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WORKPIECE CARRIER AND WORKPIECE CARRIER
LOADING/UNLOADING SYSTEM AND METHOD

The present invention relates to a workpiece carrier for supporting a plurality
of workpieces, and a workpiece carrier loading/unloading system and
method for loading and unloading workpieces into and from such a

workpiece carrier.

The continuous development of electronics is resulting in more complex
systems being contained in smaller components, leading to the use of
smaller printed circuit boards. One example is the mobile telephone, where
progressively smaller mobile telephones are being developed which have at

least the same, if not increased, functionality.

Traditionally, in handling small printed circuit boards, the practice was to
fabricate the printed circuit boards as an array of separable panels in a
single, large board, thereby allowing the printed circuit boards to be handled
as a single entity. This approach has been used successfully, but the
increased accuracy required by the newer, smaller components cannot be
achieved by this technique. As a result, such small printed circuit boards

have again to be handled separately.

In addition, larger electronic components are being developed as increased
functionality is integrated into a single integrated circuit and more than one
integrated circuit plus resistors and capacitors are assembled onto a
substrate, such as a ball grid array (BGA) substrate or a pin grid array (PGA)
substrate, to form a single component. These larger electronic components

have also to be handled separately.

For handling such workpieces, workpiece carriers have been developed
which allow a plurality of workpieces to be transported simultaneously to a
machine, such as a screen printing machine or a placement machine, for

operation by the machine. Such workpiece carriers include those
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manufactured to the JEDEC (Joint Electron Device Engineering Council)

standard.

Figure 8 illustrates one such workpiece carrier 3 which is used to support a
plurality of workpieces 5 in transporting the same to a machine for
operation. For the purposes of illustration, the workpiece carrier 3 is

illustrated only partially filled with workpieces 5.

The workpiece carrier 3 comprises a plate 7 which includes a plurality of
support elements 9, in this embodiment ten support elements 9 arranged in

pairs in a 2 x 5 array, for supporting respective ones of the workpieces 5.

The plate 7 comprises lower and upper plate parts 7a, 7b which are fixed

together by suitable means, such as by bonding, spot welding and riveting.

The support elements 9 each comprise a through aperture 11, in this
embodiment a square aperture, and a plurality of support members 15
which  are disposed about the periphery of the aperture 11, in this
embodiment four support members 15 which are located at respective ones
of the sides of the aperture 11, for supporting the respective edges of a
workpiece 5. The support members 15 of each support element 9 are
spaced from the upper surface of the plate 7 such as to define a recess for
receiving a workpiece 5, whereby the uppel; surface of a workpiece 5, when
supported by the respective support element 9, is substantially co-planar

with the upper surface of the plate 7.

The workpiece carrier 3 further comprises a plurality of workpiece-retaining
elements 17, in this embodiment each comprising a plurality of pillars 19,
for retaining workpieces 15 in the respective ones of the support elements
9. In this embodiment the workpiece-retaining elements 17 each comprise
eight pillars 19, each pillar 19 being located adjacent a respective corner of
the respective support element 9, such as to retain a workpiece 5 captive

therewithin.
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Typically, in the fabrication of an electronic device, a viscous solder paste is
first applied to selected areas of a workpiece, such as a substrate, for
example, a printed circuit board, through a stencil in a screen printing
machine. Electronic components are then placed on the applied solder paste
using a placement machine, often referred to as a pick-and-place machine.
The workpiece and components are then heated in a re-flow oven to a
temperature sufficient to melt the solder paste, causing the solder paste to
flow under leads of the components and corresponding pads of the
workpiece, thereby forming solder joints and completing the electronic

device.

The use of a workpiece carrier enables a plurality of workpieces to be
transported simultaneously to a machine, thereby providing for transport
efficiencies, but, where the workpieces are only roughly positioned on the
workpiece carrier, each workpiece has to be handled individually in operation
by the machine in order to establish the position of the supported
workpiece. For example, in a screen printing machine, the workpieces are
successively supported by a single vacuum tower and the stencil
successively positioned by an X-Y table above each workpiece as supported
by the vacuum tower, with each workpiece, when so positioned, being
subject to a separate printing operation. As will be appreciated, such
repeated re-positioning of the stencil for each supported workpiece is
particularly time consuming, as is the requirement to print each workpiece
individually. In a placement machine, for example, the workpieces are
successively supported by a single vacuum tower and the robotic pick-and-
place arm is re-referenced to the position of the workpiece. Again, such
referencing of the pick-and-place robotic arm for each supported workpiece

is time consuming.

As disclosed in WO-A-2002/089551, the present applicant has previously
developed a tooling fixture which allows for the simultaneous, individual
positioning of a plurality of workpieces as supported by such mentioned
workpiece carriers, thereby enabling a single operation of a machine without

any re-positioning or re-referencing. For example, in a screen printing
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machine, the tooling fixture allows for the printing of a plurality of
workpieces in a single printing operation without any re-positioning of the
stencil. In a placement machine, for example, the tooling fixture allows for
the placement of components on a plurality of workpieces in a single

operation without any re-referencing of the pick-and-place robotic arm.

It is an aim of the present invention to provide an improved workpiece
carrier which automatically provides for the precise individual positioning of
a plurality of workpieces, in particular flexible workpieces, when loaded
thereon and does not require any subsequent positioning operations to align

the workpieces to the workpiece carrier.

In one aspect the present invention provides a workpiece carrier for
supporting a plurality of workpieces, preferably flexible workpieces, the
workpiece carrier comprising: a plurality of workpiece supports, each for
supporting a workpiece; and a plurality of workpiece positioners, each
associated with a respective one of the workpiece supports and being
operative to position a workpi_ece at a predetermined position in the
respective workpiece support, wherein the workpiece positioners each
comprise a plurality of biasing elements which are disposed in opposed
relation and configured laterally outwardly to bias the workpiece to tension

the workpiece and position the workpiece at the predetermined position.

In one embodiment the workpiece positioners are each configured
automatically to position a workpiece at the predetermined position in the
respective workpiece support when loaded thereinto, without requiring any

subsequent positioning operations.

In one embodiment the workpiece positioners are each configured such that
workpieces are repeatedly positioned at the predetermined position when
loaded into the respective workpiece support.

In one embodiment the workpiece supports each include a support platform

for supporting a workpiece over the surface thereof.
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In one embodiment the biasing elements are configured laterally to engage
respective engagement features of a workpiece and apply an outwardly-
directed biasing force thereto.

In one embodiment the engagement features comprise recesses.

In one embodiment the engagement features comprise through apertures.

In one embodiment the workpiece positioners each comprise first and

second pairs of biasing elements.

In one embodiment the biasing elements have matched biasing forces.

In one embodiment the biasing elements comprise spring elements.

In one embodiment the spring elements each comprise a spring contact for
engaging an engagement feature of a workpiece when supported on the
respective workpiece support, and a spring arm which is deflectable inwardly

and operative resiliently to bias the spring contact laterally outwardly.

In one embodiment the spring contact has an arcuate workpiece-contact
face.

In one embodiment the spring arm is operative to bias the spring contact

laterally outwardly.
In one embodiment the spring arm is substantially linear.
In one embodiment the workpieces are substantially rectangular, and the

spring arms are configured to extend substantially parallel to one opposite

pair of sides of the respective workpiece.
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In another embodiment the workpieces are substantially rectangular, and

the spring arms are inclined to one opposite pair of sides of the respective

workpiece.
In another embodiment the spring arm is arcuate.

In one embodiment the spring elements are configured to apply a tensive

force with force components along a single axis.

In another embodiment the spring elements are configured to apply a
tensive force with force components through a central region of the

respective workpiece.
In one embodiment the spring elements are configured to apply a tensive
force with force components through substantially the center of the

respective workpiece.

In one embodiment the workpiece carrier comprises: a support member

which provides the workpiece supports.
In one embodiment the support member comprises a plate member.

In one embodiment the workpiece carrier comprises: a positioning member

which provides the wdrkpiece positioners.

In one embodiment the positioning member comprises a sheet body which

defines the workpiece positioners.

In one embodiment the sheet body is of spring steel.

In another aspect the present invention provides a workpiece carrier
loading/unloading system, comprising: a workpiece carrier for supporting a

plurality of workpieces, preferably flexible workpieces, the workpiece carrier

comprising: a plurality of workpiece supports, each for supporting a
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workpiece; and a plurality of workpiece positioners, each associated with a
respective one of the workpiece supports and being operative to position a
workpiece at a predetermined position in the respective workpiece support,
wherein the workpiece positioners each comprise a plurality of biasing
elements which are disposed in opposed relation and configured laterally
outwardly to bias the workpiece to tension the workpiece and position the
workpiece at the predetermined position; and a workpiece loading/unioading
assembly for loading and unloading workpieces into and from the workpiece

supports of the workpiece carrier.

In one embodiment the workpiece carrier loading/unloading assembly
comprises a body unit for supporting the workpiece carrier, and a plurality of
actuator units, which are disposed to the body unit in an arrangement
corresponding to the workpiece supports of the workpiece carrier and are
operable to allow for loading and unloading of workpieces into and from the
workpiece supports of the workpiece carrier in loading and unloading

operations.

In one embodiment the workpiece carrier loading/unloading assembly
comprises a plurality of positioning elements which act to fix the position of

the workpiece carrier when mounted on the body unit.

In one embodiment the actuator units each comprise a plurality of actuator
pins which are operable between a first, actuated position in which the
actuator pins engage the biasing elements of the respective workpiece
support and configure the biasing elements to allow loading or unloading of
a workpiece, and a second position in which the biasing elements are
configured to tension a workpiece when supported on the workpiece

support.

In one embodiment, when the workpiece carrier is mounted on the body
unit, the actuator pins are located adjacent the spring arms of the spring
elements of the respective workpiece support and operation of the actuator

pins to the actuated position acts to deflect the spring arms inwardly.
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In a further aspect the present invention provides a method of loading
workpieces into a workpiece carrier, comprising the steps of: providing a
workpiece carrier for supporting a plurality of workpieces, preferably flexible
workpieces, the workpiece carrier comprising: a plurality of workpiece
supports, each for supporting a workpiece; and a plurality of workpiece
positioners, each associated with a respective one of the workpiece supports
and being operative to position a workpiece at a predetermined position in
the respective workpiece support, wherein the workpiece positioners each
comprise a plurality of biasing elements which are disposed in opposed
relation and configured laterally outwardly to bias the workpiece to tension
the workpiece and position the workpiece at the predetermined position;
providing a workpiece loading assembly for loading workpieces into the
workpiece supports of the workpiece carrier; and utilizing the workpiece
loading assembly to load workpieces into the workpiece supports of the

workpiece carrier.

In one embodiment the workpiece carrier loading assembly comprises a
body unit for supporting the workpiece carrier, and a plurality of actuator
units, which are disposed to the body unit in an arrangement corresponding
to the workpiece supports of the workpiece carrier, and the step of utilizing
the workpiece loading assembly comprises the steps of: first operating one
or more of the actuator units to engage the biasing elements of the
respective workpiece positioners and position the same to receive
workpieces; loading workpieces onto the respective workpiece supports; and
second operating the one or more of the actuator units to release the
biasing elements of the respective workpiece positioners to tension the

supported workpieces.

In one embodiment the actuator units each comprise a plurality of actuator
pins which are operable between a first, actuated position in which the
actuator pins engage the biasing elements of the respective workpiece
positioner and configure the biasing elements to allow loading of a

workpiece and a second, released position in which the biasing elements are
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configured to tension a workpiece when supported on the workpiece
support, the first operating step comprises the step of moving the actuator
pins to the actuated position in which the actuator pins engage the biasing
elements of the respective workpiece positioner and configure the biasing
elements to allow loading of a workpiece, and the second operating step
comprises the step of moving the actuator pins to release the biasing
~ elements of the respective workpiece positioner and configure the biasing

elements to tension the supported workpiece.

In one embodiment the biasing elements comprise spring elements, which
each comprise a'spring contact for engaging an engagement feature of a
workpiece when supported on the respective workpiece support, and a
spring arm which is deflectable inwardly and operative resiliently to bias the
spring contact laterally outwardly, and, when the workpiece carrier is
mounted on the body unit, the actuator pins are located adjacent the spring
arms of the spring elements of the respective workpiece positioner and
operation of the actuator pins to the actuated position acts to deflect the

spring elements inwardly.

In a yet further aspect the present invention provides a method of unloading
workpieces from a workpiece carrier, comprising the steps of: providing a
workpiece carrier for supporting a plurality of workpieces, preferably flexible
workpieces, the workpiece carrier comprising: a plurality of workpiece
supports, each for supporting a workpiece; and a plurality of workpiece
positioners, each associated with a respective one of the workpiece supports
and being operative to position a workpiece at a predetermined position in
the respective workpiece support, wherein the workpiece positioners each
comprise a plurality of biasing elements which are disposed in opposed
relation and configured laterally outwardly to bias the workpiece to tension
the workpiece and position the workpiece at the predetermined position;
providing a workpiece unloading assembly for unloading workpieces from
the workpiece supports of the workpiece carrier; and utilizing the workpiece
unloading assembly to unload workpieces from the workpiece supports of

the workpiece carrier.
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In one embodiment the workpiece carrier unloading assembly comprises a
body unit for supporting the workpiece carrier, and a plurality of actuator
units, which are disposed to the body unit in an arrangement corresponding
to the workpiece supports of the workpiece carrier, and the step of utilizing
the workpiece unloading assembly comprises the steps of: first operating
one or more of the actuator units to engage the biasing elements of the
respective workpiece positioners and position the same to release the
supported workpieces; and unloading workpieces from the respective

workpiece supports.

In one embodiment the actuator units each comprise a plurality of actuator
pins which are operable between a first, released position and a second,
actuated position in which the actuator pins engage the biasing elements of
the respective workpiece positioner and configure the biasing elements to
allow unloading of a workpiece, and the operating step comprises the step of
moving the actuator pins to the actuated position in which the actuator pins
engage the biasing elements of the respective workpiece positioner and

configure the biasing elements to allow unloading of a workpiece.

In one embodiment the biasing elements comprise spring elements, which
each comprise a spring contact for engaging an engagement feature of a
workpiece when supported on the respective workpiece support, and a
spring arm which is deflectable inwardly and operative resiliently to bias the
spring contact laterally outwardly, and, when the workpiece carrier is
mounted on the body unit, the actuator pins are located adjacent the spring
arms of the spring elements of the respective workpiece positioner and
operation of the actuator pins to the actuated position acts to deflect the

spring elements inwardly.
Preferred embodiments of the present invention will now be described

hereinbelow by way of example only with reference to the accompanying

drawings, in which:
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Figure 1 illustrates a perspective view of a workpiece carrier in accordance
with a preferred embodiment of the present invention, as illustrated partially

filled with workpieces;

Figure 2 illustrates in enlarged scale an exploded fragmentary perspective

view (region A in Figure 1) of the workpiece carrier of Figure 1;

Figure 3 illustrates a workpiece carrier loading/unloading system in

accordance with a preferred embodiment of the present invention;

Figure 4 illustrates the workpiece carrier loading/unloading system of Figure

3 with the workpiece carrier of Figure 1 loaded thereon;

Figures 5(a) to (f) illustrate the steps in a loading operation in loading
workpieces into a workpiece carrier of the present invention where utilizing

the workpiece carrier loading/unloading system of Figure 3;

Figures 5(g) to (1) illustrate the steps in an unloading operation in unloading
workpieces from a workpiece carrier of the present invention where utilizing

the workpiece carrier loading/unloading system of Figure 3;

Figure 6 illustrates in enlarged scale a fragmentary view of one modified

positioning member for the workpiece carrier of Figure 1;

Figure 7 illustrates in enlarged scale a fragmentary view of another modified

positioning member for the workpiece carrier of Figure 1; and

Figure 8 illustrates a perspective view of a prior art workpiece carrier for
supporting a plurality of workpieces, as illustrated partially filled with
workpieces.

Figures 1 and 2 illustrate a workpiece carrier 103 in accordance with a

preferred embodiment of the present invention. which provides for the

precise and automatic individual positioning of a plurality of workpieces 105
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when loaded thereon, without requirihg any subsequent positioning

operations,' typically to enable operation by a machine, such as a printing,

deposition or placement machine.

For the purposes of illustration, the workpiece carrier 103 is illustrated only

partially filled with workpieces 105.

The workpiece carrier 103 of this embodiment has particular application with
flexible workpieces 105, such as flexible strips, for example, ball grid array
(BGA) strips, and flexible circuit boards, which do not readily allow for the
application of a compressive biasing force, where the application of a
compressive load would tend to buckle the workpieces 105. As will be
described in more detail hereinbelow, the workpiece carrier 103 of this
embodiment acts to tension the supported workpieces 105, both to position
the workpieces 105 relative to the workpiece carrier 103 and also render the

workpieces 105 flat.

The workpiece carrier 103 comprises a lower, support member 107, in this
embodiment a supporting plate, which includes a plurality of workpiece
supports/support elements 109, in this embodiment four workpiece support
elements 109 arranged in parallel, side-by-side relation, for supporting
respective ones of the workpieces 105. In other embodiments the support
member 107 could include any number of workpiece support elements 109,

which could be arranged in any configuration and have any shape.

In this embodiment the support member 107 is formed of a synthetic
material, such as a plastics material or a re-inforced plastics material, and
can be machined or moulded. In another embodiment the support member

107 could be formed of a metal.

The workpiece support elements 109 each include a support platform 111, in
this embodiment a substantially rectangular, planar platform, for supporting
a workpiece 105 over the entire surface thereof. As mentioned hereinabove,

the workpiece carrier 103 of this embodiment has particular application to
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flexible workpieces 105, and the support platform 111 provides the
necessary support to allow for operation on a supported workpiece 105,

such as by means of a squeegee in a printing operation.

The workpiece support elements 109 each further include a plurality of
tooling passages 117, in this embodiment through holes, which are located
at the respective sides thereof, in this embodiment four tooling passages
117 which are located adjacent the respective corners of the support
platform 111. As will be described in more detail heréinbelow, the tooling
passages 117 allow for the introduction of tooling in order to effect the
loading and unloading of a workpiece 105 into and from the workpiece

support element 109 when using a loading/unloading mechanism.

The support member 107 further comprises a plurality of, in this
embodiment four positioning recesses 119, here through holes, which are
disposed at spaced locations therein, in this embodiment at the corner
regions of the support member 107. As will be described in more detail
hereinbelow, the positioning recesses 119 are configured to receive
positioning elements 206 on a workpiece carrier loading/unloading assembly
203, which is used to load/unload workpieces 105 into and from the
workpiece carrier 103, and act to position the workpiece carrier 103 on the

workpiece carrier loading/unloading assembly 203.

The support member 107 further cdmprises a plurality of, in this
embodiment four engagement recesses 121 which are disposed at spaced
locations therein, in this embodiment at opposite sides of the support
member 107. As will be described in more detail hereinbelow, the
e‘ngagement recesses 121 receive fixing elements 147 which are formed in a
positioning member 125 and act to hold together the support member 107

and the positioning member 125 as a unitary structure.
The workpiece carrier 103 further comprises a positioning member 125, in

this embodiment formed of a sheet body, which is disposed on the support

member 107 and includes a plurality of workpiece positioners/positioning
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elements 129, in this embodiment four workpiece positioning elements 129
arranged in parallel, side-by-side relation and having the same configuration
as the workpiece support elements 109 of the support member 107, which
act automatically, precisely and individually to position respective ones of
the workpieces 105 in relation to the respective workpiece support elements
109, and also function to provide a tensive force to the workpieces 105,
which ensures that the workpieces 105 remain flat on the respective support
platforms 111. In other embodiments the positioning member 125 could
include any number of workpiece positioning elements 129, where having
the same configuration and shape as the workpiece support elements 109 of

the support member 107.

The workpiece positioning elements 129 each include a through aperture
131, in this embodiment a substantially rectangular aperture, which has the
same shape as the support platform 111 of the respective workpiece support
element 109 and is such that the support platform 111 projects
therethrough, and a plurality of spring elements 135 which are disposed
about the periphery of the aperture 131 such as to engage a workpiece 105,
in this embodiment four spring elements 135 which are configured to
engage a workpiece 105 at the respective corners thereof, such as to
provide for the automatic positioning of a workpiece 105 when loaded onto

the workpiece support element 109.

In this embodiment the spring elements 135 each comprise a spring contact
137, here in the form of an upstanding stud, which includes a workpiece-
contact face 139, here an outwardly-facing arcuate face, which laterally
engages a counterpart engagement feature 141 of the workpiece 105, here
a recess, typically as provided by a through aperture, and a resilient arm
143 which resiliently connects the spring contact 137 to the body of the
positioning member 125, such as to bias the spring contact 137, and the
workpiece-contact face 139 thereof, outwardly relative to the engagement
feature 141 of the workpiece 105, here in a direction substantially along the
length of the aperture 131 of the workpiece positioning element 129, and
hence along the length of the supported workpiece 105.
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In this embodiment the resilient arms 143 are substantially linear arms
which extend substantially parallel to one opposite pair of sides, here the
shorter sides, of the aperture 131 from a central region of the respective

sides.

In this embodiment the positioning member 125 further includes a plurality
of tool-receiving apertures 145, which are disposed adjacent and to the
outer side of each of the resilient arms 143 and are configured to receive
tooling which is operative to deflect the spring elements 135 in order to
effect the loading and unloading of workpieces 105 into and from the
respective workpiece support element 109 when using a workpiece

loading/unloading mechanism.

With this configuration, the spring elements 135 are deflectable inwardly
relative to the aperture 131 of the respective workpiece positioning element
129 by tooling to allow for the loading of a workpiece 105 into the workpiece
positioning element 129, and, on removal of the tooling, the resilience of the
resilient arms 143 acts to bias the spring contacts 137 outwardly, such as
automatically and individually precisely to position the loaded workpiece

105, without requiring any subsequent positioning operation.

The positioning member 125 further comprises a plurality of, in this
embodiment four positioning recesses 146, here through holes, which are
disposed at spaced locations therein, in this embodiment at the corner
regions of the positioning member 125 in correspondence with the
positioning recesses 119 in the support member 107. As will be described in
more detail hereinbelow, the positioning recesses 146 are configured to
receive positioning elements 206 on a workpiece carrier loading/unloading
assembly 203, which is used to load/unload wbrkpi_eces 105 into and from
the workpiece carrier 103, and act to position the positioning member 125

on the workpiece carrier loading/unloading assembly 203.
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The positioning member 125 vfurther comprises a plurality of, in this
embodiment four fixing elements 147, in this embodiment clips, here snap
clips, which are disposed at spaced locations therein in correspondence to
the engagement recesses 121 in the support member 107, and act to
engage the engagement recesses 121 in the support member 107, such as
to hold together the support member 107 and the positioning member 125
as a unitary structure and also fix the position of the positioning member

125 relative to the support member 107.

In this embodiment the use of fixing elements 147 as the means of fixing
together the components of the workpiece carrier 103 advantageously
allows for quick and easy assembly and dis-assembly, in the event that
modification or repair is required. In other embodiments, other means of
fixing could be employed, such as adhesive bonding, spot-welding and

riveting.

In this embodiment the spring elements 135 are precision formed, typically
by laser cutting or chemical milling, such as to have a precise and
predetermined spatial arrangement, and also to ensure that the spring force
of the spring elements 135 is matched, such as to ensure that the

workpieces 105 are precisely positioned.

In this embodiment the sheet body of the positioning member 125 is formed
of a spring steel, but could be formed of any other material which provides
the spring elements 135 with the necessary characteristics which provide for

the repeated accurate positioning of the supported workpieces 105.

The positioning member 125 further comprises at least two fiducials 149,
which enable the alignment of the workpiece carrier 103 when mounted in a
machine. As the workpieces 105 which are mounted in the workpiece
carrier 103 are automatically and individually pre-positioned by the
respective workpiece positioning elements 129, it is only necessary to align

the workpiece carrier 103.

CONDIRAATION COPY



WO 2009/063193 PCT/GB2008/003808
17 .

In one embodiment workpieces 105 can be manually loaded and unloaded
into and from the workpiece support elements 109. In this manual
operation, the engagement features 141 at one of the ends of a workpiece
105 are engaged on the counterpart contact elements 137 of the spring
elements 135, and the workpiece 105 is biased manually against the biasing
force of the spring elements 135 at the one end of the workpiece 105 and
the engagement features 141 at the other end of the workpiece 105 are
engaged on the counterpart contact elements 137 of the spring elements
135 at the other end of the workpiece 105.

In another, preferred embodiment loading and unloading of workpieces 105
is achieved using a workpiece carrier loading/unloading assembly 203, as
will be described hereinbelow with reference to Figures 3 to 5 of the

. accompanying drawings.

Figure 3 illustrates a workpiece carrier loading/unloading assembly 203 in
accordance with a preferred embodiment of the present invention for loading
or unloading a plurality of workpieces 105 into and from the workpiece

carrier 103.

The workpiece carrier loading/unloading assembly 203 comprises a body
unit 205, in this embodiment a box section, here of rectangular shape, a
plurality of positioning elements 206 which act to fix the position of a
workpiece carrier 103 when mounted on the body unit 205, a plurality of
actuator units 207 which are disposed to an upper surface of the body unit
205 in an arrangement corresponding to the arrangement of the workpiece
support elements 109 of the workpiece carrier 103, in this embodiment four
actuator units 207 in parallel, side-by-side relation, and are operable to
allow for loading and unloading of workpieces 105 into the workpiece
support elements 109 of the workpiece carrier 103 in loading and unloading

operations, as will be described in more detail hereinbelow.

The actuator units 207 each comprise at least one, in this embodiment a

plurality of upstanding actuator pins 211, here four actuator pins 211, which
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are arranged in correspondence with the tool-receiving apertures 145
adjacent the resilient arms 143 of the spring elements 135 of a respective
one of the workpic—.lce support elements 109 of the workpiece carrier 103,
such that, when the workpiece carrier 103 is mounted on the body unit 205,
the actuator pins 211 extend into respective ones of the tool-receiving
apertures 145. In this embodiment the actuator pins 211 have a length
which is such as to extend to a height just below the surface of the support
platforms 111, such as to prevent the actuator pins 211 from impinging on

the supported workpieces 105.

The actuator pins 211 each comprise a body section 213 which is rotatably
coupled to the body unit 205, in this embodiment about a vertical axis, and
an actuator section 215, in this embodiment a flat blade, which is configured
to extend into the tool-receiving aperture 145 adjacent the resilient arm 143
of the respective spring element 135. As will be described in more detail
hereinbelow, the actuator pins 211 are rotatable between a first, rest
configuration, as illustrated in Figure 5(a), in which the workpiece carrier
103 can be mounted onto the body unit 205, and a second, actuated
configuration, as illustrated in Figure 5(c), in which the actuator sections
215 of the actuator pins 211 engage the resilient arms 143 of the respective
spring elements 135 and bias the spring contacts 137 inwardly to allow for
the loading and unloading of workpieces 105 to and from the workpiece

support elements 109.

The workpiece carrier loading/unloading assembly 203 further comprises an
actuator member 221, in this embodiment a lever, which is operatively
coupled to each of the actuator pins 211, in this embodiment by a linkage
assembly (not illustrated), between a first, rest position, in which the
actuator pins 211 are in the rest configuration to allow for the loading and
unloading of the workpiece carrier 203 to and from the body unit 205 and an
actuated position, in which the actuator pins 211 are rotated to the actuated
configuration in which the actuator sections 215 of the actuator pins 211

engage the resilient arms 143 of the respective spring elements 135 and
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bias the spring contacts 137 inwardly to allow for the loading and unloading

of workpieces 105 to and from the workpiece support elements 109.

Operation of the workpiece carrier loading/unloading assembly 203 is

illustrated in Figures 5 of the accompanying drawings.

First, as illustrated in Figures 5(a) to (f), workpieces 105 are loaded onto the

workpiece carrier 103.

In a first loading step, as illustrated in Figure 5(a), a workpiece carrier 103

is disposed over the workpiece carrier loading/unloading assembly 203.

In a second loading step, as illustrated in Figure 5(b), with the actuator
member 221 of the workpiece carrier loading/unloading assembly 203 de-
actuated, in this embodiment in the rest position, the workpiece carrier 103
is loaded onto the workpiece carrier loading/unloading assembly 203, which
causes the actuator pins 211 of each of the actuator units 207 to pass into
the tooling apertures 145 adjacent the resilient arms 143 of the spring
elements 135. It is to be understood that loading of the workpiece carrier
loading/unloading assembly 203 can be achieved by fixing the position of
the workpiece carrier 103 and raising the workpiece carrier
loading/unloading assembly 203, fixing the position of the workpiece carrier
loading/unloading assembly 203 and lowering the workpiece carrier 103 or
both raising the workpiece carrier loading/unloading assembly 203 and

lowering the workpiece carrier 103.

In a third loading step, as illustrated in Figure 5(c), the actuator member
221 of the workpiece carrier loading/unloading assembly 203 is actuated, in
this embodiment by moving the same to the actuated position, which causes
the actuator sections ‘215 of the actuator pins 211 to engage the resilient
arms 143 of the respective spring elements 135 and bias the spring contacts
137 inwardly to allow for the loading of workpieces 105 into the workpiece
support elements 109,
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In a fourth loading step, as illustrated in Figure 5(d), workpieces 105 are
loaded into the workpiece support elements 109 as required, with the
engagement features 141 on the workpieces 105 being located on
counterpart ones of the spring contacts 137 of the spring elements 135. For
ease of understanding, part of the illustrated workpiece 105 is shown in

phantom.

In a fifth loading step, as illustrated in Figure 5(e), the actuator member
221 of the workpiece carrier loading/unloading assembly 203 is de-actuated,
in this embodiment by returning the same to the rest position, which causes
the spring elements 135 of each of the vyorkpiece positioning elements 129 A
gradually to return outwardly, in this embodiment through dis-engagement
of the actuator sections 215 of the actuator pins 211 from the resilient arms
143 of the spring elements 135, until such point that the actuator pins 211
of each of the workpiece locating units 207 are dis-engaged from the spring
elements 135 of the respective workpiece positioning elements 129 and the
workpieces 105 are laterally outwardly biased, in this embodiment along the
length thereof, by the spring contacts 137 under the bias of the resilient
arms 143 of the spring elements 135. When so biased, the workpieces 105
are both positioned accurately in the workpiece carrier 103 and also
rendered flat on the support platforms 111 of the respective workpiece
support elements 109. As described hereinabove, as a result of matching
the spring force of the spring contacts 135, the workpieces 105 are
automatically positioned in the desired position, such that no post-

positioning operations are necessary.

In a final step, as illustrated in Figure 5(f), the workpiece carrier 103 is

removed from the workpiece carrier loading/unloading assembly 203.

Following this loading operation, the workpiece carrier 103 having the
workpieces 105 loaded thereon is ready for operation in a machine, either in
situ or ex situ, and the machine operation requires a single alignment
operation of the workpiece carrier 103, through use of the fiducials 149, and

no individual alignment of each of the respective workpieces 105.
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Following operation in the machine, an unloading operation, as illustrated in
Figures 5(g) to (l) is performed in order to unload the workpieces 105 from

the workpiece carrier 103.

In a first unloading step, as illustrated in Figure 5(g), the workpiece carrier

103 is disposed over the workpiece carrier loading/unloading assembly 203.

In a second unloading step, as illustrated in Figure 5(h), with the actuator
member 221 of the workpiece carrier loading/unloading assembly 203 de-
actuated, in this embodiment in the rest position, the workpiece carrier 103
is located on the workpiece carrier loading/unloading assembly 203, which
causes the actuator pins 211 of each of the actuator units 207 to pass into
the tooling apertures 145 adjacent the resilient arms 143 of the spring
elements 135 of the respective workpiece positioning elements 129. Itis to
be understood that loading of the workpiece carrier loading/unloading
assembly 203 can be achieved by fixing the position of the workpiece carrier
103 and raising the workpiece carrier loading/unloading assembly 203,
fixing the position of the workpiece carrier loading/unloading assembly 203
and lowering the workpiece carrier 103 or both raising the workpiece carrier

loading/unioading assembly 203 and lowering the workpiece carrier 103.

In a third unloading step, as illustrated in Figure 5(i), the actuator member
221 of the workpiece carrier loading/unloading assembly 203 is actuated, in
this embodiment by moving the same to the actuated position, which causes
the actuator sections 215 of the actuator pins 211 to engage the resilient
arms 143 of the respective spring elements 135 and bias the spring contacts
137 inwardly to allow for the unloading of workpieces 105 from the

workpiece support elements 109.

In a fourth unloading step, as illustrated in Figure 5(j), workpieces 105 are

unloaded from the workpiece carrier 103.
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In a fifth unloading step, as illustrated in Figure 5(k), the actuator member
221 of the workpiece carrier loading/unloading assembly 203 is de-actuated,
in this embodiment by returning the same to the rest position, which causes
the spring elements 135 of each of the workpiece positioning elements 129
gradually to return outwardly, in this embodiment through dis-engagement
of the actuator sections 215 of the actuator pins 211 from the resilient arms
143 of the spring elements 135, until such point that the actuator pins 211
of each of the workpiece locating units 207 are dis-engaged from the spring
elements 135 of the respective workpiece positioning elements 129 and the

spring elements 135 are in the rest configuration.

In a final step, as illustrated in Figure 5(1), the workpiece carrier 103 is

removed from the workpiece carrier loading/unloading assembly 203.

Figure 6 illustrates one modified positioning member 125 for the workpiece

carrier 103 of the above-described embodiment.

In this embodiment the resilient arms 143 are inclined to the respective
opposite sides of the aperture 131 such as to apply a tensive force through a
central region of a supported workpiece 105, and preferably through the
center of the supported workpiece 105. In this embodiment, by providing
for tension components in two axes, flatness of the supported workpiece 105

is promoted.

Figure 7 illustrates another modified positioning member 125 for the

workpiece carrier 103 of the above-described embodiment.

In this embodiment the resilient arms 143 are arcuate elements which are
such as to apply a tensive force through a central region of a supported
‘workpiece 105, and preferably through the center of the supported
workpiece 105. Again, in this embodiment, by providing for tension
components in two axes, flatness of the supported workpiece 105 is

promoted.
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Finally, it will be understood that the present invention has been described
in its preferred embodiments and can be modified in many different ways
without departing from the scope of the invention as defined by the

appended claims.

For example, in one modification, the workpiece loading/unloading assembly
203 can include a plurality of actuator members 221, such that each
actuator member 221 operates a limited number of actuator units 207, in

one embodiment one actuator member 221 for each actuator unit 207.
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CLAIMS

1. A workpiece carrier for supporting a plurality of workpieces, preferably
flexible workpieces, the workpiece carrier comprising:
a plurality of workpiece supports, each for supporting a workpiece;
and
a plurality of workpiece positioners, each associated with a respective
one of the workpiece supports and being operative to position a
workpiece at a predetermined position in the respective workpiece
support, wherein the workpiece positioners each comprise a plurality
of biasing elements which are disposed in opposed relation and
configured laterally outwardly to bias the workpiece to tension the

workpiece and position the Workpiece at the predetermined position.

2. The workpiece carrier of claim 1, wherein the workpiece positioners
are each configured automatically to position a workpiece at the
predetermined position in the respective workpiece support when
loaded thereinto, without requiring any subsequent positioning

operations.

3. The workpiece carrier of claim 1 or 2, wherein the workpiece
positioners are each configured such that workpieces are repeatedly
positioned at the predetermined position when loaded into the

respective workpiece support.

4, The workpiece carrier of any of claims 1 to 3, wherein the workpiece
supports each include a support platform for supporting a workpiece

over the surface thereof.

5. The workpiece carrier of any of claims 1 to 4, wherein the biasing
elements are configured laterally to engage respective engagement
features of a workpiece and apply an outwardly-directed biasing force

thereto.

CONFIRMATIUN COPY



WO 2009/063193 PCT/GB2008/003808

10.

11.

12.

13.

14.

15.

25

The workpiece carrier of claim 5, wherein the engagement features

comprise recesses.

The workpiece carrier of claim 5, wherein the ehgagement features

comprise through apertures.

The workpiece carrier of any of claims 1 to 7, wherein the workpiece

positioners each comprise first and second pairs of biasing elements.

The workpiece carrier of any of claims 1 to 8, wherein the biasing

elements have matched biasing forces.

The workpiece carrier of any of claims 1 to 9, wherein the biasing

elements comprise spring elements.

The workpiece carrier of claim 10, wherein the spring elements each
comprise a spring contact for engaging an engagement feature of a
workpiece when supported on the respective workpiece support, and a
spring arm which is deflectable inwardly and operative resiliently to

bias the spring contact laterally outwardly.

The workpiece carrier of claim 11, wherein the spring contact has an

arcuate workpiece-contact face.

The workpiece carrier of claim 11 or 12, wherein the spring arm is

- operative to bias the spring contact laterally outwardly.

The workpiece carrier of any of claims 11 to 13, wherein the spring

arm is substantially linear.

The workpiece carrier of claim 14, wherein the workpieces are
substantially rectangular, and the spring arms are configured to
extend substantially parallel to one opposite pair of sides of the

respective workpiece.
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The workpiece carrier of claim 14, wherein the workpieces are
substantially rectangular, and the spring arms are inclined to one

opposite pair of sides of the respective workpiece.

The workpiece carrier of any of claims 11 to 13, wherein the spring

arm is arcuate.

The workpiece carrier of any of claims 1 to 17, wherein the spring
elements are configured to apply a tensive force with force

components along a single axis.

The workpiece carrier of any of claims 1 to 17, wherein the spring
elements are configured to apply a tensive force with force

components through a central region of the respective workpiece.
The workpiece carrier of claim 19, wherein the spring elements are
configured to apply a tensive force with force components through

substantially the center of the respective workpiece.

The workpiece carrier of any of claims 1 to 20, comprising:

a support member which provides the workpiece supports.

The workpiece carrier of claim 21, wherein the support member

comprises a plate member.

The workpiece carrier of any of claims 1 to 22, comprising:

a positioning member which provides the workpiece positioners.

The workpiece carrier of claim 23, wherein the positioning member

comprises a sheet body which defines the workpiece positioners.

The workpiece carrier of claim 24, wherein the sheet body is of spring

steel.
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A workpiece carrier loading/unloading system, comprising:

a workpiece carrier for supporting a plurality of workpieces, preferably
flexible workpieces, the workpiece carrier comprising: a plurality of
workpiece supports, each for supporting a workpiece; and a plurality
of workpiece positioners, each associated with a respective one of the
workpiece supports and being operative to position a workpiece at a
predetermined position in the respective workpiece support, wherein
the workpiece positioners each comprise a plurality of biasing
elements which are disposed in opposed relation and configured
laterally outwardly to bias the workpiece to tension the workpiece and
position the workpiece at the predetermined position; and

a workpiece loading/unloading assembly for loading and unloading
workpieces into and from the workpiece supports of the workpiece

carrier.

The system of claim 26, wherein the workpiece carrier
loading/unioading assembly comprises a body unit for supporting the
workpiece carrier, and a plurality of actuator units, which are disposed
to the body unit in an arrangement corresponding to the workpiece
supports of the workpiece carrier and are operable to allow for loading
and unloading of workpieces into and from the workpiece supports of

the workpiece carrier in loading and unloading operations.

The system of claim 27, wherein the workpiece carrier
loading/unloading assembly comprises a plurality of positioning
elements which act to fix the position of the workpiece carrier when

mounted on the body unit.

The system of claim 27 or 28, wherein the actuator units each
comprise a plurality of actuator pins which are operable between a
first, actuated position in which the actuator pins engage the biasing
elements of the respective workpiece support and configure the

biasing elements to allow loading or unloading of a workpiece, and a
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second position in which the biasing elements are configured to

tension a workpiece when supported on the workpiece support.

The system of claim 29 when appendant upon claim 11, wherein,

when the workpiece carrier is mounted on the body unit, the actuator

pins are located adjacent the spring arms of the spring elements of
the respective workpiece support and operation of the actuator pins to

the actuated position acts to deflect the spring arms inwardly.

A method of loading workpieces into a workpiece carrier, comprising
the steps of:

providing a workpiece carrier for supporting a plurality of workpieces,
preferably flexible workpieces, the workpiece carrier comprising: a
plurality of workpiece supports, each for supporting a workpiece; and
a plurality of workpiece positioners, each associated with a respective
one of the workpi‘ece supports and being operative to position a
workpiece at a predetermined position in the respective workpiece
support, wherein the workpiece positioners each comprise a plurality
of biasing elements which are disposed in opposed relation and
configured laterally outwardly to bias the workpiece to tension the
workpiece and position the workpiece at the predetermined position;
providing a workpiece loading assembly for loading workpieces into
the workpiece supports of the workpiece carrier; and

utilizing the workpiece loading assembly to load workpieces into the

workpiece supports of the workpiece carrier.

The method of claim 31, wherein the workpiece carrier loading
assembly comprises a body unit for supporting the workpiece carrier,
and a plurality of actuator units, which are disposed to the body unit
in an arrangement corresponding to the workpiece supports of the
workpiece carrier, and the step of utilizing the workpiece loading

assembly comprises the steps of:
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first operating one or more of the actuator units to engage the biasing
elements of the respective workpiece positioners and position the
same to receive workpieces;

loading workpieces onto the respective workpiece supports; and
second"operating the one or more of the actuator units to release the
biasing elements of the respective workpiece positioners to tension

the supported workpieces.

The method of claim 32, wherein the actuator units each comprise a
plurality of actuator pins which are operable between a first, actuated
position in which the actuator pins engage the biasing elements of the
respective workpiece positioner and configure the biasing elements to
allow loading of a workpiece and a second, released position in which
the biasing elements are configured to tension a workpiece when
supported on the workpiece support, the first operating step
comprises the step of moving the actuator pins to the actuated
position in which the actuator pins engage the biasing elements of the
respective workpiece positioner and configure the biasing elements to
allow loading of a workpiece, and the second operating step
comprises the step of moving the act.uator pins to release the biasing
elements of the respective workpiece positioner and configure the

biasing elements to tension the supported workpiece.

The method of claim 33, wherein the biasing elements comprise
spring elements, which each comprise a spring contact for engaging
an engagement feature of a workpiece when supported on the
respective workpiece support, and a spring arm which is deflectable
inwardly and operative resiliently to bias the spring contact laterally
outwardly, and, when the workpiece carrier is mounted on the body
unit, the actuator pins are located adjacent the spting arms of the
spring elements of the respective workpiece positioner and operation
of the actuator pins to the actuated position acts to deflect the spring

elements inwardly.
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A method of unloading workpieces from a workpiece carrier,
comprising the steps of: _
providing a workpiece carrier for supporting a plurality of workpieces,
preferably flexible workpieces, the workpiece carrier comprising: a
plurality of workpiece supports, each for supporting a workpiece; and
a plurality of workpiece positioners, each associated with a respective
one of the workpiece supports and being operative to position a
workpiece at a predetermined position in the respective workpiece
support, wherein the workpiece positioners each comprise a plurality
of biasing elements which are disposed in opposed relation and
configured laterally outwardly to bias the workpiece to tension the
workpiece and position the workpiece at the predetermined position;
providing a workpiece unloading assembly for unloading workpieces
from the workpiece supports of the workpiece carrier; and

utilizing the workpiece unloading assembly to unload workpieces from

the workpiece supports of the workpiece carrier.

The method of claim 35, wherein the workpiece carrier unloading
assembly comprises a body unit for supporting the workpiece carrier,
and a plurality of actuator units, which are disposed to the body unit
in an arrangement corresponding to the workpiece supports of the
workpiece carrier, and the step of utilizing the workpiece unloading
assembly comprises the steps of:

first operating one or more of the actuator units to engage the biasing
elements of the respective workpiece  positioners and position the
same to release the supported workpieces; and

unloading workpieces from the respective workpiece supports.

The method of claim 36, wherein the actuator units each comprise a
plurality of actuator pins which are operable between a first, released
position and a second, actuated position in which the actuator piné
engage the biasing elements of the respective workpiece positioner
and configure the biasing elements to allow unloading of a workpiece,

and the operating step comprises the step of moving the actuator pins
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to the actuated position in which the actuator pins engage the biasing

elements of the respective workpiece positioner and configure the

“biasing elements to allow unloading of a workpiece.

The method of claim 37, wherein the biasing elements comprise
spring elements, which each comprise a spring contact for engaging
an engagement feature of a workpiece when supported on the
respective workpiece support, and a spring arm which is deflectable
inwardly and operative resiliently to bias the spring contact laterally
outwardly, and, when the workpiece carrier is mounted on the body
unit, the actuator pins are located adjacent the spring arms of the
spring elements of the réspective workpiece positioner and operation
of the actuator pins to the actuated position acts to deflect the spring

elements inwardly.
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