8 are ar-
ranged 1n an alternating or staggered fashion in two rows paral-
lel to the main motion direction X on the two opposite sides of
the apparatus 10, whereby two longitudinally extending rows of
working zones or clamping support zones are formed. The work-
plece support units 1 to 8 are embodied and controlled by the
computer control station 20 in such a manner, so that a predeter-
mined number of these units can be selectively moved out of the
working area of the machiné 16 as requlred, 1n order to provide
the required free clearance space for the machine 16 to carry out
1ts work cycle in the area of one of the above mentioned clamping
support zones, l.e. 1n the area of one of the s.upport arms 14 of
the workpiece support units 2 to 7. Meanwhile, the greatest
possible number of the clamping units simultaneously remains in
position to hold and support the workpiece. 1In other words, only
the particular support arm or arms 14 that is/are 1n the way of
the respective working operation of the machine 16'is/are moved
out of the way while all of the other support arms 14 continue
to support the workpilece outside of the immediate area at which

the machine 16 is carrying out its working operation at any given

time.

Figs. 3A and 3B respectively show a top view and a side view of
the holding apparatus 10, whereby especially the arrangement of
the workpiece support units 1 to 8 relative to each other, as
well as the position of the large format workpiece :-21 in 1its
clampingly supported condition, are clearly shown. The front

clamping support bridge 12 is rigidly fixed in relation to the
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rail systems 11 and 11A, and thereby forms a fixed reference
point for coordinating the coordinate systems of the holding
apparatus 10 and the working machine 16. The front and rear
clamping support bridges 12 :and 13 respectively fix and clamp the
front and rear end edges of the workpiece 21. On the other hand,
the workpiece support arms 14 fix and support the workpiece 21
from below on the bottom surface thereof via individual mounting
fixtures 22, which are embodied as suction fixtures that hold the

workpiece 21 by means of a suction force in the present example

embodiment.

In Figs; 1, 2, 3A and 3B 1t can be seen that the workpiece sup-
port units 1 to 8 of the holding apparatus 10 are arranged in
such a manner that the entire space and especially the assembly
hall floor under and between the workpiece support units 1 to 8
is freely accessible during the working or machining process.
Moreover, an access alley or space 1s provided longitudinally
along the center plane of the apparatus 10 in the middle between
the two rows of units 1 to 8, which allows a worker to walk

essentlially upright along this clear space or alley.

In each support zone of the holding system, a respective one of

the support units 2, 3, 4, 5, 6 or 7 is arranged and provided

with a respective support arm 14, which in turn is respectively
equipped with one or more individual mounting fixtures 22 (see
for example the suction unit 28 in Flg. 9). Each support arm 14
1s movably arranged on a respective support column or stand 15

that 1s movable along the rail system 11 parallel to the main
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longitudinal machine axis or direction X. Each individual sup-
port arm 14 in each respective working or support zone can be
released from supporting the workpiece 21 and simply moved away
from the working zone or retracted into its associated support
column or stand 15, 1ndependently of the other support arms 14,
so that thls retracted support arm 14 no longer protrudes into
the working 2zone or area of the machine 16. The individual
mounting fixtures 22 are respectively movable along thé length‘
of the respective associated support arm 14 and further comprise
respective workpiece support elements 23 (such as the suction

head 281 shown in Fig. 9) that are respectively movable in

height, i.e. in the Z-direction.

For individual identification, the support columns 15 of the
several support units 1 to 8 are respectively identified with
reference numbers 151 to 158 in Fig. 3A. The support columns or
stands 151 and 151' of the front support unit 1 carrying the
support bridge 12 are rigidly fixed relative to the rail system
l.l, as mentioned above. On the other hand, the rearmost support
columns 158 and 158' of the support unit 8, and the intermediate
support columns 152, 153, 154, 155, 156 and 157 of the intermedi-
ate support units 2 to 7, are each individually movable in the

X-direction along the rails 11. Thereby, the support columns 152

to 157 can be.moved toward:the left in Fig. 3A along.the ralls
11, past the front support collimns 151 and 151' so as to 'be taken
out of the working zone of the machine 16.' For this purpose, the
front support columns 151 and 151 are laterally narrowér or less

deep than the support columns 152 to 158, to allow clearance for
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the other support columns 152 to 157 to move past the columns 151

and 151' along the rails 11.

In this manner, the number of the support units 2 to 7 being used
for supporting any given workpiece 21 is variable and can be
selected to meet the requirements of any particular application,
e.g. dependent on the size, stiffness, and configuration of the
respective particular workpiece 21 to be supported, as well as
the machining forces that will be applied to the workplece 21.
With such a flexible arrangement of workpiece support units 1 to
8, 1t 1s possible to avoid a complicated and time consuming
reconfiguration or retooling of the support equipment for adapt-
lng it to various workpiece sizes, and to avoid the use of spe-
cialized type-specific and geometry-specific apparatuses and

devices.

The four views of Fig. 4, namely Figs. 4A, 4B, 4C and 4D, respec—
tively show a top view, a rear end view, and two partially sec-—
tioned side views of the front support unit 1 which includes the
front support bridge 12 comprising a support arch 121 that ex-
tends between and is supported on both of its ends on the support
columns 151 and 151'. These support columns 151 and 151', and
therewith the support bridge 12, are fixable on the assembly hall
floor, in order to thereby provide a reference point for the
workpiece coordinates and the tool coordinates. The support arch
121 1s vertically movable along the support columns 151 and 151" /
namely to be movable upwardly and downwardly in the Z-direction,

in order to facilitate a loading process of loading a workpilece

= 19 -
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into the apparatus, or to make it possible to establish various
different working heights of the machine 16 by Supporting the
workpiece at any selected height. 1In order to allow the lower
tool 18 to move under the support arch 121 so as to access the
underside of the workpiece 21 during the machining or working
process, the support arch 121 is generally moved to a working
position at or near the top end of the range of vertical motion
near the top of the support columns 151 and 151', as illustrated
in Fig. 4B. The position illustrated with dashed lines is the

loading position.

Plural clamping units 24 as well as one fixing unit 25 are ar-
ranged on the support arch 121. When first laying the workpiece
21 onto the holding apparatus 10, the fixing unit 25 serves to
achieve a first positioning and orienting in the X-direction and
the Y-direction of the large format workpiece 21 at a defined
fixed point. For this purpose, an alignment pin 255 may, for
example, be positioned into a receiving hole (not shown) of the
workpiece 21, defining a fixed point on the workpiece 21. Then,
the workpiece 21 is clampingly held along 1its front edge by the
clamping units 24, which are each suitably positionable along a
guide rail 26 on the support arch 121. The respective clamping
heads 241 and fixing head 251 of the clamping units 24 and the

fixing unit 25 are adjustably movable in such a manner so that

_..20_..
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ing unit 24 and the fixing unit 25 will be described below in

connection with the several subviews of Figs. 7 and 8.

With views generally similar to Figs. 4A, 4B, 4C and 4D, Figs.
oA, 5B, 5C and 5D similarly show the rear-most support unit 8
comprising the rear support bridge 13 Which includes a support
arch 131 spanning between and being supported at the two opposite
ends thereof on two support columns 158 and 158'. The support
arch 131 can be moved vertically in the Z-direction along the
support columns 158 and 158', to be moved to the loading position
illustrated with dashed lines in order to simplify the process
of loading a workpiece, or into the working position illustrated
with solid lines, which is compatible with the working height of
the machine 16 and which allows the lower tool 18 to move in the
X-direction below the support arch 131. This motion can be
carried out individually or synchronously with the movements of
the support arms 14 and/or the support bridge 12 of the other
support units. Preferably, the sequence or progression of the
motions of the various workpiece support units and particularly
the support arms 14 and the support bridges 12 and 13 thereof is
carried out and controlled in a computer supported manner, from
the computer control station 20. Plural clamping units 24 as
well as one fixing unit 25 are arranged on the support arch 131,

whereby the structure and functions thereof respectively corre-

scribed above. Further details will be described below in con-

nection with the subviews of Figs. 7 and 8.
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The several subviews of Fig. 6 show the support unit 3 as a
representative example of any one of the inner support units 2,
3, 4, 5, 6 or 7. Each of these support units respectively com-
prises a support arm 14 movably supported on a support column 15.
While Figs. 6A and 6D respectively show top and side views of the
support unit 3, Figs. 6E and 6F show respective opposite end
views of the support unit 3 in a working position. Fig. 6B shows
the support unit 3 in a loading position with the support arm 14
pivoted or tilted upwardly to receive a workpiece being loaded
thereon, while Fig. 6C shows the retracted position or so-called
park position with'the support arm 14 entirely retracted inside

the housing or enclosure of the support column or stand 15.

In the end views of Figs. 6E and 6F, respective double-ended
arrows show respective degrees of freedom of linear motion of the
support arm 14 and its components relative to the support column
15. As already mentioned in connection with the support bridges
12 and 13, all of the support arms 14, as well as the support

bridges 12 and 13, can be moved independently alone or synchro-

nously with each other in height in the vertical Z-direction,
both upwardly and downwardly as needed, in order to achieve an
ergonomic loading height and/or to achieve an optimal working
height for the machine 16. Furthermore, the support arm 14 is
connected to the column 15 by means of a support beam or element
32, which further enables a linear motion of the support arm 14
in the Y-direction, as well as a pivoting motion about a pivot
axls 33 (see Fig. 6A), whereby this pivoting motion can be seen,

for example, by comparing Figs. 6B, 6E and 6C. With these ftree-
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doms of motion, the pivot arm 14 can be fully folded and com-
pletely retracted into a park position, as shown in Fig. 6C, for
example when it is not being used or to keep it out of the way
of other equipment such as the machine 16, or can be pivoted
upwardly about the pivot axis 33 into a nearly vertical upright

loading position for receiving a new workpiece as shown in

Fig. 6B.

For loading a workpiece into the apparatus 10, the support arms
14 of one row of the support units (e.g. support arms 143, 145
and 147 1in Fig. 3A) are pivoted upwardly about their respective
pivot axes 33 in synchronism with one another, to facilitate
loading of a vertically supplied workpiece thereon. In the
l1llustrated embodiment, the loading of a workpiece is usually
carried out from one side of the apparatus, so that the support
arms 143, 145 and 147 on this side, i.e. of this associated
support row, are respectiveiy provided with respective telescop-
ing arm extensions 29, which can be telescopically extended, in
order to support the workpiece over a greater width and particu-
larly extending over the middle or center line of the workplece.
The telescope arm 29 is extendable out of the head or free end
of the respective support arm 143, 145 or 147 to a length corre-

sponding to the respective size of the workpiece to be loaded.

In addition to the telescope arm 29, each one of the support arms
143, 145 and 147 is further provided with respective load receiv-

ers 30 and 31. The inner load receiver 30 is provided in the

area of the head or free end of the telescope arm 29 for support-

_23...
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ing the workpiece 21 at this location. The inner load recelver
30 is thus embodied as a contact support point or workpiece
contact surface. On the other hand, the lower outer edge of the
workpiéce 21 1s supported and fixed on the outer load receiver
31. Further detaills regarding the outer load receiver 31 are
shown and will be described below in connection with Fig..ll.
Generally, the outer load receiver 31 is arranged on the support
arm 14 in a toothed rack or rack and pinion guide 34, which may
also comprise a gear rack drive 34. 1In this manner, the outer
load recelver 31 can be.flexibly or adjustably moved and posi-
tioned correéponding to the size of the workpiece 21 that is to
be received and loaded. The load receivers 30 and 31 may be pre-
adjusted depending on the workpiece size, workpiece geometry, and
desired position of the workpiece on the holding system, either
manually, in a motor driven manner, or by means of a numerically

controlled workpilece programming.

By means of the support arms 143, 145 and 147 and their respec-
tive associated telescoping arm extensions 29, the vertically
supplied workpiece 21 Can be supported and held alone by the
holding apparatus 10, without further relying on any support _from
the transport means (e.q. an overhead crane) that was used to
gulde or supply the workpiece. Once the workplece 21 is arranged
and held on the support arms 14, i.e. the support arms 143, 145
and 147, then the workpiece can be released from the crane, and
the support arms can be pivoted downwardly about their respective
pivot axes 33 so as to pivot the workpiece from the substantially

vertical loading position into the substantially horizontal
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clamping or fixing position. In this position, the workpiece is
secured and supported by means of the individual mounting fix-—
tures 22, which are embodied as individual suction units 28 in
the 1llustrated embodiment. Details regarding the suction units

28 are shown and described in connection with the subviews of

Figs. 9 and 10.

The embodiment of the support arms 143, 145 and 147 with tele-—
scope arms 29 as well as with the load receivers 30 and 31 in
only one support row, i.e. only on the support units on one side
of the holding apparatus 10, 1is specific to or dependent on the
particular workpiece. 1In other embodiments of the invention it
1s possible to equip each support arm 14 with a respective téle—
scoplic extension and/or with load receivers. With such an ar-
rangement, for example, narrower workpileces can be loaded from
both sides of the holding apparatus 10, for example a respective
workpiece with a width equal to or less than one half of the
working width of the machine can be loaded onto the support units
2, 4 and 6 on one side, and another similar narrOW'workpiece can
be loaded onto the support units 3, 5 and 7 on the other side of

the holding apparatus 10, to then be lowered from both sides

respectively into the working position.

The several subviews of each of the Figs. 7 to 11 show important
components of the workpiece support units 1 to 8, such as the

clamping units, fixing units, suction units, and load recelivers,

as 1i1ndividual details.
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Figs. 7A, 7B and 7C respectively show side, front and top views
of the clamping unit 24, which is mounted on the support bridge
12 or 13 (see Filgs. 4 or 5), and which is driven and positionable
along the respective bridge 12 or 13 on a gear rack or rack and
pinion drive provided on an arcuate guide rail 26A of the respec-
tive support bridge 12 or 13. The clamping unit 24 includes a
base body 242, which serves as a carrier for the necessary compo-
nents for the drive and the necessary control lines for the
control positioning of the clamping unit 24, as well as a clamp-
ing head 241 arranged oh the base body 242. An adjusting drive
or actuator drive 243 embodied in the form of a spindle drive is
provided to enable an adjustment of the clamping head 241 in the
vertical Z-direction. A further adjusting or actuator drive 244
1s provided to achieve an adjusting movement of the clamping head
241 1n the longitudinal X-direction. A pneumatic cylinder 245
1s provided to pivot the clamping head 241, and to carry out a

stroke for generating the required clamping force via the clamp-

ing head.

Figs. 8A, 8B and 8C respectively show a side view, a front viéw;
and a top view, of a fixing unit 25 which may be provided on the
front or rear support bridge 12 or 13. The positioning of the
fixing unit 25 on the support bridge 12 or 13 is achieved vié an
arcuate guide, for example an arcuate guidé rall 26B preferably
provided with a gear rack guide or a rack and pinion drive. The
fixing unit 25 comprises a base body 252, on which the fixing
head 251 of the fixing unit 25 is arranged via an outrigger or

extension arm 254. An alignment pin 255 is provided on the
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fixing head 251 and is adapted to be ihserted into a recelving
hole provided at a predefined location of a workpiece 21 sO as
to fix the position of the workpiece 21. 1In order to reach any
point along a workpiece clamping or holding area 27, the fixing
5 unit 25 and especially the fixing head 251 thereof can carry out
not only the adjusting movement in the Y-direction, but also a
moving adjustment in the Z-direction by means of an adjusting or
actuator drive 253. The fixing head 251 1tself is pivotable in
two directions about numerically controlled axes 1in order to be

10 optimally adapted to any given contour of a specific workpiece.

A preferred example of an individual mounting fixture 22 provided

on any one of the support arms 14 is embodied as a suction unit

28, as shown in the several subviews of Figs. 9 and 10. The
suction unit 28 comprises a base body 282, on which a suction

15 head 281 as a particular embodiment of a workpiece.support ele-
' ment 23 1s arranged, mounted, or adapted. The suction unit 28

1s movable and positionable along the respective support arm 14

by means of a gear rack or rack and pinion drive 34, as also
shown in Fig. 6. An adjusting motion in the Z-direction is

20 achleved by means of an adjusting or actuator drive 283. An air
line 284 supplies pressurized air to the suction head 281, 1in
order'to form a pressurized air cushion between the suction head

281 and the workpiece 21 to allow the workpiece to be "float-
ingly" moved and positioned on the holding apparatus 10 before

25 belng clamped and secured thereon. Furthermore, the suction unit
28 1ncludes an ejector 285 to which the pressurized air may be

supplied to create a vacuum or negative pressure suction that is
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applled to the suction head 281 to generate the necessary suction
force between the suction head 281 and the workpiece 21 for

securing and holding the workpiece 21 on the suction unit 28.

Fig. 10, with its three subviews, shows the suction head 281 as
an enlarged detail, whereby the suction head 281 may be connected
by means of an adapter to the base body 282. 1In ordér to opti-
mally adapt the suction head 281 to the cylindrical or spherical
curvature of the workpiece 21, the suction head 281 includes a
hemispherical cup 286 as well as seal lips 287 thereon to achieve
an airtight suction seal between the suction head 281 and the
workpiece 21. In further embodiments of the invention, the
individual mounting fixture 22 may comprise, as an alternative
to a suctlon unit 28, a receiver unit that includes workpiece
contact polints or other mechanical holding elements, grippers,
clamps, screw—-in mounting studs, hooks, magnetic holding ele-
ments, or the like, according to any conventionally known teach-

ings, rather than a suction head 281 of the above described

suction unit 28.

The several subviews of Figs. 11 and 12 show the outer load
receiver 31 as a separate detail. The load receiver 31 includes
a base body 312 with the load recelving head 311 arranged
thereon. The load receiving head 311 can be moved or adjusted

in its vertical height by means of a suitable actuator or adjust-

ing drive 313, and is pivotably supported in a journalled or

gimbaled manner. The load receiver 31 1s movable and position-

able along the respective support arm 14 on a geared rack or rack
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and pinion guide or drive 34. The specific positioning of the
locad reéeiving head 311 is carried out dependént on the size of
the workpieée. Clamping jaws 314 are provided on £ﬁe load re-
c.ei‘vin-g head 311, and serve to securely clampingly hold the
workpiece 21 on a contact edge 315 after the'workpiece 21 and the
load receiver 31 haye been properly positioned. Note thgat FigS.
iZA and 12B show two diflferent examples with workpleces 21 having
different degrees of curvature, whereby the clamping jaws 314 are
accordingly adjusted to hold the workpiece 21 at the appropriate

curvature or slope angle.

As an example, a process of loading, positioning, and then se-
curely holding a large format workpiéce onto the inventive flexi“
ble holding apparatus 10 can be carried out in the following
manner. The large format workpiece 21 is supported in a substan-—
tially 've_rtié:al orientation and delivéred to the holding appara-—
tus 10 by an overhead crane or.the like. To carry out the loading
process, the support arms 143, 145 and 147 of one holding side
that are provided with load receivers 30 and 31 are pivoted up
into the loading position. Then, the wbrkpiece 21 1s lowered by
the overhead crane, so that the lower side edge of the workpiece
21 is set onto the contact edge or corner 315 of each rés.pective
outer load receiver 31 so that the Wworkplece 21 rests thereon.
The telescope arm 29 is extended to the appropriate length from

each support arm 143, 145 and 147, and the respective inner load

center line of the workpj’]ece. At this time, the workpiece 21 can

..29......
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be released from the overhead crane, and the workpiece 1is then
completely supported by the row of support units 3, 5 and 7 via

the support arms 143, 145 and 147.

Next, the support arms 143, 145 and 147 are tilted or plvoted
downwardly from the loading position into the clamping or support
position, in which the opposite located support arms 142, 144 and
146 of the other support side or zone have already been posi-
tioned and are waiting. Thus, once the support arms 143, 145 and
147 have been lowered to the support position, theworkpiece 21
will be supported over its entire surface by the cooperation of
all of the support arms 142, 143, 144, 145, 146 and 147. At this
time, compressed air is provided to the suction heads 281 of the
suction units 28 so that the workpiece 21 is "floatingly" eup—
ported and can be slidingly shifted thereon for positioning'the
workpiece. For this purpose also, the alignment pins 255 of the
respective fixing units 25 provided on the support bridges 12 and
13 are inserted into respective corresponding receiver holes of

the workpiece 21 in order to fix the proper position of the

workplece.

After the alignment pins 255 have been fixed in this manner, the
workpiece 21 is clampingly held at its front and rear edges by
means of the clamping units of the support bridges 12 and 13.
Also, the suction units 28 of the Support arms 14 are switched
to suction operation to securely hold the workpiece 21 by suction

thereto. In order to provide accessibllity for the lower tool
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riveting locations), the support bridges 12 and 13 as well as the
support arms 14 are synchronously moved in the Z-direction into
the working position. Then, the actual working process, such as
the riveting of the workpieces, can be carried out as described
above 1in connection with Fig. 2. It should be understood that
a plurality of separate workpieces can each be loaded and sup-
ported on the present holding apparatus in succession next to one
another, so that these several workpieces can then be riveted

together once they are held by the apparatus.

As the working machine 16, such as a riveting machine 16, carries
out its riveting process at successive rivet locations, one or
more of the respective support units 2 to 7 can be operated
independently as needed to release their respective support arm
14 from the workpiece 21, and then to move away from the respec-
tive active working area of the machine 16, in order to glive the
machine 16 the required space for carrying out its work cycle in
the area of the support that was provided by that respective
support arm or arms 14. Nonetheless, at the same time, the
largest posSible number of the other support units remain in

place and continue to support the workpiece 21. Once the rivet-

supporting the workpiece, and a next support arm in a next in-
tended working zone is released from the workpilece and moved out
of the way of the riveting machine. In this way, the support
arms are respectively individually moved successively into and

out of their workpiece supporting positions, as the riveting
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process carried out by the riveting machine progresses to succes-

sive corresponding working or riveting zones.

All movements of the support units as well as theiricomponents
are controlled and coordinated by means of one or more suitable
5 numerical controls, for example embodied in control programs in
the computer control station. This makes it possible :to achileve
a synchronous motion of the individual support units and their
components, but also an.independent movement of any Single one
of the support units and its components, in a substantially fully
10 automatic manner. All of the motions of the various components
can be driven by any conventionally known motors or actuators of

any kind, for example including pneumatic, hydraulic and electric

motors and linear actuators.

Although the invention has been described with reference to
15 specific example embodiments, it will be appreciated that‘it 18
intended to cover all modifications and equlvalents within the
scope of the appended claims. It should also be understood that

the present disclosure includes all possible combinations of any

individual features recited in any of the appended claims.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows.

l. A holding apparatus for holding large format workpieces
to be worked on by a machine, said apparatus comprising:

an apparatus rail system including first and second rails
extending parallel to each other in a longitudinal direction;

a first row of workpiece support units that are each movably
arranged on said first rail to be independently movable
therealong in said longitudinal direction; and

a second row of workpiece support units that are each
movably'arrangedon'said second rail to be independently movable
therealong in said longitudinal direction;

wherein:

each one of salid workpilece support units of said first row
and of sald second row respectively comprises a respective
support stand that 1s movably arraﬁged on a respective one of
salid rails to be independently movable therealong in said
longitudinal direction, and a respective workpiece support arm
that has a supported end pivotably connected to said support
stand so as to be independently vertically pivotable relative
thereto, and that is adapted to support at least one workpiece;

a4 workpiece space adapted to receive at least one workplece
1s formed between said support stands of said first row of said
support units and said support stands of said second row of said

support units;

each sald support arm has a free unsupported end opposite

sald supported end;
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sald support arms extend crosswise relative to said
longitudinal direction into said workpiece space with said free
unsupported ends respectively oriented toward the opposite one
of said rows of sald support units; and

each one of said support arms can be moved, 1ndependently
of the other ones of said support arms, away from the at least
one workpiece, to provide an unobstructed working zone for the
machine to work on the at least one workpiece in said working

Z0I5e.

2. A holding apparatus for holding large format workpieces
to be worked on by a machine, said apparatus comprising:

an apparatus rail system; and

a plurality of workpiece support units including a
respective first set and a respective second set of said support
units that are each movably arranged on said rail system, with

a Wworkpliece space adapted to receive at 1least one of the

- workpleces between said first set and said second set of said

support units;

whereln each one of said support units of said first set and
of salid second set respectively comprises a respective support
arm that 1s linearly movable and pivotable,'and that 1s adapted
to hold at least one of the workpieces; and

wherelin at least a selected one of said support arms of said
support units can be moved away from the at least one workpiece
and out of a respective selected working zone of the machine to

allow the machine to work on the at least one workplece in the

selected working zone, while the remaining ones of said support
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arms other than said at least one selected support arm that are
not in the selected working zone continue simultaneously to hold

the at least one workpilece.

3. The holding apparatus according to claim 2, wherein
sald at least one selected support arm, which would otherwise be
in the way of the machine while the machine is working on the at
least one workpilece 1in salid respective selected working zone,
can, 1ndependently of the other ones of salid support arms,

release the at least one workpiece and move out of the way of the

machine.

4. The holding apparatus according to claim 2, wherein said
at least one selected support arm consists of the minimum number
of sald support arms necessary to vacate said selected working
zone, and saild remaining support arms consist of the maximum

number of said support arms that do not obstruct said selected

working zone.

5. The holding apparatus according to claim 2, wherein said
first set of sald support units is arranged as a first row of
sald support units forming a first support zone, said second set
of said support units is arranged as a second row of said support
units forming a second support zone, and said rows extend

parallel to each other in a longitudinal direction that is

parallel to a main motion axis of the machine.
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6. The holding apparatus according to claim 5, wherein said
support units of said first row are staggered alternately with
sald support units of said second row in said longitudinal

direction.

7. The holding apparatus according to claim 2, wherein said
rall system comprises rails extending parallel to each other in
a longitudinal direction, each one of said support units
respectively further comprises a respective support stand that
1s movably arranged on a respective one of said rails to be
movable therealong in said longitudinal direction, and said
support arm of each respective one of said suppor—t' unlits 1s
pivotably connected to and supported by said support stand of

sald respective support unit.

8. The holding apparatus according to claim 7, wherein said
support arm of each respective one of said support units is
pivotable and retractable into a retracted position completely

within said support stand of said respective support unit.

9. The holding apparatus according to claim 2, wherein said
plurality of workpiece support units further includes first and
second outer support units arranged with said first set and said
second set of said support units therebetween, wherein each one
of sald outer support units respectively comprises a first

support stand arranged on a first side of said workplece space

together with said first set of said support units, a second

support stand arranged on a second side of said workpiece space
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together with saild second set of said support units, and a

support bridge arch that extends across said workpiece space and
1s supported at two opposite ends thereof on said first and

second support stands.

10. The holding apparatus according to claim 9, wherein at
least one of sailid outer support units further comprises a
clamping unit arranged on said support bridge arch and adapted

to clampingly hold an edge of the at least one workpiece.

11. The holding apparatus according to claim 9, wherein at
least one of said outer support units further comprises a fixing
unit arranged on said support bridge arch and adapted to

cooperate with a receiver hole of the at least one workpiece to

fix a position of the at least one workpiece.

12. The holding apparatus according to claim 9, wherein at
least sald first outer support unit is arranged clear of said
apparatus raill system so that said support units of said first
set and of sald second set can be selectively moved along said
apparatus rall system past said support stands of said first
outer support unit while said support stands of said first outer
support unit remain stationary, so as to vary the number of said

support units of said first set and said second set that are to

pe used for supporting the at least one workpiece at any time.

13. The holding apparatus according to claim 9, further

comprising a controller and control lines connecting said




CA 02367728 2002-01-16

controller to said support units of said first set and said
second set and to sailid first and second outer support units, so
as to independently or synchronously move said support arms and

sald support bridge arches selectively upward or downward.

14. The holding apparatus according to claim 2, wherein said
support arms of said support units are vertically movable between

a loading position and a working position, and to selectively

form a clear passage space below said support arms.

15. The holding apparatus according to claim 2, wherein each
one of said support units further respectively comprises a pivot
axls about which said support arm thereof is pivotable into an
upright position adapted to have the at least one workpiece in

a vertical orientation loaded thereon.

l16. The holding apparatus according to claim 2, wherein at
least one of said support units further comprises an individual

mounting fixture arranged on said support arm thereof and adapted

to hold the at least one workpiece.

17. The holding apparatus according to claim 16, wherein
said support units are movable along said rail system 1n a
longitudinal direction, said mounting fixture is movable along
sald support arm on which said mounting fixture is arranged 1n
a direction extending crosswise relative to said longitudinal

direction, and said mounting fixture comprises a fixture body and
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a workplece holding element that is connected to and vertically

movable relative to said fixture body.

18. The holding apparatus according to claim 16, wherein
said mounting fixture comprises a suction unit including a
suctlon head to which pressurized air may selectively be supplied

to form an alr cushion between said suction head and the

workpliece so as to floatingly support the workpiece thereon, and
to which a suction may selectively be applied to generate a

suction force for holding the workpiece thereon.

19. The holding apparatus according to claim 2, further
comprising first load receivers that are respectively adjustably
arranged near pivotally supported ends of said support arms of
at least one of said sets of said support units and that are
positioned, configured and adapted to receive and support thereon

an edge of a workpiece that 1is supplied in a vertical

orientation.

20. The holding apparatus according to claim 19, further

comprising second load receivers that are respectively adjustably

positioned, configured and adapted to receive and support a major

surface of the workpiece thereon.

21. The holding apparatus according to claim 20, further

comprising a controller and control lines connecting said
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controller to said support units having said first and second
load receivers, wherein said controller is adapted to adjust said
first and second load receivers dependent on a size, geometry or
desired position of the workpiece to be loaded thereon before the

workplece 1s loaded thereon.

22. The holding apparatus according to claim 2, further
comprising second load receivers that are respectively adjustably
arranged near free unsupported ends of said support arms of at
least one of said sets of salid support units and that are

positioned, configured and adapted to receive and support a major

surface of the workplece thereon.

23. The holding apparatus according to claim 2, wherein at
least one of said support arms includes a support arm primary
member and a support arm extension that 1is selectively

telescopically extendable from a free end of said support arm

primary member.

24. A comblnation comprising the holding apparatus according
to claim 2 and two workpieces that each have a width
corresponding to no more than half of a total working width of
sald workpiece space, wherein one of said workpieces is arranged
and supported on said support arms of said first set of said
support units and another of said workpieces is arranged and

supported on said support arms of said second set of sald support

units.




10

11

12

15

14

2

CA 02367728 2002-01-16

25. A combination comprising the holding apparatus according
to claim 7 and an orbital riveting machine, which includes a
lower riveting tool and an upper riveting tool, wherein said
lower riveting tool is movable in said longitudinal direction
below said support arms and laterally between said support stands
of sald support units, and said upper riveting tool is movable
in saild longitudinal direction above said support arms of said

support units.

26. A method of using the combination according to claim 25,

for performing riveting on a large format workpiece, comprising

the steps:
a) loading and supporting said workpiece on said support arms;
b) moving at least a selected one of said support arms that is

within a selected working zone out of said selected working
zone and clear of saild riveting machine;

C) moving sald tools of said riveting machine into a position
for performing riveting in said selected working zone and
then performing said riveting in said selected working zone
using said tools; and

d) during said steps b) and c) continuing to support said
workpiece on the remaining ones of said support arms other

than said at least one selected support arm.

27. A method of loading a workpiece onto the holding

apparatus according to claim 20, comprising the steps:

.....41.....
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pivoting said support arms provided with said first and
second load recelvers upwardly into an upright loading
position;

using a workpiece transport arrangement to carry and lower
a workpiece toward said support arms in said upright
loading position;

setting a side edge of said workpiece onto said first load
receivers;

laying said workpiece against said second load receivers;
after said steps c) and d), releasing said workpiece from
said workpiece transport arrangement so that said workpiece
1s supported solely on said support units including said
first and second load receivers;

after saild step e), pivoting said support arms downwardly
from said upright loading position to a support position in
which sald workpiece additionally contacts and is
additionally supported by the opposite one of said sets of
sald support units;

fixing a position of said workplece on said apparatus;
clampingly holding end edges of sald workpiece; and
holding said workpiece with mounting fixtures provided on

sald support arms.
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