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(57) ABSTRACT 

A?exible ?xture system and method wherein a single ?xture 
system can accommodate and hold a plurality of different 
workpieces, i.e. the various workpieces comprising the 
different ?ight surfaces of a wing. The ?exible ?xture 
system comprises a plurality of posts each including a 
plurality of different contoured formers, one former for each 
of the different workpieces to be accommodated and held by 
the ?exible ?xture system. Depending upon which work 
piece is to be held by the ?xture system, the required former 
on each post is selected automatically and moved into 
position for operative association with the workpiece. The 
contoured formers include powered clamps for holding 
details to be fastened to the workpiece. Each post of the 
?exible ?xture system also includes a plurality of holding 
devices, such as suction cup type devices, which are moved 
into position to hold the workpiece and maintain its curva 
ture. 
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FLEXIBLE FIXTURE METHOD 

CROSS REFERENCE TO A RELATED 
APPLICATION 

[0001] Applicants claim priority on US. Provisional 
Application No. 60/077,789 ?led Mar. 12, 1998 entitled 
“Flexible Fixture System” Which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to the art of auto 
matic fastening, and more particularly to a neW and 
improved ?exible ?xture system and method for supporting 
a Workpiece during operation thereon by an automatic 
fastening machine. 

[0003] One area of use of the present invention is a ?xture 
for supporting Wing panels during the fastening of stringers 
to the Wing panel skin, although the principles of the 
invention can be variously applied. 

[0004] Heretofore a dedicated ?xture Was employed for 
each different Workpiece, for example a separate ?xture Was 
required to accommodate each of the speci?c, different ?ight 
surfaces of a Wing. 

SUMMARY OF THE INVENTION 

[0005] Accordingly, it is an object of the present invention 
to provide a neW and improved ?exible ?xture system and 
method Wherein a single ?xture system can accommodate 
and hold a plurality of different Workpieces, ie the various 
Workpieces comprising the different ?ight surfaces of a 
Wing. 

[0006] The present invention provides a ?exible ?xture 
system comprising a plurality of posts each including a 
plurality of different contoured formers, one former for each 
of the different Workpieces to be accommodated and held by 
the ?exible ?xture system. Depending upon Which Work 
piece is to be held by the ?xture system, the required former 
on each post is selected automatically and moved into 
position for operative association With the Workpiece. The 
contoured formers include poWered clamps for holding 
details to be fastened to the Workpiece. Each post of the 
?exible ?xture system also includes a plurality of holding 
devices, such as suction cup type devices, Which are moved 
into position to hold the Workpiece and maintain its curva 
ture. 

[0007] The above and other objects, features and advan 
tages of the present invention Will become clearly apparent 
from the folloWing detailed description of the preferred 
embodiment When read in conjunction With the accompa 
nying draWings Wherein the same reference numerals denote 
the same or similar parts throughout the several vieWs. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0008] FIG. 1 is a side elevational vieW illustrating one 
form of prior art ?xture for holding a Workpiece during 
operation thereon by an automatic fastening machine; 

[0009] FIG. 2 is a side elevational vieW of another form 
of prior art ?xture; 
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[0010] FIG. 3 is a side elevational vieW illustrating four 
speci?c ?ight surfaces of a Wing panel as an example of 
different Workpieces each Which can be held in the ?xture of 
the present invention; 

[0011] FIG. 4 is a side elevational vieW of the ?exible 
?xture system according to the present invention as it Would 
appear in use holding a Workpiece in the form of a Wing 
panel section during installation of fasteners thereon by an 
automatic fastening machine; 

[0012] FIG. 5 is a top plan vieW of the arrangement of 
FIG. 4 With parts removed; 

[0013] FIGS. 6-8 are enlarged fragmentary elevational 
vieWs shoWing various portions of the arrangement of FIG. 
4; 

[0014] FIG. 9 is an enlarged end vieW shoWing the 
?exible ?xture system of FIGS. 4-8 in section and in relation 
to the automatic fastening machine; 

[0015] FIG. 10 is an enlarged fragmentary elevational 
vieW of one of the contoured formers in the ?exible ?xture 
system of FIGS. 4-9; 

[0016] FIG. 11 is an enlarged fragmentary elevational 
vieW shoWing one of the clamps in the former of FIG. 10; 

[0017] FIG. 12 is an enlarged fragmentary elevational 
vieW of one of the assemblies containing the Workpiece 
holding devices in the ?xture system of FIGS. 4-9; and 

[0018] FIG. 13 is a block diagram illustrating the control 
system for the ?exible ?xture system of FIGS. 4-12. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATED EMBODIMENT 

[0019] One example of a prior art dedicated ?xture 1 is 
shoWn in FIG. 1 Which is similar to FIG. 1 of US. Pat. No. 
4,864,702 issued Sep. 12, 1989, the disclosure of Which is 
hereby incorporated by reference. AWorkpiece 2 is held in 
a frame 3 so as to be disposed substantially vertically 
relative to a horiZontal supporting surface 4 such as the ?oor 
of a factory, and an automatic fastening machine 5 in 
straddling relation to the Workpiece 2 moves longitudinally 
along Workpiece 2 for installing fasteners therein. The 
?xture 1 of FIG. 1 Was dedicated to a speci?c shape and 
contour of a Workpiece necessitating an installation of 
different formers, headers and other structural components 
of the Workpiece. Another example of a prior art dedicated 
?xture 6 is shoWn in FIG. 2 Which is characteriZed by a 
massive upper ?xture beam 7. 

[0020] FIG. 3 illustrates the four speci?c ?ight surfaces of 
a particular Wing generally designated 10, the ?ight surfaces 
being designated 12, 14, 16 and 18. The prior art ?xturing 
approach, illustrated in FIGS. 1 and 2, Would require 
constructing a different ?xture con?guration for each of the 
four panels 12-18 shoWn in FIG. 3 including manual 
changeover of the former boards for each of the Wing panel 
sections illustrated in FIG. 3. The present invention pro 
vides a single ?exible ?xture system Which accommodates 
a plurality of Workpieces of different contours and shapes. In 
other Words, the ?xture system of the present invention Will 
accommodate and hold each of the ?ight surface sections of 
the Wings shoWn in FIG. 3 automatically Without the need 
for reconstruction of any of the ?xture system supporting 
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structure or manual changeover of former boards. The 
?exible ?xture system of the present invention includes a 
plurality of posts each including a plurality of different 
contoured formers, one former for each of the different 
Workpieces. For example, in the illustrative workpiece of 
FIG. 3, each post Would include four different contoured 
formers to accommodate each of the four ?ight surface 
sections in the Wing of FIG. 3. HoWever, the number of 
contoured formers included With each post can be more or 
less than four depending upon the range of Workpiece 
sections to be accommodated. Depending upon Which Work 
piece is to be held, ie which of the ?ight surfaces 12-18, the 
required former on each post is selected automatically and 
moved into position for operative association With the 
Workpiece. The contoured formers include clamps or the 
equivalent for holding stringers to be fastened to the Work 
piece. Each post also includes a plurality of holding devices, 
for example in the form of suction or vacuum cups, Which 
are moved into position to hold the Workpiece and maintain 
its curvature. 

[0021] Each of the ?ight surface sections 12-18 is an 
elongated Workpiece having a longitudinal axis and having 
a surface Which is curved along a path in a plane disposed 
substantially perpendicular to the Workpiece longitudinal 
axis. Furthermore, a Workpiece surface can have a com 
pound curvature Wherein different degrees of curvature exist 
at different locations along the Workpiece longitudinal axis. 
In addition, the Workpiece also can have a degree of curva 
ture in a path extending in a direction along the Workpiece 
longitudinal axis. The ?exible ?xture system of the present 
invention can be used With various types of Workpieces, in 
addition to the Wing ?ight surface sections shoWn in FIG. 3, 
and these other types of Workpieces can have some or all of 
the curved surfaces described hereinabove. The Workpieces, 
such as ?ight surface sections 12-18 or other curved Work 
pieces, may be vieWed as a family of Workpieces Wherein 
each member of the family has different degrees of curvature 
in the surfaces thereof. 

[0022] Referring noW to FIG. 4, the ?exible ?xture system 
40 according to the present invention is shoWn as it Would 
appear in use holding a Workpiece 42 during operation 
thereon by an automatic fastening machine generally des 
ignated 44. An example of machine 44 is shoWn and 
described in the afore-mentioned US. Pat. No. 4,864,702. 
Fixture system 40 includes a plurality of posts 46 each 
including a plurality of formers and holding devices Which 
Will be described in detail presently. Workpiece 42 also is 
held in place by a ?xed end gate 48 and a movable end gate 
50. Fixture system 40 rests on a supporting surface 54 such 
as the ?oor of a factory, and machine 44 moves therealong 
typically from left to right as vieWed in FIG. 4 to install 
fasteners such as rivets in the Workpiece 42, this direction of 
movement of machine 44 being designated the X direction. 
Posts 46 of ?xture system 40 also are movable individually 
in the X direction to provide access for machine 44 to install 
fasteners in Workpiece 42 in a manner Which Will be 
described. As vieWed in the draWings, the X axis is in a 
horiZontal direction, substantially parallel to surface 54, and 
the Y axis is in a vertical direction, substantially perpen 
dicular to surface 54. 

[0023] FIG. 5 is a top plan vieW of the arrangement of 
FIG. 4 With the ?xture posts 46 removed for clarity of 
illustration. The automatic fastening machine 44 moves in 
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the X direction by means of drive tracks 60 and 62 and guide 
tracks 64 and 66 in a knoWn manner. Drive tracks 60, 62 
cooperate With a motor and gear on machine 44 in a rack and 
pinion type drive With the rack portion on either or both of 
the tracks 60, 62 as Well knoWn to those skilled in the art. 
Other drive arrangements can of course be employed. The 
?xture posts (not shoWn in FIG. 5), move along tracks 68, 
70 in the X direction, each to a limited degree, to alloW 
machine 44 access to the Workpiece for fastener installation 
operations. 

[0024] FIGS. 6-8 are enlarged portions of FIG. 4 to shoW 
the posts 46 in further detail, the automatic fastening 
machine 44 being shoWn also in FIGS. 6 and 7, the 
stationary end gate 46 being shoWn in FIG. 6 and the 
movable end gate 48 being shoWn in FIG. 8. Each post 46 
includes a plurality of formers or contour boards, for 
example the four formers 80, 82, 84 and 86 shoWn in FIGS. 
6-8. Formers 80 on each of the posts 46 are dedicated to one 
of the Workpieces, for example the ?ight surface portion 12 
shoWn in FIG. 3. The formers 80 are related to each other 
in having the varying contours required to support the 
Workpiece to Which they are dedicated, i.e. ?ight surface 
portion 12. Thus, the formers 80 taper and the contour varies 
along the X and Y axes. Similarly, formers 82 on each of the 
posts 46 are dedicated to another one of the Workpieces, for 
example the ?ight surface portion 14 shoWn in FIG. 3. 
Formers 82 are related to each other in having the varying 
contours required to support the Workpiece to Which they are 
dedicated, i.e. ?ight surface portion 14. Formers 82 taper 
and the contour varies along the X and Y axes. In a similar 
manner, formers 84 on each of the posts 46 are related to 
each other and formers 86 likeWise are related to each other, 
the formers 84 and 86 being dedicated to other Workpieces, 
for example the ?ight surfaces 16 and 18 shoWn in FIG. 3. 
Each of the four formers 80, 82, 84 and 86 carries a plurality 
of clamps for holding components or details, for example 
Wing panel stringers, in a manner Which Will be described. 
The formers 80-86 are individually selected and poWered for 
movement into and out of operative position in a manner 
Which Will be described. While four formers 80-86 are 
shoWn, this is by Way of illustration and the number of 
formers can vary depending upon the number of different 
Workpieces in a family. 

[0025] Each post 46 also includes an assembly generally 
designated 90 comprising a plurality of holding devices 92 
for gripping the surface of the Workpiece. Holders 92 can 
comprise vacuum or suction cup devices, and assembly 90 
includes means for moving the holding devices 92 into and 
out of contact With the surface of the Workpiece in the ?xture 
system in a manner Which Will be described. 

[0026] Each post 46 is provided With drive means gener 
ally designated 100 at the base thereof for operatively 
engaging the tracks 68, 70 for movement of each post in 
opposite directions along the X axis, ie left or right as 
vieWed in FIGS. 6-8. The drive means 100 can comprise a 
motor driven pinion engaging rack teeth on either or both of 
the rails 68, 70 in a manner Well knoWn to those skilled in 
the art. Drive means can be of other types knoWn to those 
skilled in the art. 

[0027] Similarly, movable end gate 50 is provided With 
drive means 106 at the base thereof for movement along the 
X axis and can comprise a motor driven pinion engaging 
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rack teeth on either or both of guide rails 68, 70 in a manner 
Well known to those skilled in the art. Drive means 106 can 
be of other types known to those skilled in the art. 

[0028] Automatic fastening machine 44 is shoWn in fur 
ther detail in the end vieW of FIG. 9 and as it appears in 
relation to ?exible ?xture 40. Machine 44 has a pair of 
generally vertical frame portions 108, 110 Which depend 
from an upper frame portion 112 and Which depending 
portions 108 and 110 support vertically movable carriages 
114 and 116, respectively, Which contain positioners 118 and 
120, respectively, operatively associated With heads 122 and 
124, respectively. The heads contain tooling for performing 
operations as the Workpiece 42 including drilling holes 
therein, inserting fasteners such as rivets or slugs and 
upsetting the fasteners. Heads 122, 124 move toWard and 
aWay from Workpiece 42 along paths generally parallel to 
the plane of the paper as vieWed in FIG. 9. Riveting machine 
44 thus is in straddling relation to Workpiece 42 and ?exible 
?xture 40 and moves along the X axis, ie perpendicular to 
the plane of the paper as vieWed in FIG. 9. For a more 
detailed description of the structure and operation of a 
machine similar to automatic fastening machine 44, refer 
ence may be made to the above-mentioned US. Pat. No. 

4,864,702. 

[0029] FIG. 9 also shoWs one of the posts 46 of ?exible 
?xture system 40 including one of the formers, for example 
former 82, carrying a plurality of clamps Which Will be 
described, operatively associated With Workpiece 42 along 
With the assembly 90 comprising holding devices 92. During 
operation of ?exible ?xture system 40 only one of the 
formers on each of the posts 46 is moved into operative 
position adjacent Workpiece 42. Thus, in the arrangement 
illustrated in FIG. 9, former 82 on each post 46 is moved 
into position, ie in a leftWard direction as vieWed in FIG. 
9, for operative association With Workpiece 42. The other 
formers, i.e. formers 80, 84 and 86 on each post 46 remain 
in a retracted position out of use. Movement of each former 
into and out of operative position is effected by motive 
means, such as a ?uid cylinder or mechanical actuator, 
carried by post 46 and connected to each former. Appropri 
ate guiding arrangements (not shoWn) such as linear bear 
ings and tracks are provided on each former and post 46. An 
illustrative motive means carried by post 46 and connected 
to former 82 for moving the same in the foregoing manner 
is designated 128 in FIG. 9. 

[0030] FIG. 10 shoWs in further detail one of the formers, 
for example former 82 of FIG. 9, Which includes a body 130 
having a side edge 132 and top and bottom edges 134 and 
136, respectively, Which meet side edge 132 at substantially 
right angles. Edge 132 is substantially planar and disposed 
generally vertically When former 82 is carried by post 46. 
Body 130 has another side edge 140 Which is curved and 
faces toWard Workpiece 42. The curvature of the surface 
provided by edge 140 is selected to conform to the curvature 
of the particular Workpiece that former 82 is selected for. In 
other Words, curved edge surface 140 is dedicated or speci?c 
to the particular Workpiece associated With former 82. 
Furthermore, the contours 140 of the plurality of formers 82 
vary depending upon the portion of the surface of the 
Workpiece the individual formers 82 come in operative 
contact With. In a similar manner, the curved edge surfaces 
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of the other formers 80, 84 and 86 are dedicated or speci?c 
to the particular Workpieces associated With those formers 
80, 84 and 86. 

[0031] A pair of dedicated ?xed edge stop members 142 
and 144 can be mounted on body 130 adjacent top and 
bottom edges 134 and 136, respectively. Stop members 142 
and 144 are provided With notches or recesses 146 and 148, 
respectively, for receiving the top and bottom edges of 
Workpiece 42. 

[0032] A plurality of clamping devices each generally 
designated 150 are mounted on body 130 for holding details 
such as stringers Which are to be fastened to Workpiece 42. 
As shoWn in FIG. 11, each clamping device 150 can 
comprise a ?uid cylinder or mechanical actuator 152 
Wherein the output rod or member thereof is coupled by a 
toggle mechanism 154 or the like to a pair of jaWs or 
grippers 156 and 158 for releasably clamping a detail such 
as the stringer designated 160. In other Words, linear move 
ment of the rod or output member of cylinder/actuator 152 
in one direction clamps jaWs 156, 158 onto stringer 160 as 
shoWn in FIG. 11, and movement of the rod in the opposite 
direction releases the jaWs. In the illustrative arrangement 
shoWn, seven clamping devices 150 are provided on body 
130 for holding a corresponding number of details or 
stringers. The actual number of clamping devices 150 is a 
design parameter depending upon the nature and siZe of the 
Workpiece and the type of details Which are to be fastened 
thereto. Former 82 shoWn in FIGS. 10 and 11 is illustrative 
of each of the other formers 80, 84 and 86 on a post 46 and 
illustrative of all of the formers in the ?xture shoWn in FIGS. 
4-9. 

[0033] FIG. 12 shoWs in further detail one of the assem 
blies of Workpiece holding devices, for example assembly 
90 of FIG. 9 Which includes holding devices 92. Assembly 
90 includes a housing or body 170 Which is mounted by 
suitable means (not shoWn) on post 46. In the illustrative 
arrangement of FIG. 12, four devices in the form of suction 
cup devices 92 are shoWn, but the actual number is a matter 
of design choice depending upon the nature and siZe of 
Workpiece 42. The vacuum or suction cup devices 92 are 
?uid or pneumatically operated so as to grasp the Workpiece 
surface effectively and release it When necessary in a con 
trolled manner. Such devices are readily commercially avail 
able and Well-knoWn to those skilled in the art. Each 
Workpiece holding device 92 is moved into and out of 
contact With the surface of Workpiece 42 by motive means 
172 in the form of a ?uid or air servo cylinder, electric servo 
or mechanical actuator. This movement is generally hori 
Zontal, in the plane of the paper, as vieWed in FIG. 12. Each 
motive means 172, in turn, is supported in a carriage 174 
Which is movable lengthWise along body 170, ie generally 
vertically as vieWed in FIG. 12. In particular, the carriages 
174 are guided along tracks 176 and movement is effected 
by suitable means such as a rack and pinion drive Where 
servo motors (not shoWn) on carriages 174 drive pinions 
Which engage rack teeth along or associated With the tracks 
176. Certain ones of the actuators 172 are coupled by link 
members 178. Thus, by virtue of this arrangement, the 
holding devices 92 can be moved selectively generally 
vertically as vieWed in FIG. 12 to reach the appropriate 
locations along the curved surface of Workpiece 42. While 
suction or vacuum cups 92 are shoWn in the present illus 
tration, holding devices 92 can be other devices Which 
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contact and hold the surface of workpiece in a manner Which 
does not damage the workpiece and Which serve to maintain 
or hold the curvature of the Workpiece. As a further alter 
native, straps could be employed extending from the top 134 
and bottom 136 edges of the formers and over the Workpiece 
to hold it against the formers. While adding to the complex 
ity of the ?xture system, a further alternative could be 
mating or cooperating former boards on the opposite surface 
of the Workpiece to hold it against the formers. 

[0034] A control system 200 shoWn diagrammatically in 
FIG. 13 is connected in controlled relation to the X axis 
drive means 100 and 106 on all of the posts 46 and on 
movable end gate 50, respectively, to all the actuators for 
moving the former boards such as actuator 128 associated 
With board 82, to all the actuators for the former board 
clamping devices such as actuator 152, to all the actuators 
for the suction cup devices such as actuator 172 and to all of 
the servo motors for operating the carriages such as car 
riages 174 to provide programmed control of the operation 
of ?exible ?xture 40. Control system 200 can be a Delta-Tau 
motion controller including cards integrated in a personal 
computer With color graphic HMI interface. For a more 
detailed description of such a motion control for use With 
automatic fastening machines, reference may be made to 
pending US. patent application Ser. No. 08/937,979 ?led 
Sep. 26, 1997 entitled “Control System For Automatic 
Fastening Machines”, the disclosure of Which is hereby 
incorporated by reference. 

[0035] Thus, a single ?exible ?xture system 40 according 
to the present invention actually provides a plurality of 
individual ?xtures in the same apparatus, in the present 
illustration four individual ?xtures provided by the four 
different former boards 80, 82, 84 and 86 on each post 46. 
In the illustrative ?exible ?xture system 40 shoWn and 
described herein, each ?xture provided by the different 
former boards 80, 82, 84 and 86 Will accommodate a speci?c 
?ight surface of the Wing shoWn in FIG. 3 (upper left/right, 
loWer left/right) comprising the four individual panels. The 
?xture system may be recon?gured for other Workpieces by 
changing the former boards. 

[0036] A signi?cant advantage of the ?xture system 40 
according to the present invention is elimination of the upper 
beam of prior art ?xtures such as that shoWn in FIG. 2 by 
providing the mobile vertical columns or posts 46 Which 
store and shuttle the plurality of former boards 80-86 into 
position via programmed control. Valuable production time 
is not lost in manual former board changeover, in contrast to 
prior art ?xtures. In particular, eliminating the upper beam of 
?xtures like that shoWn in FIG. 2 reduces the overall ?xture 
height and the riveter overall height. The sets of former 
boards (per ?xture system) necessary for riveting a complete 
Wing, for example, (upper or loWer, left or right panel) 
remain intact during the fastening process. There is no time 
lost to changeout former boards or to store former boards 
When changing from panel to panel. Board combinations are 
selected from the operator console. Stringers are located 
Without tack fasteners utiliZing the poWered clamps 150 on 
the former boards 80-86. 

[0037] The ?xture design is recon?gurable through 
changeout of headers to accommodate other Wing panel 
assemblies from other models. Skin panel clamping and 
maintenance of panel contour is accomplished using the 
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poWered edge clamps 142, 144 and vacuum cups 92 on the 
former boards. The con?guration has integrated machine/ 
?xture compensation for temperature variation and fastening 
process induced groWth. 

[0038] In summary, the ?exible ?xture system 40 is fully 
automated and programmable, comprising the folloWing. An 
“X” axis bed can be provided on ?oor 54 for alignment and 
mounting of the end gates 48, 50 and mobile columns 46. 
The ?xed end gate 48 can be provided With interchangeable 
body side tooling. 

[0039] Each mobile post or column 46 is NSK linear Way 
mounted for “X” motion poWered by an electric servo drive 
100. This drive medium alloWs for in?nitely variable posi 
tioning Within the con?nes of the “X” travel range. Columns 
46 required to support a speci?c panel are indexed into 
position, for example at four foot intervals, nominal. Those 
columns not required are driven to a “rest” position. Up to 
four former boards are attached to each column 46 in the 
system illustrated herein. Each former board required for a 
speci?c panel Will extend in the “Z” direction i.e. perpen 
dicular to the X direction, to support the panel and locate 
stringers. If necessary, for Workpieces having curvature in a 
direction along the longitudinal axis thereof, the formers can 
be moved by different amounts in the Z direction to accom 
modate such curvature. The former board includes all poW 
ered clamping devices 150 to locate stringers. Clamp design 
creates positive location in the YZ plane While alloWing for 
panel groWth along the “X” axis. 

[0040] The clamps 142, 144 and 150 Will auto disengage, 
the former board Will retract, and index in the “X” direction 
to alloW the automatic fastening machine 44 access to the 
original former board location. TWo former boards are 
located on each side of the column. The set of former boards 
is bisected by the assembly 90 of vacuum cups 92 centrally 
positioned on the column. Up to four vacuum cups Which are 
independently driven in the “Y” (vertical) direction are 
mounted to each column in the system illustrated herein. The 
position and combination of vacuum cups to be utiliZed on 
any speci?c panel is programmed variable. Each of the four 
vacuum heads 92, approximately 3“ diameter, Will provide 
40 degrees of gimbal and apply a vacuum load of approxi 
mately 50 lbs. PoWered clamps 142, 144 are utiliZed at the 
upper and loWer extremities of each former board to locate 
the Workpiece panel at elevation. These clamps are poWer 
disengaged to alloW retraction of a former for access by the 
machine. 

[0041] The mobile endgate 50 is moved into position to 
clamp the outboard panel end and Zeroed in the control. 
GroWth due to temperature variation or induced by the 
fastening process translates to movement of this endgate 
Which Will register on a precision linear encoder 220 shoWn 
in FIG. 8. This output may be utiliZed to adaptively adjust 
fastener placement in the “X” direction. 

[0042] It is to be understood that various changes in the 
details, materials, steps and arrangements of parts, Which 
have been herein described and illustrated in order to 
describe the nature of the invention, may be made by those 
skilled in the art Within the principles and scope of the 
present invention. While an embodiment of the present 
invention has been described in detail, that has been done for 
the purpose of illustration, not limitation. 
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1. A ?exible ?xture system for holding individual Work 
pieces during operations performed thereon Wherein the 
workpieces are selected from a family or workpieces, each 
Workpiece in the family being elongated having a longitu 
dinal axis and having a surface curved along a path in a plane 
substantially perpendicular to the longitudinal axis, said 
system comprising: 

a) a plurality of posts at spaced locations along a sup 
porting surface in a ?rst direction extending substan 
tially parallel to the supporting surface; 

b) a plurality of contoured formers carried by each post, 
there being one former dedicated to each Workpiece in 
the family of Workpieces, the formers having varied 
contours required to support the Workpiece to Which 
they are dedicated, the contours varying depending 
upon the portion of the Workpiece surface Which the 
formers are to be operatively associated With; 

c) the selected individual Workpiece being disposed so 
that the longitudinal axis thereof is disposed substan 
tially parallel to the ?rst direction and so that the curved 
surface of the Workpiece faces the contoured formers; 

d) drive means for moving each of the formers into 
operative association With the curved surface of the 
Workpiece; 

e) a controller connected in controlling relation to the 
drive means for selecting the drive means correspond 
ing to the formers dedicated to the selected Workpiece; 
and 

f) means in the ?xture system for holding the Workpiece 
in place against the contoured formers. 

2. The system according to claim 1, Wherein the means for 
holding the Workpiece comprises members on the formers 
for engaging opposite side edges of the Workpiece. 

3. The system according to claim 1, Wherein the means for 
holding the Workpiece comprises at least one suction cup 
holding device for releasably grasping the Workpiece surface 
and carried by each post and means for moving the holding 
device toWard and aWay from the Workpiece surface. 

4. The system according to claim 1, Wherein the means for 
holding the Workpiece comprises a plurality of suction cup 
holding devices for releasably grasping the Workpiece sur 
face and carried by each post and means for moving the 
holding devices toWard and aWay from the Workpiece sur 
face. 

5. The system according to claim 4, further including 
means for moving said holding devices in a direction 
substantially perpendicular to the ?rst direction. 

6. The system according to claim 1, further including 
clamping means carried by the formers for holding details to 
be fastened to the Workpiece. 

7. The system according to claim 1, further including 
means for moving the posts selectively to different locations 
along the ?rst direction. 

8. The system according to claim 1, further including a 
pair of end gates for contacting and holding opposite ends of 
the Workpiece. 

9. The system according to claim 8, further including 
drive means for moving one of the end gates to accommo 
date changes in the length of the Workpiece. 
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10. The system according to claim 9, further including 
encoder means on the movable end gate for monitoring 
movement thereof. 

11. In combination: 

a) a ?exible ?xture system as de?ned in claim 1; 

b) a Workpiece held by the ?exible ?xture system; and 

c) an automatic fastening machine having a frame mov 
able along the supporting surface along the ?rst direc 
tion and having heads carrying tooling supported by the 
frame and located on opposite sides of the Workpiece, 
the heads being movable toWard and aWay from the 
Workpiece for installing fasteners therein. 

12. The combination according to claim 11, further 
including means for moving the posts selectively to different 
locations along the ?rst direction to provide access for the 
machine to the Workpiece. 

13. A ?exible ?xturing method for holding individual 
Workpieces during operations performed thereon Wherein 
the Workpieces are selected from a family of Workpieces, 
each Workpiece in the family being elongated having a 
longitudinal axis and having a surface curved along a path 
in a plane substantially perpendicular to the longitudinal 
axis, the method comprising: 

a) providing a plurality of posts at spaced locations along 
a supporting surface in a ?rst direction extending 
substantially parallel to the supporting surface; 

b) providing a plurality of contoured formers on each 
post; 

c) dedicating one former to each Workpiece in the family 
of Workpieces so that the formers have varied contours 
required to support the Workpiece to Which they are 
dedicated, the contours varying depending upon the 
portion of the Workpiece surface Which the formers are 
to be operatively associated With; 

d) disposing the selected individual Workpiece so that the 
longitudinal axis thereof is disposed substantially par 
allel to the ?rst direction and so that the curved surface 
of the Workpiece faces the contoured formers; 

e) moving each of the formers into operative association 
With the curved surface of the Workpiece; 

f) selectively operating the drive means corresponding to 
the formers dedicated to the selected Workpiece; and 

g) holding the Workpiece in place against the contoured 
formers. 

14. The method according to claim 13, Wherein the step 
of holding the Workpiece includes maintaining the curvature 
of the Workpiece. 

15. The method according to claim 13, further including 
holding details to be fastened to the Workpiece. 

16. The method according to claim 15, further including 
moving an automatic fastening machine along the ?rst 
direction and moving tooling carried by the machine toWard 
and aWay from the Workpiece for fastening the details to the 
Workpiece. 

17. A ?exible ?xture system for holding at least one 
individual Workpiece during operations performed thereon 
Wherein the Workpiece can be selected from a family of 
Workpieces, each Workpiece in the family being elongated 
having a longitudinal axis and having a surface curved along 



US 2002/0038503 A1 

a path in a plane substantially perpendicular to the longitu 
dinal axis, said system comprising: 

a) a plurality of posts at spaced locations along a sup 
porting surface in a ?rst direction extending substan 
tially parallel to the supporting surface; 

b) at least one contoured former carried by each post, the 
former being dedicated to the Workpiece, the former 
having a contour required to support the Workpiece to 
Which it is dedicated, the contours of the formers 
carried by the posts varying depending upon the portion 
of the Workpiece surface Which the formers are to be 
operatively associated With; 

c) the individual Workpiece being disposed so that the 
longitudinal axis thereof is disposed substantially par 
allel to the ?rst direction and so that the curved surface 
of the Workpiece faces the contoured formers; 

d) drive means for moving each of the formers into 
operative association With the curved surface of the 
Workpiece; 

e) a controller connected in controlling relation to the 
drive means; and 

f) means in the ?xture system for holding the Workpiece 
in place against the contoured formers. 

18. The system according to claim 17, Wherein the means 
for holding the Workpiece comprises members on the form 
ers for engaging opposite side edges of the Workpiece. 

19. The system according to claim 17, Wherein the means 
for holding the Workpiece comprises at least one suction cup 
holding device for releasably grasping the Workpiece surface 
and carried by each post and means for moving the holding 
device toWard and aWay from the Workpiece surface. 

20. The system according to claim 17, Wherein the means 
for holding the Workpiece comprises a plurality of suction 
cup holding devices for releasably grasping the Workpiece 
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surface and carried by each post and means for moving the 
holding devices toWard and aWay from the Workpiece sur 
face. 

21. The system according to claim 20, further including 
means for moving said holding devices in a direction 
substantially perpendicular to the ?rst direction. 

22. The system according to claim 17, further including 
clamping means carried by the formers for holding details to 
be fastened to the Workpiece. 

23. The system according to claim 17, further including 
means for moving the posts selectively to different locations 
along the ?rst direction. 

24. The system according to claim 17, further including a 
pair of end gates for contacting and holding opposite ends of 
the Workpiece. 

25. The system according to claim 24, further including 
drive means for moving one of the end gates to accommo 
date changes in the length of the Workpiece. 

26. The system according to claim 25, further including 
encoder means on the movable end gate for monitoring 
movement thereof. 

27. In combination: 

a) a ?exible ?xture system as de?ned in claim 17; 

b) a Workpiece held by the ?exible ?xture system; and 

c) an automatic fastening machine having a frame mov 
able along the supporting surface along the ?rst direc 
tion and having heads carrying tooling supported by the 
frame and located on opposite sides of the Workpiece 
and movable toWard and aWay from the Workpiece for 
installing fasteners therein. 

28. The combination according to claim 27, further 
including means for moving the posts selectively to different 
locations along the ?rst direction to provide access for the 
machine to the Workpiece. 

* * * * * 


