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(57) ABSTRACT 
This invention concerns an active reconfigurable stretch 
forming tool, and in another aspect the invention is a method 
of stretch forming. The tool comprises an array of extensible 
shape forming elements which are driven in extension to 
produce the same force per unit area across a workpiece 
during shape forming. An array of limit Switches are located 
in front of the array of shape forming elements, such that each 
shape forming element is driven in extension towards a 
respective limit Switch during shape forming. In use, each 
limit switch is activated by the workpiece as it is shaped and 
each Switch, upon activation, prevents further extension of the 
respective driven element. The tool and method are useful in 
the forming of three dimensional shapes in Solid sheet metal 
or mesh, to produce panels for reflector antennas. 
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ACTIVE RECONFIGURABLE STRETCH 
FORMING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application a continuation of U.S. application 
Ser. No. 12/162,317, which is a filing under 35 U.S.C. S371 of 
International Patent Application PCT/AU2007/000059, filed 
Jan. 23, 2007, which claims priority to Australian application 
no. AU 2006900369, filed Jan. 25, 2006, each of which is 
hereby incorporated by reference in its entirety. 

TECHNICAL FIELD 

0002. In a first aspect the invention is an active reconfig 
urable stretch forming tool, and in another aspect the inven 
tion is a method of stretch forming. The tool and method are 
useful in the forming of three dimensional shapes in Solid 
sheet metal or mesh, to produce panels for reflectorantennas. 

BACKGROUND ART 

0003. The manufacture of accurate antenna panels 
remains one of the most difficult and labour intensive aspects 
of large-scale reflectorantenna manufacture, and one that has 
a significant impact on antenna performance. 
0004. A number of methods have been employed in the 
manufacture of antenna panels. Some of these methods aim 
for high-accuracy construction at the expense of speed and 
cost, while others are more Suited to mass manufacture of less 
accurate parts. Some of the more widely used methods are 
outlined below: 

0005 Bed of Bolts 
0006. The “bed of bolts' methods involves laying sheet 
metal strips over an array of adjustable bolts attached to a 
large flat table. The bolts are adjusted in height to represent 
the curvature required. 
0007 Strips of sheetmetal sufficiently narrow to take the 
required curvature with only elastic deformation are laid 
across the tops of the bolts and are then pulled down by 
vacuum bagging. Whilst the strips are held in shape by a 
modest vacuum, a rigid backing structure is bonded to the 
open side, to hold the Strips permanently in the formed shape. 
0008 While this method produces highly accurate panels 
of any desired shape, the presence of elastic deformation 
stresses in the material requires a closely spaced array of 
backing members to hold the panel in shape. The vacuum 
used to hold the panel can lead to shallow regularly spaced 
dimples between the bolts, and the regular spacing of the 
backing members has been known to cause periodic ripples. 
Both of these issues have caused problems with antenna grat 
ing lobes. The Bed of Bolts method is described more fully in 
CSIRO's patent for rapidly setting the heights of the adjust 
able bolts 1. 
0009 Press Forming 
0010 Press forming involves compressing a sheet of 
material between shaped dies. The material is deformed plas 
tically so that it permanently retains the pressed shape. 
Depending on the shape being produced, the material may be 
either plastically stretched or compressed, or both, during 
forming. Some spring back or “recovery” occurs after the 
pressing forces are removed, so the shape of the forming dies 
is not necessarily the same as the shape of the completed 
panel. 
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0011 Forming an accurate shape free from wrinkles and 
buckles is complex and may involve a large number of itera 
tions to the shape and details of the forming dies. The dies are 
typically made from hardened tool steel, are large and expen 
sive, and may only produce one shape each. Large presses up 
to many hundreds oftonnes incapacity are required to operate 
the dies. However, once the dies have been proven, produc 
tion of repetition parts is extremely fast. 
0012 Hydroforming 
0013 Hydroforming involves stretching a flat panel into a 
shaped die under hydraulic pressure. The material then 
retains the shape of the die. Like press forming, the material 
will recover to some degree after forming. The hydroforming 
process for manufacture of antenna dishes has been put to 
commercial use by Anderson Manufacturing Inc. in the 
United States. 
0014) Hydroforming dies are large, but simple in compari 
son to press form dies, and may be made from Soft materials 
or backed with polymer filling compounds to simplify shap 
ing. No large press is required. Extremely large panels may be 
produced, but the die, once corrected and proven, will only 
produce parts of one shape, and variations in the properties of 
the workpiece material may affect the repeatability of the 
recovery after forming. 
0015 Recent efforts in the United States aimed at devel 
oping antenna Solutions for radioastronomy have resulted in 
the successful hydroforming of numerous 6 metre dishes for 
the Allan Telescope Array, and investigations into hydroform 
ing reflectors with a diameter of 12 metres are continuing. 
(0016 Stretch Forming 
0017. The term Stretch Forming covers a number of areas 
of metal forming, from the shaping of curved beams to the 
shaping of panels for aircraft and automotive bodies. Like 
press forming and hydroforming, a shaped die or stretch form 
tool is required. 
0018. In the case of stretch forming of sheet material, the 
sheet is strongly gripped along two opposing edges and Sup 
ported above a shaped form block. The form block is then 
driven up underneath the tightly stretched sheet (or the grip 
pers move downwards), until the shape of the form tool is 
reproduced in the material, in a manner similar to stretching a 
sheet of thin rubber over, say, a football. This is illustrated in 
FIGS. 1(a)-(c). In FIG. 1(a) a sheet of material is shown 
gripped above a form block for stretching. In FIG. 1(b) 
stretching load is applied by the grippers and the form block 
is moved relative to the sheet to the point of contact. In FIG. 
1(c) forming is complete. 
0019. The simultaneous application of stretching and 
forming forces significantly reduces, and can almost elimi 
nate, the shape recovery of the material after forming. The 
mechanism through which this is achieved is illustrated in 
FIG 2. 

0020. In FIG. 2(a), a piece of material has been deformed 
by application of a bending load. Tensile and compressive 
stresses are generated within the material as it is bent. These 
stresses increase in magnitude towards the outside faces of 
the material and there is a neutral axis in the centre where no 
tensile or compressive stresses exist. 
0021 All materials will recover elastically to some degree 
after plastic deformation, in a direction opposing that of the 
applied deformation stresses. In this case the uneven distri 
bution of stresses will cause the material to straighten slightly 
after the bending load is removed, and the final curvature will 
be noticeably less than intended. 
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0022. In FIG. 2b, the material has been both bent and 
stretched along its own axis. If the stretching load is sufficient 
to cause yielding or slight plastic deformation in this direc 
tion, the stresses within the material will change to an even 
distribution oftensile stress. Later, when the stretching load is 
removed, the elastic recovery occurs along the centreline of 
the material, with little or no change in overall shape. 
0023. An hydraulically powered machine, called a stretch 
former, is used to carry out this process. It consists of a base 
or table on which the stretch form tool is mounted, and an 
array of grippers on two sides that hold the edges of the 
workpiece while it is being stretched over the form block. The 
grippers simultaneously apply a sufficiently large stretching 
load to cause the workpiece material to yield across its full 
width. Stretch formers are relatively common in industrial 
SC. 

0024 Stretch forming has traditionally been performed 
over Solid form blocks, made from metal, hard plastics and 
occasionally wood where shapes are modest and accuracy is 
not critical. 
0025 Stretch forming is a fairly fast process, but the need 
for manufactured form tools and the limitations imposed by 
form blocks with fixed shapes, have prompted development 
of reconfigurable tools consisting of an array of adjustable 
elements that can be set to form an approximation to a con 
tinuous curved surface, in a manner similar to the Bed of Bolts 
described above. 
0026. A representation of a reconfigurable stretch form 
tool with a 6x6 array of adjustable elements is shown in FIG. 
3. In practice the elements are typically domed on their work 
ing faces, rather than flat-ended as shown. 
0027. As the surface of the reconfigurable form block is 
composed of individual facets rather than a continuous Sur 
face, a layer of conformable material Such as a sheet of 
polymer rubber is laid over the top of the form tool to prevent 
dimpling of the workpiece. This layer is known as an inter 
polator. 
0028. A number of papers have been published detailing 
the development and application of this technique to the 
manufacture of repair parts for aircraft, from both sheet metal 
and composite materials. 2, 3, 4. 
0029. Of these papers, 2 and 3 discuss aspects of the 
actuation and control of the elements of a reconfigurable 
stretch form tool, using 2688 individual moveable elements 
with servo motor and lead screw control, to set the positions 
of the adjustable elements before locking them into place and 
using the tool as a conventional fixed form tool. A number of 
patents exist covering aspects of construction and control of 
this type of system. 5, 6, 7, 8. 
0030. In 4, Walczyk notes that where composite materi 
als are concerned, automatic lay-up machines can be used to 
prepare composite parts over the top of reconfigurable tools in 
the flat state, with Subsequent active driving of the reconfig 
urable tool from below the part to form the required curvature. 
0031. A number of drawbacks are apparent in these meth 
ods: 
0032. Where large tools with many elements are con 
cerned, the task of controlling thousands of individual ele 
ments is difficult. Each element is subject to a proportion of 
the total force applied by the stretch forming machine, so the 
elements must be robust or they are likely to be unreliable in 
positioning or repeatability. 
0033. Where panels of non-uniform curvature are 
involved, the effective pressure between the interpolator and 
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the workpiece material can vary, resulting in differing degrees 
of compression of the interpolator over the top of the form 
tool elements. This results in a departure of the shape of the 
formed part from the nominal surface defined by the tool 
elements. 
0034 And lastly, as the entire forming load is supported by 
the structure of the form tool and its elements, any deforma 
tion of the tool structure under load will be replicated in the 
shape of the workpiece. 

DISCLOSURE OF THE INVENTION 

0035 A first aspect of the invention is an active reconfig 
urable stretch forming tool for forming a three dimensional 
shape in a solid sheet metal or mesh workpiece, to produce a 
panel for a reflector antenna. The tool comprises: 
0036 An array of extensible shape forming elements 
which are driven in extension to produce the same force per 
unit area across a workpiece during shape forming. 
0037 And an array of limit switches located in front of the 
array of shape forming elements, such that each shape form 
ing element is driven in extension towards a respective limit 
Switch during shape forming. 
0038. Wherein, in use, each limit switch is activated by the 
workpiece as it is shaped and each Switch, upon activation, 
prevents further extension of the respective driven element. 
0039. The array of limit switches defines the shape to be 
imparted to the workpiece. The active reconfigurable tool 
achieves shape control of the workpiece by directly measur 
ing the workpiece during shaping. The tool also permits varia 
tion of the shape produced, and facilitates correction of sys 
tematic shape-forming errors, such as deformation of the tool 
structure or compression of an interpolator. Further, the tool 
may incorporate shape-control feedback or error correction 
as shaping proceeds. 
0040. The tool may be used in a conventional industrial 
stretch forming machine, with no significant modifications to 
the machine’s usual set-up or operation. For instance, the 
conventional opposing sets of workpiece grippers may be 
used. 
0041. The shape forming elements may comprise hydrau 
lic cylinders and rams each of which is powered from a single 
hydraulic power supply. Since the hydraulically powered ele 
ments are connected via hydraulic lines to a single power 
Supply, the hydraulic pressure in the cylinders will be equal 
ised. This prevents any one cylinder causing localised exces 
sive deformation of the workpiece. 
0042 Each ram may be surmounted by a tilting pad and 
each tilting pad may be interlocked with its adjacent pads to 
form a continuous articulated Surface. As a result of using the 
tilted pads the array of elements may be sparse compared to a 
conventional reconfigurable stretch forming tool. The tilting 
pads may be provided with a spherical seat to fit spherical 
ends on the hydraulic cylinder rams. 
0043. An interpolator may be located on the articulated 
surface to receive the workpiece. 
0044) The rams will generally be arranged below the 
workpiece to produce concave workpieces. An extension of 
the invention is to place an array of rams both above and 
below the workpiece. This will allow the production of panels 
with both concave and convex curvature. 
0045. The limit switches may be aligned vertically over 
respective tilting pads. Other locations for the limit switches 
may be used, provided they can be actuated by the movement 
of the workpiece, interpolator, or ram, as the formation of the 
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workpiece shape proceeds. Each Switch may be connected to 
a simple Solenoid valve in the hydraulic line leading to its 
respective cylinder. As the workpiece is shaped it will contact 
one or more of the limit Switches, and as soon as this occurs 
the switch operates to close the solenoid valve and prevent 
further movement of the respective tilting pad. 
0046. The switches themselves may be simple On-Off 
mechanical Switches. Alternatively, the Switches may be con 
stant-contact analogue devices, and they may be programmed 
or set to trigger at the appropriate height. As a result it may be 
possible to implement multi-staged forming, where a panel is 
formed to initial-intermediate-final, or roughing-finishing 
stages. This graduated approach may be beneficial where 
deep shapes or high accuracy, or both, are required, by avoid 
ing excessive stretching or the possibility of buckling in any 
One Stage. 
0047. To further approximate a continuously curved sur 
face the shaping Surfaces of the tilting pads may be formed 
with a spherical radius approximating the curvature of the 
required panel. 
0048. A number of sets of tilting pads with a range of 
spherical radii may be provided for the tool. Alternatively, the 
top of each tilting pad could be made flat, with provision for 
clipping inserts of varying spherical radius into place. 
0049. Where an individual panel has areas of high and low 
curvature, a set of pads with appropriate incrementally dif 
ferent radii could be clipped to the stretch form tool to accom 
modate Such variations. 
0050. Another aspect of the invention is a method for 
forming three dimensional shapes in a solid sheet metal or 
mesh workpiece, to produce a panel for a large reflector 
antenna. The method comprises: 

0051 Stretching a metalworkpiece in a flat state in front 
of an array of extensible shape forming elements. 

0.052 Driving each shape forming element of the array 
in extension to produce the same force per unit area 
across the workpiece, to form a shape in the workpiece. 
Extending each shape forming element towards a 
respective limit Switch during shape forming until the 
workpiece activates the limit switch. 

0053 Preventing further extension of a shape forming 
element upon activation of the respective limit switch. 

0054. Unlike other implementations of reconfigurable 
stretch forming tools, simultaneous position control of very 
large numbers of driven elements is not required. In this 
invention the shape forming elements are driven to produce 
the same force per unit area across the workpiece, and the 
distribution of power and the element positions during 
stretching is controlled by the natural behaviour of the work 
piece material. 
0055. The shape forming elements may comprise hydrau 

lic rams, and the method may produce panels of any curvature 
within the travel available in the hydraulic rams. 
0056. The final position of the shape forming elements, 
and therefore the panel shape, though accurately controlled 
by the array of limit switches, is “dumb' and requires no 
active intervention by a control system. It is anticipated that 
the setting of the limit switch array will be performed accord 
ing to the method described in 1. 
0057 Variations between measured and theoretical panel 
shapes may be accommodated in the settings of the limit 
switch array. If the limit switch array is also used for shape 
measurement, it may be possible to implement an automatic 
process with closed-loop shape control. 
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0058. Using the invention, large sections of panel may be 
formed from one piece of material, eliminating the time and 
labour involved in laying up the numerous individual Strips 
required by the bed of bolts method. 
0059. The use of one-piece panels rigidly formed to an 
accurate shape eliminates the need for multiple pre-formed 
backing ribs to hold the panels shape, and the need for the 
ribs to be aligned with the joints between individual strips. 
This will allow the backing structure to be designed for stiff 
ness and economy without constraints imposed by the layout 
or curvature of the panel. 
0060. The method makes use of existing metal forming 
machinery and techniques, off the shelf parts, and a simple 
control system. 
0061 The method proposed offers significant improve 
ments in terms of cost and Versatility while maintaining 
equivalent Surface accuracy to the best methods currently 
available. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0062. The prior art has been described above with refer 
ence the following drawings in which: 
0063 FIGS. 1(a)-(c) are a series of schematic diagram 
illustrating stretch forming. In FIG. 1(a) a sheet of material is 
shown gripped above a form block for stretching. In FIG. 1(b) 
stretching load is applied by the grippers and the form block 
is moved relative to the sheet, to the point of contact. In FIG. 
1(c) forming is complete. 
0064 FIG. 2(a) is a diagram showing the distribution of 
tensile and compressive stresses during bending of a piece of 
material. 
0065 FIG. 2(b) is a diagram showing the distribution of 
tensile-only stresses during stretch forming. 
0.066 FIG. 3 is a diagram showing a reconfigurable 
stretch-form tool with a 6 x 6 array of adjustable elements. 
0067. An example of the invention will now be described 
with reference to the following drawings, in which: 
0068 FIGS. 4(a)-(c) are a series of diagrams illustrating 
the principle of operation of an active stretch forming tool. 
FIG. 4(a) shows a reconfigurable stretch tool in an industrial 
stretch forming machine before stretching commences FIG. 
4(b) shows the reconfigurable stretch tool at an intermediate 
point of stretching. FIG. 4(c) shows the tool when stretching 
is completed. 
0069 FIG. 5(a) is a diagram showing a tilting pad for the 
tool of FIGS. 4(a)-(c). FIG. 5(b) is the pad of FIG. 5(a) 
inverted. 
0070 FIG. 6 is a diagram showing three interlocking pads 
forming an articulated Surface. 
0071 FIG. 7(a) illustrates a model of an array of rams and 
tilting pads below an array of stops. FIG. 7(b) shows how the 
array of pads tilt and orient to form the curve defined by the 
stops when they are brought into contact with each other. 

BEST MODES OF THE INVENTION 

0072 Referring now to FIG. 4(a) reconfigurable stretch 
forming tool 10 involves a sparsely populated array of ele 
ments 12. Each element 12 comprises an hydraulic cylinder 
14 all of which are powered from a single hydraulic power 
supply 16. An hydraulic ram 18 may be driven upwards by 
each cylinder 14. The tool may be used in a conventional 
industrial stretch forming machine, with no significant modi 
fications to the machine's usual set-up or operation. 
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0073. The span between elements 12 is much larger than 
that in the reconfigurable tools previously described, and each 
ram 18 is surmounted by a tilting pad 20. Each tilting pad 20 
is interlocked with its adjacent pads to form a continuous 
articulated Surface indicated generally at 22. A polymer inter 
polator 24 is placed between the pads 20 and the workpiece 26 
which is held by grippers 28 and 30. 
0074 Rather than providing a fixed, pre-set surface over 
which a sheet or workpiece material is stretched, as in a 
stretch forming machine, the material 26 is held stretched in 
the flat state while the rams 18 of the reconfigurable tool are 
driven upwards, so forming a three dimensional shape in the 
panel. 
0075. The hydraulically powered elements 12 are not indi 
vidually controlled. As they arc connected via hydraulic lines 
to a single power Supply 16, the hydraulic pressure in the 
cylinders will be equalised. This prevents any one cylinder 
causing localised excessive deformation of the workpiece 26. 
0076. Above the workpiece 26 is suspended an array of 
limit switches 32, aligned vertically over each active element 
12. Each switch 32 is connected to a simple solenoid valve 34 
in the hydraulic line leading to its relevant cylinder 14. The 
switches 32 themselves may be simple On-Off mechanical 
limit switches of the types often used in industrial machinery, 
where Switching occurs on contact. Alternatively, the 
Switches may be constant-contact analogue devices like lin 
ear voltage differential transducers (LVDTs), programmed or 
set to trigger at the appropriate height. 
0077. If such a programmable device is used in place of an 
On-Off switch, it may be possible to implement multi-staged 
forming, where a panel is formed to initial intermediate 
final, or roughing-finishing stages. This graduated approach 
may be beneficial where deep shapes or high accuracy, or 
both, are required, by avoiding excessive stretching or the 
possibility of buckling in any one stage. 
0078. As the workpiece 26 rises, areas of the workpiece 
will make contact with some of the limit switches 32, as 
shown in FIG. 4(b), closing off the solenoid valve for the 
cylinder at that point and preventing further movement. When 
all the solenoid valves have been closed in this way, as shown 
in FIG. 4(c), the forming process is complete. 
0079 Final stretching of the workpiece after all active 
elements have contacted their respective limit switches, will 
equalise internal stresses within the workpiece material, and 
ensure that its formed shape is retained after relaxation of all 
forming forces, and removal of the workpiece from the stretch 
forming machine. 
0080. The positions of the array of limit switches defines 
the shape of the workpiece that will be produced. It is antici 
pated that the setting of the limit switch array will be per 
formed according to the method described in 1. 
I0081 Tooling Details. 
0082. The array of tilting pads 20 used on the ends of the 
hydraulic cylinder rams 18, interlock with each other. In this 
way a continuous articulated forming Surface 22 is created. 
The interpolator sits on the relatively continuous surface 22, 
and the combined effect is to prevent localised high-spots that 
could dimple the workpiece 26 between points measured by 
the limit switch array. 
0083. The tilting pads 20 are provided with a spherical seat 
36 on one side to fit spherical ends 38 on the hydraulic 
cylinder rams 18. A simple wire circlip can be used to retain 
the pads on the rams after forming, when the hydraulic cyl 
inders retract to their rest position. 
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I0084. To further approximate a continuously curved sur 
face and to assist the interpolator 24 to produce Smooth work 
piece curvature, the upper Surfaces of the tilting pads 20 are 
formed with a spherical radius approximating the curvature of 
the required panel. 
I0085. If the range of panels to be stretch formed requires 
widely varying radii of curvature, a number of sets of tilting 
pads with a range of spherical radii, differing by, say, 1 m 
increments, could be fitted to the tool as required. 
I0086 Alternately, the top of each tilting pad could be 
made flat, with provision for clipping inserts of varying 
spherical radius into place. 
I0087. Where an individual panel has areas of high and low 
curvature, a set of pads with appropriate incrementally dif 
ferent radii could be clipped to the stretch form tool to accom 
modate such variations. 
I0088 FIG. 5 shows a possible design of tilting pad 20, and 
illustrates the features 38 and 40 that interlock with adjacent 
pads to form an articulated Surface, and the socket for mount 
ing the pad on the hydraulic ram. FIG. 6 illustrates the inter 
locking of a number of pads 20. 
I0089 FIG. 7(a) illustrates a model of an array of rams and 
tilting pads 42 below an array of stops 44. FIG. 7(b) shows 
how the array of pads 42 tilt and orient to form the curve 
defined by the stops 44 when they are brought into contact 
with each other. 
(0090 Stresses Developed in Reconfigurable Tools. 
0091. In one example, an antenna of 15 m diameter with an 
f/d of 0.4 gives a focal length of 6 m. As a the minimum 
instantaneous radius of a parabola equals twice the focal 
length, it is necessary to stretch form of a section of a spheri 
cal surface with a radius of 12 m, from aluminium sheet with 
a thickness of 1.2 mm. The material considered is grade 
5005-H34, which has a yield stress of 138 MPa (9. 
0092. This stretch forming process is analogous to hydro 
forming, where hydraulic pressure is used to deform a flat 
sheet. If allowed to proceed unrestrained, both processes will 
tend to produce a spherical radius. As the tensile stresses in 
the wall of a spherical vessel subject to internal hydraulic 
pressure are equal in all directions, and the tensile stresses are 
proportional to the pressure, treatment of stretch forming as a 
hydraulic pressure problem is sufficiently valid to check the 
viability of the proposed stretch forming process. 
0093. In this case, the yield stresses generated in the work 
piece by the stretch forming grippers are equivalent to the 
tensile stresses in the walls of a pressure vessel. Therefore the 
contact pressure on any of the tilting pads is equivalent to the 
internal pressure in a vessel of the same radius with the same 
tensile wall stress. 
0094 Tensile stress in a thin-walled spherical pressure 
vessel equals: 

f=Pr/2t 

0.095 Where: 
(0096 f-stress (MPa): 
(0097 Pinternal pressure (MPa): 
(0098 r radius of vessel (m) and 
(0099 t—wall thickness (m). 
0.100 For a vessel of radius 12 m, with a wall thickness of 
1.2 mm and a tensile wall stress of 138 MPa, the equivalent 
internal pressure is therefore 0.276 MPa. This is the nominal 
Surface pressure that would be present on a tilting pad to 
stretch form a panel to a radius of 12 m. 
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0101. A model of a possible tilting pad design subject to 
this load was studied using a linear mechanical finite element 
analysis package, COSMOSXpress, and the results show the 
maximum stress developed in this part is approximately 8.5 
MPa. If the pad is made from mild steel with a yield stress of 
250 MPa, this represents a factor of safety in the design of at 
least 29. 
0102 The load carried by the tilting pad will also be sup 
ported by the hydraulic cylinder. If a cylinder with a piston 
diameter of 75 mm is assumed, the hydraulic pressure 
required can be found. 
(0103) The pressure load of 0.276 MPa on the top of the 
tilting pad, together with the top face area, 0.019 m2, indi 
cates a normal load on one ram of 5.25 kN. The hydraulic 
pressure necessary to produce this load on a 75 mm piston is 
1.19 MPa. When allowances for losses are considered, a 
minimum system pressure of approximately 2.5 MPa is 
required. Industrial hydraulic systems built from off-the-shelf 
parts typically operate at System pressures ranging from 20 
MPa to 60 MPa, so the hydraulic pressure requirements are 
very modest. 
0104. Another area considered was the bending stress 
applied laterally to the rams of the hydraulic cylinders by 
frictional resistance as the workpiece and or interpolator 
slides across the tops of the pads during stretching. It is 
anticipated that the interpolator would be a type of urethane 
rubber. These materials are available in a wide range of com 
pounds with varying degrees of hardness. Manufacturers of 
polyurethanes for coatings on conveyer rollers claim the coef 
ficient of friction (LL) for these materials can be tailored to suit 
the application, with L=0.4being a minimum value. 
0105 To coverall eventualities, a worst case coefficient of 
friction of L 1.0 was assumed, as was a cylinder ram with a 
diameter of 50 mm, cantilevered with a free length of 250 

. 

0106. As before, an axial load on one tilting pad of 5.25 kN 
is assumed. When L=1.0, the lateral load at the tip of the ram 
will also be 5.25 kN, applied simultaneously with the axial 
cylinderload. Analysis of a model representing an allow steel 
ram from a hydraulic cylinder under this combined load gives 
a factor of safety around 6. Whilst the factor of safety in the 
ram is lower than that in the tilting pad, this brief analysis 
demonstrates that the stresses generated in the major compo 
nents of a tool to implement this concept are modest, and that 
implementation is feasible. Optimisation of the design and 
selection of appropriate hydraulic components will lead to a 
reliable a robust system. 
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0116. Although the invention has been described with ref 
erence to a particular example, it will be understood that it 
may be extended to place an array of rams is both above and 
below the workpiece. This will allow the production of panels 
with both concave and convex curvature. Alternatively, the 
invention may also be used with designs that locate panel 
joints along lines of inflection between concave and convex 
aaS. 

0117. It will be appreciated by persons skilled in the art 
that numerous variations and/or modifications may be made 
to the invention as shown in the specific embodiments without 
departing from the spirit or scope of the invention as broadly 
described. The present embodiments are, therefore, to be 
considered in all respects as illustrative and not restrictive. 

1. An active reconfigurable stretch forming tool for form 
ing a three dimensional shape in a solid sheet metal or mesh 
workpiece, to produce a panel for a reflectorantenna; the tool 
comprising: 

an array of extensible shape forming elements which are 
driven in extension to produce the same force per unit 
area across a workpiece during shape forming; and, 

an array of limit switches located in front of the array of 
shape forming elements, such that each shape forming 
element is driven in extension towards a respective limit 
Switch during shape forming; 

wherein, in use, each limit switch is activated by the work 
piece as the workpiece is shaped and each Switch, upon 
activation, prevents further extension of the respective 
driven element. 

2. The active reconfigurable stretch forming tool according 
to claim 1, wherein the array of limit switches defines a shape 
to be imparted to the workpiece. 

3. The active reconfigurable stretch forming tool according 
to claim 1, wherein the tool incorporates shape-control feed 
back or error correction during shape forming. 

4. The active reconfigurable stretch forming tool according 
to claim 1, wherein the shape forming elements comprise 
hydraulic cylinders and rams each, of which is powered from 
a single hydraulic power Supply. 

5. The active reconfigurable stretch forming tool according 
to claim 4, wherein each ram is surmounted by a tilting pad 
and each tilting pad is interlocked with its adjacent pads to 
form a continuous articulated Surface. 

6. The active reconfigurable stretch forming tool according 
to claim 5, wherein the tilting pads are provided with a spheri 
cal seat to fit spherical ends on the rams of the hydraulic 
cylinders. 

7. The active reconfigurable stretch forming tool according 
to claim 5, wherein an interpolator is located on the articu 
lated surface to receive the workpiece. 
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8. The active reconfigurable stretch forming tool according 
to claim 7, wherein the rams are arranged below the work 
piece to produce concave workpieces. 

9. The active reconfigurable stretch forming tool according 
to claim 8, wherein there is an array of rams both above and 
below the workpiece. 

10. The active reconfigurable stretch forming tool accord 
ing to claim 5, wherein the limit switches are aligned verti 
cally over respective tilting pads. 

11. The active reconfigurable stretch forming tool accord 
ing to claim 1, wherein each limit Switch is connected to a 
simple Solenoid valve in a hydraulic line leading to its respec 
tive cylinder such that, as the workpiece is shaped the work 
piece will contact one or more of the limit Switches, and as 
Soon as the workpiece contacts one or more of the limit 
switches the switch operates to close the solenoid valve and 
prevent further movement of the respective tilting pad. 

12. The active reconfigurable stretch forming tool accord 
ing to claim 11, wherein the limit Switches are constant 
contact analogue devices. 

13. The active reconfigurable stretch forming tool accord 
ing to claim 12, wherein the limit Switches are programmed or 
set to trigger at a predetermined height. 

14. The active reconfigurable stretch forming tool accord 
ing claim 13, wherein the shaping Surfaces of the tilting pads 
are formed with a spherical radius approximating the curva 
ture of a required panel. 

15. The active reconfigurable stretch forming tool accord 
ing to claim 14, wherein a number of sets of tilting pads with 
a range of spherical radii are provided for the tool. 
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16. The active reconfigurable stretch forming tool accord 
ing to claim 13, wherein the top of each tilting pad is flat with 
provision for clipping inserts of varying spherical radius into 
place. 

17. A method for forming three dimensional shapes in a 
Solid sheet metal or mesh workpiece, to produce a panel for a 
large reflector antenna, the method comprising: 

stretching a metal workpiece in a flat state in front of an 
array of extensible shape forming elements; 

driving each shape forming element of the array in exten 
sion to produce the same force per unit area across the 
workpiece, to form a shape in the workpiece; 

extending each shape forming element towards a respec 
tive limit Switch during shape forming until the work 
piece activates the limit Switch; and, 

preventing further extension of a shape forming element 
upon activation of the respective limit switch. 

18. The method according to claim 17, comprising the 
further step of applying shape-control feedback or error cor 
rection as shaping proceeds. 

19. The method according to claim 18, wherein each limit 
Switch is connected to a simple Solenoid valve in the hydrau 
lic line leading to its respective cylinder Such that, as the 
workpiece is shaped the workpiece will contact one or more 
of the limit Switches, and as soon as the workpiece contacts 
the one or more of the limit switches the switch operates to 
close the solenoid valve and prevent further movement of the 
respective tilting pad. 

20. The method according to claim 19, wherein, the limit 
Switches are programmed or set to trigger at a predetermined 
height. 


