
;e3eVlX6TVV _ 1 _ ~ 1 AP~t ~~D2 TITLE  Vacuum Drums for Printing, and
Duplex Printers   This invention relates to printing machines and to vacuum
drum assemblies for printing 10 machines, such as inkjet or laser printers.
It is known for the printing drum in a printing machine to employ a vacuum
to hold the paper or other material down on the drum. Such a drum might
have an array of holes or passageways distributed along its length and
around its periphery to permit air to flow from outside the drum to inside
the drum in response to reduced air pressure inside 15 the drum. In
operation, a new sheet is fed to the rotating drum by a sheet feeder, and
the vacuum captures it and rolls it on to the drum. As the drum and paper
rotate, the paper passes one or more print heads which are used to print on
the paper with as many revolutions as is necessary. As soon as the leading
edge of the paper passes the print head, or last print head, on its last
pass, an ejector is used to remove the paper from the 20 drum. As soon as
the trailing edge of the paper has passed the sheet feeder, the next sheet
of paper is fed. A problem which arises with such an arrangement is that,
before the first sheet is fed, all of the holes or passageways in the drum
are open, and therefore there is a large flow 25 of air through the holes
or passageways into the drum. Once a sheet is wrapped around the dram, some
or a11 of the drum surface is closed, and a much lower flow of air is
required. Particularly at the leading and trailing edges of the paper, its
stiffness works against the vacuum. If a low density of suction holes is
provided, these edges may then be released inadvertently. Accordingly, the
total area of the holes or passageways needs 30 to be as large as possible.
However, a large area means that, in the case where no paper is loaded, a
large volume flow is required to achieve a sufficient pressure
differential. This requires a large fan, is noisy, and produces a loud
slapping noise     -2 when paper is fed. There is also the related problem
that the maximum flow obtainable may be determined primarily by the
relatively smaller flow area presented by the end of the drum. Much of the
power of the fan is dissipated in overcoming the pressure ' loss through
this section, rather than producing a useful pressure differential at the
drum 



5 surface. In accordance with a first aspect of the present invention,
there is provided a vacuum drum assembly for a printing machine,
comprising: a drum having an array of passageways distributed along its
length and around 10 its periphery to permit air flow from outside the drum
to inside the drum in response to reduced air pressure inside the drum, and
an array of valve members, each valve member being moveable between a
closed position in which that valve member restricts at least one of the
passageways and an open position in which the restriction of the at least
one passageway is reduced; 15 the arrangement being such that, when a
partial area of the drum is wrapped with material to be printed, at least
some of the valves for the passageways adjacent an edge of that area are
open, and the valves for the passageways which are not covered by the
material and are not adjacent an edge of that area are closed. 20 A said
valve member may be normally closed and may be opened by a pressure
difference, for example between adjacent passageways. In one embodiment,
each passageway is provided with a respective such valve member. Each
passageway could then be provided with a sensor for detecting, for example,
the 25 air pressure in that passageway upstream of the valve, or the air
flow rate through the passageway, and the valve could be opened and closed
in dependence upon the output of the sensor. Although possible, this would
be a complicated arrangement. In another embodiment, each of the valve
members affects an adjacent pair of the 30 passageways. In this case, the
valve can be opened and closed automatically as a result V of an imbalance
or a balance of the pressures in the pair of passageways.   J ~ ~rr~ ~%~~2
-3 A particularly elegant and easily manufactured arrangement is possible
when there are wall portions between adjacent pairs of the passageways, and
each valve member comprises a butterfly valve pivotally mounted on a
respective one of the wall portions and biased towards its closed position.
- 5 The term "pivotally mounted" is not intended to be limited to pin
jointed structure. It includes also arrangements in which the butterfly
valve can tilt or rock about its (usually 



central) portion whereat it is attached to the wall portion. i 0 In
accordance with a further embodiment of the invention, each passageway is
provided with a valve member which may be opened by mechanical actuation;
for example, the valve member may include actuating means which moves the
valve member to the open position on mechanical contact with the material
to be printed. In a preferred form of this embodiment, the actuating means
comprises a portion of the valve member which 15 is housed within the
passageway and is dimensioned to be proud of the drum when the valve member
is in the closed position so that, in service, the material to be printed,
as it is fed to the drum, urges the actuating means into the passageway
thereby moving the valve member to the open position. 20 Preferably, the
valve member is biased, suitably by resilient means, so that on removal of
the material it moves back to the closed position. Alternatively, the valve
member may be bistable; that is it may be biased towards closed when close
to the closed position (thereby achieving good sealing) and also biased
towards open when close to the open position: this is particularly useful
for valve members near the edge of the 25 material to be printed. A
particular advantage of using a bistable valve in this context is that it
ensures a fully open valve proximate the edge of the material to be
printed. _ This is desirable since partial actuation of a valve (which
might otherwise occur) may give rise to imperfect retention. 30 The
resilient means used to bias may have a non-linear response.   fl 1 ~P~t
~~02 -4 Such an embodiment (unlike the above-mentioned embodiment wherein
each valve member comprises a butterfly valve pivotally mounted on one of
the wall portions and biased to its closed position) ensures that a11 such
valve members remain in the open position until the removal of the material
from mechanical contact with the actuating 5 means; the material is thus
held to the drum more definitely which facilitates print V definition,
particularly in multiple pass printing. Each passageway may have a
circular, annular, elliptic or polygonal, suitably a regular polygonal,
cross-section and 'the passageways may be arranged as a tessellation. The
14 cross-section of each passageway is preferably square, although other
cross-sectional shapes may be employed, such as triangular and hexagonal.
The tessellation may be such as to provide rows of passageways generally
parallel to the drum axis. It is preferred, however, that the rows are skew
to the drum axis; this 15 will ensure that the leading and trailing edges
of the material to be printed fall at least on some valves, thereby
facilitating its capture. 



The curvature of the external surface of the drum about each passageway may
be uniform; however, the external surface of the drum about each passage
way may be flat 20 or afford a spherical or cylindrical depression about
the passageway, thereby increasing the area over which the vacuum from each
passageway can act on the material to be printed and again facilitating its
capture and retention. There may be means for damping movement of the valve
members. Thus the wall 25 portions may be of energy-absorbing material and
may be connected to the butterfly valves to effect said damping. In a
further embodiment, there is provided material stripping means positioned
within the drum and actuatable to be urged into contact with the inside of
the drum wall 30 thereby moving a11 contacted valve members from the open
position to the closed position. Preferably the stripping means is parallel
with the drum axis and, suitably,    -s coextensive with the length of the
drum. In a preferred form of the embodiment the stripping means comprises a
non-driven, but rotatable, cylinder and is suitably mounted . at a station
where the leading edge of the printed material is, after its final pass,
required to be stripped. 5 In accordance with a second aspect of the
present invention, there is provided a printing machine, including a vacuum
drum assembly according to the first aspect of the invention. 10 A third
aspect of the present invention is concerned with duplex printing machines)
that is machines which can print on both sides of a sheet of material. It
is known to provide inkjet and laser printers with a duplexing facility,
for example by printing on one side of the material and then reversing the
direction of feeding of the material and diverting its path so that it
returns to the printing position effectively turned over. 15 In the
accordance with a third aspect of the present invention, there is provided
a duplex printing machine comprising: first and second vacuum drum
assemblies each in accordance with the first aspect of the invention and
with their drums parallel; means for reducing the air pressure inside the
drums; means for counter-rotating the drums; 20 means for feeding a sheet
of material to be printed on to the first drum so that the material can be
held on the first drum by vacuum and rotated therewith; first printing
means for printing on the material on the first drum; means for releasing
the material 



from the first drum in a direction towards the second drum so that the
material can be held on the second drum by vacuum and rotated therewith;
second printing means for 25 printing on the material on the second drum;
and means for releasing the material from the second drum. Although such a
machine uses two drums and two printing means, it provides a very neat and
compact arrangement.    -6 Since the vacuum drum assemblies as described
above will have less of a tendency violently to grab the leading edge of
the material being fed onto them, the machines of , the second and third
aspects of the invention preferably further include, for the or each drum,
means for holding or directing the material against or towards the or the 5
respective drum at the position in which the material is fed on to the, or
the respective, drum. These means may for example be a pinch roller or
guide. This roller or guide optionally may press intermittently on to the
drum, eg, only when a sheet of material is being fed on to the drum, and
then withdraw. This will reduce 10 any tendency for the roller or guide to
offset (transfer) still-wet ink from the sheet onto another portion
thereof, or on to a subsequent sheet. The duplex configuration of drums may
be provided independently of the first aspect of the invention. Therefore,
in accordance with a fourth aspect of the present invention, 15 there is
provided a duplex printing machine comprising: first and second parallel
drums; means for counter-rotating the drums; means for feeding a sheet of
material to be printed on to the first drum; means for holding the fed
material on the first drum; first printing means for printing on the
material on the first drum; means for releasing the material from the first
drum in a direction towards the second drum; means for holding 20 the fed
material on the second drum so as to be rotated therewith; second printing
means for printing on the material on the second drum; and means for
releasing the material from the second drum. In one embodiment, the
direction in which the material is released from the f rst drum 25 towards
the second drum is generally parallel to and opposite to the direction in
which . the material is fed onto the first drum; and the direction in which
the material is released from the second drum is generally parallel to and
opposite to the direction in  



_7_ which the material is fed onto the second drum. Said directions may be
generally horizontal, if the sheets are stacked horizontally or vertical if
the sheets are stacked . vertically. 5 Specific embodiments of the present
invention will now be described, purely by a way of example, with reference
to the accompanying drawings, in which: Figure 1 is a schematic isometric
view of a duplex printing machine; 10 Figures 2 and 3 are schematic
cross-sectional views through the wall of the drum showing two embodiments
of arrangement of valve members. Figure 4 is a view from within the drum of
second embodiment looking outwardly; 15 Figure 5 is a cross-sectional view
through the drum of figure 4; Figure 6 is a schematic cross-sectional view
through the wall of the drum showing a further embodiment of arrangement of
valve members; 20 Figure 7 is a schematic cross-sectioned view of the
embodiment shown in Figure 6 in service together with a grooved feed
roller; Figure 8 is a schematic cross-sectional view of a part of the
arrangement 25 of figure 6 with a valve in the open position and overlaid
with sheet material to be printed.   0 'J ~P~, ~Ju2 _8 Figures 9(a) and (b)
are schematic cross-sectional views of a yet further embodiment of
arrangement of valve members. Figure 10 is a schematic cross-sectioned view
showing an internally located 5 strip roller; and Figure 11 is a schematic
plan, looking radially inward from the drum wall similar to that depicted
in Figure 6 of a embodiment but in which the valves are retained in a
matrix. IO Figures I2{a) and (b) are schematic cross-sectional views of an
alternative design of the male valve of the embodiment of figure 6. Figure
13 is a schematic cross-sectional view of a modification of the valve 15 of
figure 12. Figure 14 is a graph representing the variation of the
resistance F to deplacement d of the valve of figure 13 relative to inward
deplacement d. 20 Figure 15 is a schematic cross-sectional view of a
section of a vacuum drum incorporating the valve element of figure 11. 



Referring to figure 1, a duplex printing machine 10 has a paper input tray
for holding 25 a stack 12 of fresh paper and a feed roller 14 which can be
driven to feed the sheets of paper one at a time from the bottom of the
stack 12 in a known fashion. The leading edge of the fed sheet of paper is
directed horizontally into a nzp between a first vacuum   0 1 ~Ph ~~~2 -9
drum 16 and a pinch roller 18 vertically above the first vacuum drum 16.
Air is drawn from the first vacuum drum 16 through its shaft 20 and the
reduced air pressure in the drum 16 holds the paper to the drum as the drum
rotates in the direction shown by the arrow in figure 1. A first inkjet
print head 22 (of a type irnown per se) is disposed 90 5 downstream from
the pinch roller 18 around the axis of the drum 16. In operation, the drum
16 is rotated with the sheet held to the drum for as many revolutions as
necessary for the inkj et head 22 to print the required information on the
sheet. There may for example be four passes for four-colour printing using
a page wide print head, or there may be multiple passes if the active width
of the print head is less than the width of the 10 sheet to be printed, the
print head then being indexed as known per se between passes or groups of
passes. An ejector 24 (known per se) disposed beneath the first vacuum drum
16 is then operated to lift the leading edge of the sheet from the drum 16
so that the leading edge is fed in a horizontal direction, opposite to the
direction in which the sheet was originally fed from the stack 12. 15 The
pinch roller 18 is withdrawn from contact with the drum 16 by mechanism not
shown shortly after the trailing edge of the fed sheet has passed on to the
drum, and before the leading edge arrives back at the pinch roller for the
first time as the drum rotates. The pinch roller thus does not contact the
freshly-printed surface of the sheet 20 and any tendency for ink to be
picked-up by the surface of the pinch roller and transferred to another
part of the sheet or to a subsequent sheet (as in offset printing) is
avoided. A similar arrangement to that described above is provided to
receive the sheet fed from 25 the first vacuum drum 16, namely a second
withdrawable pinch roller 26, a second vacuum drum 28 which rotates in the
opposite direction to the first vacuum drum 16, a second inkjet print head
28, and a second ejector 32. In operation, the second vacuum   0 1 APr~ ~z
-10 drum 28 is rotated with the sheet held to the drum for as many
revolutions as necessary for the second inkjet head 30 to print the
required information on the other side of the sheet. Then, when the second
ejector 32 is operated, the leading edge of the sheet is lifted from the
drum 28 so that the leading edge is fed in a horizontal direction, 5
opposite to the direction in which the sheet was originally fed onto the
second vacuum drum 28, towards an output tray which holds a stack 34 of the
printed sheets. As an alternative to the pinch rollers 18, 26 there may be
provided respective guides each in the form of an enclosed chute formed eg.
of sheet material or plastics and 10 terminating in an elongated slot
extending across the drum. The chute is shaped to deliver the fed sheet
close to and at a small angle to the surface of the drum so that its
leading edge is promptly captured by the vacuum. It will be appreciated
from the above description that a compact arrangement is 15 provided. The
bulky items are the input paper stack 12, the output paper stack 34, the
first and second inkjet print heads 22, 30 and the first and second vacuum
drums 16, 28. The input paper stack 12 is disposed above the second vacuum
drum 28 and the second inkjet print head 30, and has a short feed path to
the first vacuum drum 16. The output paper stack 34 is disposed below the f
rst vacuum drum 16 and the first inkjet 



20 print head 22, and has a short feed path from the second vacuum drum 28.
Furthermore, the feed path between the first and second vacuum drums 16, 28
is also short. The cylindrical walls 36 of the vacuum drums 16, 28 will now
the described in more 25 detail with reference to figures 2 to 5. In these
drawings, the curvature of the cylindrical wall has, for simplicity, not
been shown.   ~ ~ ~~'R 2302 -11 Each drum wall 36 comprises a shell having
a honeycomb arrangement of walls 38 which form an array of radial
passageways 40 between the outside to the inside of the drum. The outer
surface of the shell is covered with a cylindrical outer plate 42 which is
perforated with an array of holes 44 having a finer pitch than the pitch of
the walls 5 38. In use, the sheet 46 of paper is held against the outer
surface of the outer plate 42. In one embodiment, shown in figure 2, each
passageway 40 has a respective leaky butterfly valve 48 and a respective
air pressure sensor 50 upstream of the valve 48 in the passageway 40. A
mechanical or electrical arrangement connects each sensor 50 to 10 its
butterfly valve 48 so that when the air pressure detected by the sensor 50
is relatively high the butterfly valve 48 is closed, and when the detected
air pressure is relatively low the butterfly valve 48 is open. Accordingly)
if the passageway 40 is not blocked by a sheet 46 of paper, the detected
air pressure will be only slightly below atmospheric pressure, and the
butterfly valve 48 will be closed. However, if the passageway 40 is 15
blocked by the sheet 46 of paper, the detected air pressure will
approximate to the significantly lower pressure inside the drum 16/28, and
the butterfly valve 48 will be open. Another embodiment is shown in figure
3, which has some similarity to figure 2. 20 However, instead of a
respective leaky butterfly valve 48 for each passageway 40, in figure 3
leaky butterfly valves 52 are mounted centrally at the radially-inner edges
of the honeycomb forming walls 38. If the cross-section of each passageway
40 in the honeycomb arrangement is square, then each passageway 40 shares
four of the butterfly valves 52 with its adjacent passageways 40. The
butterfly valves 52 are biased so that 25 they are normally in their closed
positions. In figure 3, one of the passageways 40A is shown completely (or
almost completely) blocked by the sheet 46 of paper. The passageway 40B to
the right of that passageway 40A is partly blocked by the leading   ~1 1
A~'R ~ufl2 -12 edge of the sheet 46 of paper, and the passageway 40C to the
left is not blocked, since the sheet 46 is still being fed onto the drum
16/28. The air pressures on the butterfly valve 52 between the passageways
40A and 40C are not balanced, so that butterfly valve twists anticlockwise
so as to reduce the pressure in the passageway 40C and also 5 in the
passageway 40A. Also, because the passageway 40B is only partly blocked,
the air pressures on the butterfly valve 52 between the passageways 40A and
40B are also not balanced, so that butterfly valve twists clockwise so as
to reduce the pressure in the passageway 40B to provide a greater effect in
holding down the leading edge of the sheet 46 of paper. Although not shown
in figure 3, the butterfly valves 52 mounted on 10 the wall 38 to the right
of the passageway 40H and on the wall 38 to the left of the passageways 40C
may also twist slightly. Indeed computer modelling of the apparatus
suggests that superior results are achieved if this is the case. From the
above, it will be appreciated that, with the embodiment of figure 3, if a
sheet I S 4b is not present on the drum 16/28, then all of the butterfly
valves 52 will be in their closed positions so that only a slight reduction
in pressure occurs at the surface of the drum 16/28 due to the Ieakiness of
the butterfly valves 52, and so that an unnecessarily high air flow rate is
avoided. When the sheet 46 is being fed onto the drum 16/28, an increased
vacuum is applied at the edges of the area covered by the sheet 46. When
the 20 sheet 46 is fully loaded onto the drum 16/28, then it is held down
by increased vacuum at the edges of the sheet 46. However, at areas of the
drum 16/28 away from the edges of the sheet 46, whether covered by the
sheet 46 or not, the butterfly valves 52 are in their closed positions, so
that only a reduced vacuum is applied and so that there is not an
unnecessarily high air flow in the regions not covered by the sheet 46. 



25 More detail of the construction of the embodiment of figure 3 will now
be described with reference to figures 4 and 5.   ~J 1 ~,~R ~~~2 -13 As
mentioned above, each drum wall 3 6 comprises a shell having a honeycomb
arrangement of walls 38 which form an array of radial passageways 40
between the outside and the inside of the drum 16/28. As shown particularly
in figure 4, the passageways 40 have a square cross-section. The
cylindrical outer plate 42, which is 5 perforated with an array of holes
44, surrounds and is attached to the outer surface of the shell. Au of the
butterfly valves 52 are formed by a single cylindrical sheet 54 of a
springy material. As shown particularly in figure 4, the sheet 54 is formed
with an array of right-angled triangular slots 56, each of which has a
break 58 in the slot halfway along the hypotenuse of the triangle. Between
the hypotenuses of adjacent 10 pairs of the triangular slots 56, portions
60 are formed which are aligned with the inner edges of the walls 38.
Between the shorter sides of adjacent groups of four of the triangular
slots 56, portions 62 are provided which form a cross across the
passageways 40. Due to the springiness of the sheet 54, each of the
portions 60 enables the two triangular flaps 64 to either side of it to
move so as to form the butterfly valves 52. 15 Early studies suggest that a
suitable material for the sheet 54 is a plastics material eg. a polyimide
such as KAPTON {trade mark). Also it is beneficial for the butterfly valves
to be highly damped, eg. so that they exhibit at least (and preferably
greater than) critical damping. To achieve this the drum walls 38 may be
made of, or at least 20 faced with, sponge or foam rubber material. The
butterfly valves are glued to this material along their hypotenuses. Thus
when a valve is deflected from its closed position, that portion of the
valve which moves inwards towards the centre of the drum expends energy by
stretching the foam material to which it is attached, and the valve portion
64 which is deflected outwards from the drum (into a passageway 40) expends
25 energy by compressing the foam material.   0 1 APR Z002 -14 Having
described two embodiments of the present invention, it will be appreciated
that many modifications and developments may be made within the scope of
the invention. For example, a mechanism may be placed at the printer output
that staples duplex 5 printed sheets together along a centre line and then
folds the sheets along that centre line, thereby to form a brochure or
booklet. Clearly, for this to work, the print data must be provided to the
printer in such an order that the resulting pages of the booklet are
themselves in the correct order. 10 Also, the vacuum drum technique may be
applied, for example, to printers which do not have the duplexing function
and may be applied to printers which do not employ the inkjet technique of
printing. More than one sheet may be fed on to the drum simultaneously
side-by-side; printing 15 sheets of different sizes, eg. for photographic
prints of different sizes, can thus easily 



be accomplished in a single machine. Although described in the context of a
sheet-fed printer, the vacuum drum may also be applicable to holding-down
the edges of web material in continuous-web printing. 20 Also, although the
vacuum drum has been illustrated as having passageways with a square
cross-section, it should be noted that other shapes may be used, such as
triangular, hexagonal and circular. The print heads 22,30 may be of the
single colour or mufti-colour type, or a plurality 25 of different coloured
print heads may be used, angularly spaced around each drum.   ~ 1 ,APR ~~Oz
-15 A further embodiment of the invention is shown in Figures 6 and 7. In
this embodiment, the drum wall 36 simply comprises a metal sheet which is
perforated with an array of holes 70 which, as depicted, are of circular
cross-section although other cross-sections may be employed. Within the
drum and in register with each such hole 5 is an array of male valves 71,
each of which comprises a chamfered, cylindrical collar 72 upstanding in
the hole and integral with an annular shoulder 73. Instead of a cylindrical
collar (as shown) it may be of conical cross-section; and the conical axis
may be orthogonal with the passageway axis or not. The valves 71 are biased
outwardly in fluid-tight relationship to the drum wall by wall-mounted
spring elements 10 74 to form an annular seal 75 therewith while the
collars 72 are dimensioned to be proud of the drum wall as a boss 76 when
so biased. This embodiment may be utilised with feed roller 77, as shown in
Figures 7 and 8. This roller has circumferential grooves 78 along its
periphery and is mounted in parallel 15 with the drum so that the grooves
78 mate with the bosses 76. The roller is withdrawable from contact with
the drum to position 77~, for the reason previously mentioned in relation
to pinch roller I8/26. In use, sheet stock 79 (such as paper) to be printed
is fed through the nip of guide 20 rollers 80 and is urged by the feed
roller 77 onto the drum. The rigidity of the sheet ensures that, as it is
fed, it progressively depresses those bosses 76 with which it comes into
contact; and that it spans the grooves 78 thereby maintaining the bosses 76
in the depressed position. The depression of the bosses opens the valves 71
against spring elements breaking seal 75; and these are maintained open by
the action of the vacuum 25 on the sheet 79 thereby creating a new seal
between the paper and the drum wall 36.   !if-R ~u~2 -16 Figure 8
illustrates a valve member from figure 6 in its open position and with a
sheet of material to be printed attached. As might be expected, sheet 79
does not lie flat on the surface of drum 36 but is displaced slightly by
boss 76, allowing the vacuum to act not only over that area of the sheet
Tying directly over the hole 70 but over the greater 5 area A shown in the
figure. This is significantly larger than that area (shown as B in the
figure) of the valve over which the vacuum acts when the valve is closed.
The resulting greater pressure force acts on sheet 79, overcomes the bias
applied by the spring elements 74 (figure 6) and holds the valve in its
open position. 10 It will be appreciated that the degree of displacement of
the paper and thus the area A 



will be determined by the paper characteristics and an equilibrium between
the aforementioned greater force and the bias exerted by the spring
elements. Thus a lower spring bias will result in a smaller area A, as will
a stiff paper having a reduced propensity to deform. As an alternative,
area A may be defined by a depression or 15 countersink formed in the
external surface of the drum about each passageway, as shown in dashed
lines in figure 8. In an alternative, non-illustrated embodiment of the
invention, spring elements 74 may be arranged in an "over-centre" fashion
so as to bias valve member 71 into one of an 20 open or closed position
depending on the proximity of the valve member to that position. Such a
bistable valve arrangement is particularly useful at the edge of the
material to be printed, where the partial actuation of a valve that might
otherwise occur could give rise to imperfect retention. 25 Figures 9(a) and
(b) are sectional views of another bistable valve arrangement that
functions without spring elements and operates instead on differential
pressure. That is to say, when the valve is proximate its closed position,
it is biassed to the closed   17 _ 0 1 APR Q002 position by differential
pressure and when it is proximate its open position, it is biassed to the
open position by differential pressure. As with the embodiment of figure 6,
a valve member 140 having collar 141 and shoulder 142 is arranged so as to
be able to seal, more or less completely, with the edge of a hole 70 formed
in drum wall 36. A 5 vacuum is generated within the drum as indicated at
143. Unlike previous embodiments, however, the lower surface 144 of
shoulder 142 is isolated from the vacuum - for example by outwardly
extending sealing membrane 145 - and exposed instead to atmospheric
pressure supplied to the space 146 below, for example, via an inlet 147
formed in secondary drum skin 148 or via a bore 149 formed in collar 141.
As a result, 10 valve member 140 is urged into the closed position shown by
a pressure difference acting over annular area A. However, when valve
member 140 is moved by the action of a sheet of paper 149 into the open
position illustrated in figure 9(b), vacuum 143 is communicated to the 15
depression 150 formed in the outer surface of the drum skin 36 around each
hole 70. The area of depression 150 is chosen to be greater than that of
the lower surface 144 by such an amount (shown as B) that the resultant
force exerted by the ambient pressure acting on the opposite surface of the
sheet to that exposed to the vacuum holds the valve member in the open
position. 20 Without the need for spring elements and the corresponding
fine tolerances that these may require, the embodiment described above may
be easier to manufacture, particularly by moulding. 



25 The printed sheet 79 may be stripped from the drum as previously
described. However, it may in preference be stripped in accordance with a
further embodiment of the invention shown in Figure 10. In this embodiment,
a strip roller 82 is mounted   ~J 1 ~';Pf~ `JOZ - is  internally to, and in
parallel with, the drum. The roller is withdrawable from contact with the
drum to position 82' to prevent stripping when multiple pass printing is in
operation. 5 In use, the strip roller 82 is urged against the interior of
the drum when the sheet 79 is to be stripped therefrom. This causes the
roller 82 to move the valves 71 into the closed position re-establishing
seals 75. This isolates the vacuum from sheet 79 and also causes the bosses
76 to lift the sheet from the drum surface. The sheet then leaves the drum
tangentially and is collected in an output tray (not shown). 10 While
described in relation to the embodiment shown in Figures 6 and 7 it will be
apparent that the strip roller of Figure i 0 may also be used with the
embodimcnt shown in Figures 2 and 3 in place of, or in addition to, ejector
24/32. 15 With reference now to Figure 11, there is disclosed an
alternative and improved system for mounting the valves. Directly beneath
the drum wall (not shown) there is disposed a flat sheet of a thin material
which has been worked (for example, by electroforming, laser cutting,
chemical milling or other means) to form a hexagonal matrix 90 to which
valve bases 91 are integrally joined by three, spiral springs 94. (For
clarity, only one 20 set of springs has been illustrated.) The male valves
(not shown) are moulded onto each such base. The matrix is joined to the
drum wall at adhesion points 92. This system functions in the manner
previously described. In an alternative form of manufacture the matrix,
valve bases, spiral springs and valves may be formed by moulding (for
example) by injection moulding) as a unitary assembly from an elastomer. 25
Figure 12(a) shows an alternative design of male valve to that shown in
figure 6. A collar 100 of conical cross-section having a conical axis
orthogonal with the passageway   01 IaPR 2002 - 19 axis, is provided and
seals with an edge 10I of hole 70 formed in the drum wall 36. As shown in
figure 12(b), the sealing surface 102 of the drum 36 can be profiled to
match to conical face of the moving valve element 100 - in the case where a
valve does not seal perfectly due e.g. to manufacturing defects, where and
tear, or random 5 misalignment on closing of the valve, this latter
arrangement will have a lower leakage flow rate (through the annular gap
between sealing surface 102 and value member 100) than the arrangement of
figure 12(a) where sealing takes place between sharp annular edge 101 and
the valve member 100. 10 As with the embodiment of figure I1, it may be
advantageous to form a plurality of valve arrangements of figure 12 as a
unitary assembly. Figure 13 is a sectional view of such an assembly formed
by moulding in a resilient material such as an elastomer: valve element 100
is formed as part of an elastomeric sheet 113, which is attached to drum
wall 36 by spacers 112 such that valve element 100 is urged into sealing
contact with 15 sealing surface 102 of drum skin 36. In the region between
spacers 112 and valve member 100, the elastomeric sheet preferably has the
form of a conical shell. This provides a non-linear resistance to the
inward displacement, d, of valve . member 100 having the general
characteristic 20 illustrated in figure 14: the resistance F to movement
when the valve is closed, as indicated at C, is significantly greater than
at higher values of D corresponding to the valve being in the open
position. This characteristic ensures good sealing when the valve is closed
without significantly opposing the attachment of paper to the drum when the
valve is open. It has been found that suitable resistance characteristics
are obtained 25 with a conical form having an angle 114 to the plane lying
normal to the conical axis 115 in the range 15 to 45 degrees, an angle of
30 degrees having been found to provide the optimal characteristic.
Movement of the valve member 100 between closed and open   (J 1 APP C02 -20
positions may be effected by the mechanisms described earlier with
reference to figures 



10 and 11. Figure 15 is a section taken perpendicular to the axis 131 of a
vacuum drum 5 incorporating the valve element of figure 13. Elastomeric
member I 13 is advantageously secured to the spacers 112 of drum 36 by
sprung cylindrical member 130 which is preferably split as indicated at
132, allowing it to be compressed (the state shown in figure 15) and
removed from inside the drum. This in turn allows elastomeric member 113 to
be removed for maintenance and/or replacement. Member 113 is further formed
10 with holes 111 (figure 13) to permit the necessary communication between
the surface of the drum skin 36 and the vacuum inside the drum, which may
advantageously be generated by a pump located within the drum itself. In a
non-illustrated variant of figure 1 S, drum skin is itself formed as the
sprung 15 cylindrical member and is secured about a rigid inner cylinder,
with the elastomeric member 113 being sandwiched between the two. Each
feature disclosed in this specification (which term includes the claims)
and/or shown in the drawings may be incorporated in the invention
dependently or other 20 disclosed and/or illustrated features. The text of
the abstract filed herewith is repeated here as part of the specification.
A vacuum drum assembly for a printing machine comprises a drum having an
array of 25 passageways (40) distributed along its length and around its
periphery to permit air to flow from outside the drum to inside the drum in
response to reduced air pressure inside the drum, and an array of valve
members (52), each valve member being movable   ~ 1 ~,f' ~~02 -21  between
a closed position in which that valve member restricts at least one of the
passageways and an open position in which the restriction of that
passageway or those passageways is reduced. The arrangement is such that,
when a partial area of the drum is wrapped with a sheet of material, at
least some of the valves for the 5 passageways adjacent the edges of the
area are open, and the valves for the passageways which are not covered by
the sheet and are not adj acent the edges of that area are closed. The open
area of the drum is regulated such that it is small, or even zero, in
regions where there is no paper. Accordingly, the open area of the drum is
adapted to the shape and size of the paper and the position of the paper on
the drum, whilst 10 minimizing the required suction flow. A duplex printing
machine comprises two such vacuum drum assemblies with their drums
parallel. The air pressure inside the drums is reduced and the drums are
counter rotated. Material to be printed on is fed to the first drum so that
the material can be 15 held on the first drum by vacuum and rotated
therewith, and a first print head pints on one side of the material. The
material is then released from the first drum in a direction towards the
second drum so that the material can be held on the second drum by vacuum
and rotated therewith. A second print head then prints on the material on
the second drum. The material is then released tom the second drum. 



- 22  Claims 1 t~PR ~~D2 1. A vacuum drum assembly for a printing machine,
comprising: a drum having an array of passageways distributed along its
length and around its periphery to permit air to flow from outside the drum
to inside the drum in response to reduced air pressure inside the drum, and
an array of valve members, each valve member being movable between a closed
position in which that valve member restricts at least one of the
passageways and an open position in which the restriction of the at least
one passageway is reduced wherein a said valve member is normally closed
and is opened by a pressure difference; the arrangement being such that,
when a partial area of the drum is covered with material to be printed, at
least some of the valves for the passageways adjacent an edge of that area
are open, and the valves for the passageways which are not covered by the
material and are not adjacent an edge of that area are closed. 2. An
assembly as claimed in claim 1, wherein a said valve member is opened by a
pressure difference between adjacent passageways . 3. An assembly as
claimed in claim 1, wherein each passageway is provided with a respective
such valve member. 4. An assembly as claimed in claim 2, wherein each of
the valve members affects an adjacent pair of the passageways. 5. An
assembly as claimed in claim 4, comprising: wall portions between adjacent
pairs of passageways; each valve member comprising a butterfly valve
pivotally mounted on a respective one of the wall portions and biased
towards its closed position.   - 23  ~ 1 ~v~ 2002 6. An assembly as claimed
in claim 5 including means for damping the movement of the valve members
wherein the wall portions are of energy-absorbing material and are
connected to the butterfly valves to effect said damping. 7. A vacuum drum
assembly for a printing machine, comprising: a drum having an array of
passageways distributed along its length and around its periphery to permit
air to flow from outside the drum to inside the drum in response to reduced
air pressure inside the drum, and an array of valve members, each valve
member being moveable between a closed position in which that valve member
restricts at least one of the passageways and an open position in which the
restriction of the at least one passageway is reduced wherein a said valve
member is opened by mechanical actuation; the arrangement being such that,
when a partial area of the drum is covered with material to be printed, at
least some of the valves for the passageways adjacent an edge of that area
are open, and the valves for the passageways which are not covered by the
material and are not adjacent an edge of that area are closed. 8. An
assembly as claimed in claim 7, wherein each passageway is provided with a
respective such valve member. 9. An assembly according to claim 7 or claim
8, wherein the valve member comprises actuating means which moves the valve
member to the open position 



on mechanical contact with the material to be printed. 10. An assembly
according to any one of claims 7 to 9, wherein the valve member is biased
so that on removal of the material it moves back to the closed position.
11. An assembly according to claim 10, wherein the valve member is bistable
being biased towards closed when proximate the closed position and also
biased   - 24  ~ ~ ~~P~; L002 towards open when proximate the open
position. 12. An assembly according to claim 10 and including means for
applying to the valve member a non-linear closing force that is greater
when the valve is proximate the closed position than when proximate the
open position. 13. An assembly according to claim 12, wherein said means
for applying a non linear closing force comprises a conical shell of
resilient material. 14. An assembly according to claim 13, wherein the
conical shell defines an angle to the plane lying normal to the conical
axis lying in the range 15 to 45 degrees, preferably 30 degrees. 15. An
assembly according to Claim 13 or claim 14, wherein said valve member has
sealing means for sealing with a respective passageway in the drum, the
sealing means being integral with said conical shell. 16. An assembly
according to claim 10 and wherein said biasing means generates a force on
the valve member when open that is less than that force generated as a
result of said reduced air pressure acting on the material to printed. 17.
An assembly according to claim 7, wherein a depression or counter-sink is
formed in the surface of the drum around each passageway. 18. An assembly
according to claim 10, and including spring elements arranged in an
over-centre fashion, thereby to bias said valve member into one of an open
or closed position depending on the proximity of the valve member to that
position. 19. An assembly according to claim 10, wherein a first area of
said valve member is subject to said reduced air pressure so as to urge
said valve into its closed   - 25  01 AP.; ~~~2 position when proximate
that closed position, and wherein a second area of said material to be
printed is subject to said reduced air pressure so as to urge said valve
into its open position when proximate that open position. 



20. An assembly according to claim 19, wherein said second area is greater
than said first area. 21. An assembly according to claim 20, wherein the
valve member has, on a first surface, a boss for mechanically contacting
said material to be printed and wherein a second surface opposing said
first surface communicates with atmospheric pressure. 22. An assembly
according to claim 21, wherein said first surface is engageable with the
periphery of an associated passageway formed in said drum, thereby to
restrict said passageway. 23. An assembly according to claim 20 or 21,
wherein said valve member is formed with a bore communicating the surface
of said boss with said second surtace. 24. An assembly according to any one
of claim 7 to claim 23, wherein a plurality of valve members are formed in
a matrix, the matrix engaging the inner surface of said vacuum drum. 25. An
assembly according to claim 24, wherein the matrix is resiliently urged
against the inner surface of said vacuum drum by retaining means located
within the drum. 26. An assembly according to claim 24, wherein the drum is
resiliently urged against said matrix by retaining means.   - 26  ~ ~~ ~~,r
~~~2 27. An assembly as claimed in any one of claim 7 to claim 26 including
means for damping the movement of the valve members. 28. A vacuum drum
assembly for a printing machine, comprising: a drum having an array of
passageways distributed along its length and around its periphery to permit
air to flow from outside the drum to inside the drum in response to reduced
air pressure inside the drum, and an array of valve members arranged
locally to said passageways, each valve member being movable between a
closed position in which that valve member restricts at least one of the
passageways and an open position in which the restriction of the at least
one passageway is reduced; the arrangement being such that, when a partial
area of the drum is covered with material to be printed, at least some of
the valves for the passageways adjacent an edge of that area are open, and
the valves for the passageways which are not covered by the material and
are not adjacent an edge of that area are closed. 29. An assembly as
claimed in claim 28, wherein a said valve member is normally closed and is
opened by a pressure difference. 30. An assembly as claimed in claim 29,
wherein a said valve member is opened by a pressure difference between
adjacent passageways. 31. An assembly as claimed in claim 28, wherein each
passageway is provided 



with a respective such valve member. 32. An assembly as claimed in claim
30, wherein each of the valve members affects an adjacent pair of the
passageways. 33. An assembly as claimed in claim 28 wherein a said valve
member is opened by mechanical actuation.   - 27  r~ ~ ~F ~~~2 34. An
assembly according to claim 33, wherein the valve member comprises
actuating means which moves the valve member to the open position on
mechanical contact with the material to be printed. 35. An assembly
according to claim 33 or claim 34, wherein the valve member is biased so
that on removal of the material it moves back to the closed position. 36.
An assembly according to claim 28, wherein a depression or counter-sink is
formed in the surface of the drum around each passageway. 37. A vacuum drum
assembly for a printing machine, comprising: a drum having an array of
passageways distributed along its length and around ifs periphery to permit
air to flow from outside the drum to inside the drum in response to reduced
air pressure inside the drum, and an array of valve members distributed
along its length and around its periphery) each valve member being movable
between a closed position in which that valve member restricts at least one
of the passageways and an open position in which the restriction of the at
least one passageway is reduced; the arrangement being such that, when a
partial area of the drum is covered with material to be printed, at least
some of the valves for the passageways adjacent an edge of that area are
open, and the valves for the passageways which are not covered by the
material and are not adjacent an edge of that area are closed. 38. An
assembly as claimed in any preceding claim wherein each passageway has a
circular, annular, elliptic or polygonal cross-section, and the passageways
are distributed along the length and around the periphery of said drum. 39.
An assembly as claimed in claim 38, wherein the cross-section of each
passageway is generally square.   - 28  0 1 ~~ ~ ~~2 40. An assembly as
claimed in any preceding claim including means for damping the movement of
the valve members. 41. An assembly according to any preceding claim
including printed material stripping means, which is positioned within the
drum and actuatable to be urged into contact with the inside of the drum
wall thereby moving all contacted valve members from the open position to
the closed position. 42. An assembly according to claim 41, wherein the
printed material stripping means is mounted at a station where the leading
edge of the printed material is 



required to be stripped. 43. A printing machine, including a vacuum drum
assembly as claimed in any preceding claim. 44. A machine as claimed in
claim 43, further including, for said drum, means for holding or directing
the material against or towards the respective drum at the position in
which the material is fed on to the drum. 45. A duplex printing machine
comprising: first and second vacuum drum assemblies each as claimed in any
one of claims 1 to 42 and with the drums parallel; means for reducing the
air pressure inside the drums; means for feeding material to be printed on
to the first drum so that the material can be held on the first drum by
vacuum and rotated therewith; first printing means for printing on the
material on the first drum; means for releasing the material from the first
drum in a direction towards the second drum so that the material can be
held on the second drum by vacuum and rotated therewith; second printing
means for printing on the material on the second drum; and means for
releasing the material from the second drum.   29 ~ ~ ~;i~~ t~.~J~ 46. A
machine as claimed in claim 45 wherein: the direction in which the material
is released from the first drum towards the second drum is generally
parallel to and opposite to the direction in which the material is fed onto
the first drum; and the direction in which the material is released from
the second drum is generally parallel to and opposite to the direction in
which the material is fed onto the second drum. .A`.AH2.A`3.AF!.A9Y.A3.A&.A
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