;e3eVI’XéeTw _ 1 _ ~ 1 AP~t ~~D2 TITLE Vacuum Druns for Printing, and
Dupl ex Pri'nters This invention relates to printing machines and to vacuum
drum assenblies for printing 10 nachines, such as inkjet or |aser printers.
It is known for the printing drumin a printing machi ne to enploy a vacuum
to hold the paper or other material down on the drum Such a drum m ght
have an array of holes or passageways distributed along its @ﬁngrg %ﬂ&
around its periphery to permt air to flew from outsi de the ¥riu si de
the drumin response to reduced air pressure inside 15 the drum In
operation, a new sheet is fed to the TEIBEi ng 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 nore print heads which are used to print on
the paper with as many Va‘ét{&h%hﬁﬁsfoﬁ?rfnﬁngeﬁﬁﬁﬁﬁﬁbéx PAt&Q0n as the |eading
edge of the paper passes the print head, or last print head, on its |ast
pass, an ejector is used to renove the paper fromthe 20 drun1 As soon as

t he trg:.irl i ng edge of the paper has passed the sheet feederMﬂ“M‘\MWﬂ\‘mmﬁeet
of pap is fed. A problemwhich arises with such an arran
before the first sheet is fed, allpgEcRIeTIONES Or passageways +ishiset he 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 vvrapped around the dram somne

or all of ai r.
required. @anﬁ{gﬁ @;tg{t%tpﬁ%“ﬁé%%ﬂg‘ eg%d ?org%él ng e gaesfssc o&? fé)r BQBé?g, its
stiffness mmﬁlsesag.&jhratmkjla%x\/hempﬁmﬁ% a low density of suction holes is

provi ded, these edges nmay then be rel eased inadvertently. Accordingly, the
t ot al H}ea of the holes or passageways needs 30 to be as large as possible.

Ho
I a\rNS\ée\r/ol & ka?ﬂg'vﬁ ga}ﬁ‘g{i?‘é% acﬁilll eve a swi erﬂ%rag@gl{iﬁ%% h&ﬁ‘iﬁg :

di ff er ent ipmper d’x’mtherrmqtcﬁabd;ovm bartky;edrﬁmn Siuch adnsy, mighthaveoghiemsy af holesl
sl appi ng noi se

is fed The | he rel ated .probl
TharPthe ATV EE BB oes & e b drruni® perhey § il e o
rel ativel ygsuglohféutkide healrhm 18 HRs@the dridy ik S@F&% t8freduded g{r%ssMéQHsﬂé the

power of the fan is dissipated in overcomn he pressure ' 'l oss through
thi s skct itbe drumdt B openaten. i ey shast isafeddefthe rojpidng drun byid theehfceddr, and t he

drum 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 drum, some or all 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
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5 surface. In accordance with a first aspect of the present invention,
thereg is provided a vacuum drum assenbly for a printing nmachine,

conprising: a drum having an array of passageways distributed along its
length and around 10 its periphery to pernit air flow fron{ouidRdgiihe drum
to inside the drumin response to reduced air pressure inside the drum and
an array of valve nenbers, each valve nenber bei ng noveabl e between a

cl osed position in which that val ve nenper restricts at | east one of the
passageways and an open position in which the restriction of the at |east
one passaghwayapes is fadu@dre ibaldohthe a¢laed pesat theithgmaxishurh TRfw obaRRAbLR
partial area of the drumis wapped wwth material to be printed, at |east

sone of tmayPpgldetarmingd prmaplshy e rplalivaly sedler flaw ategepresentadby theeendar e
open, and Halve r el . red by the

mat eri al %é\%gar e ho;ﬁ/n{ggj oatf:tggtp 82’? gg?é@gaﬁl %&%ﬁ?%ﬁﬂ?%erg%gd&c i%es,imseai d
val ve menjoss thnayghothisrsecticl, iryther thae graindingayusbfnl ppanad differantid] @6 tHé'dum

di fference, for exanpl e between adjacent passageways. |In one enbodi nent,
each p%ss%@ﬁ&y is provided with a respective such val ve nenber. Each
passageway coul d then be provided with a sensor for detecting, for exanple,
the 25 air pressure in that passageway upstream of the valve, or the air

fl ow rat elnt fcordahcd methpa fisst gspery of aine ptelsent\invargionpthere sepropiiedd etedurl osed

i n dependence upo tgﬁ output of the sensor. Although possible, this would
be a corrp&“&hi‘sé B i FeREHre m"l&'ﬂ&‘l‘?é?p%ﬁ%di ment, each of the valve
menber s affeﬁ§dﬁﬁn§ﬂkr§ﬂ@%‘iaﬁ§' 6f PdssidevaPt dRATRAGLURNS its! IBndthiand GRGihd t he
val ve can be opened and closed automatically as a result V of an inbalance
or a b@l ancperifherhto pemsit airefiow drarh @utside thefdrpmstoaigeida e drurd in- response~%6-~2

-3 A partjcularly .el egant an Si manuf act ur ed. ar,rangenent i s, possi bl e
when t her ¥ SABCSpT By ’Fﬁeolﬁlgﬁﬁgﬁﬁéfg%“aaf‘cg@gwaﬁfaﬁ Yalyg W%ﬁs@aﬁbe XFs, and
each val vReRBBBding RioRehise betveliiatcidsel Yodiabi en Whichithat walvemBinBer RBtridts
respective one of the wall portions and biased towards its closed position.

- 5 The t#&rlgast ppg of e passegemvays and anapenipesiinnda whiclhthe fegirictian of thy a
jointed s I oo | so arrangenents in which the butterfly
val ve canlteé#ﬁlg(?%sﬁagéwwag%ﬁ%ﬁ??g (usual l'y

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

of an imbalance or a balance of the pressures in the pair of passageways.



central) portion whereat it is attached to the wall portion. i 0 In
accordance with a further enbodi nent of the invention, each passageway is
provided with a val ve nmenber which may be opened by mechani cal actuation;
for exanple, the valve nenber may include actuating neans iFE“PD’! t he
val ve nenber to the open position on nechanical contact with 't S rial
to be printed. In a preferred formof this enbodi nent, the actuating neans
conprises a portion of the valve nmenber3 which 15 is housed within the
passageway and is di nensioned to be proud of the drum when the val ve nenber
i s in theAcpatedanyslegantrandeeatiymanufacared it igehient ¥gjoesibRl whén Berdirent ed,
as it is feci to the drum upges the actuating neans into the passageway

t her eby nB@{inBOTHIABS PEIWesn Pt Paire 1L thp dipssageveyseand 2eachy eqlee amgmbert he

the materiral "1t noves osed posl ernative

menber mayndbiabedstomtards itt blased positiommay be bi ased towards cl osed when cl ose
to the_cl osed position (thereby achieving good sealing) and al so bi ased

t ovar d2 open when close to the open position: this is particularly useful
for val verRenbal ibGaly hiRinRA0gs bt ifdéd1 iRk 16 BirfoiRtel

parti cul ar advanfpz;ge o}f' usi ng aS bi stabl e v(gP{'/ngn té}?ls ’goénfe%rﬁgtgr?h%t it
ensur es aircliidey alsp amangemeatsinoxhinia the tutterfiydvpvadanttiicormatk abait itsqubimlly
printed. his is desirable since rtial -actuation of a valve (which

ni ght oth al)ep%@%ﬁ ¢ Pltg‘f\?étacl?eét%t%ci%?ﬁﬂ' retention. 30 The
resilient nmeans used to bias may have a non-linear response. fl 1 ~P~t

~~02 -4 Such an enbodi ment (unlike the above-nentioned enbodi ment wherein
each V@I vin aeeptsencewith eifuaberenhadiment of theyinyentinny eachi nagsageway évprovidede of

(e el | Bl G AR A 18, Ve SrBhares pRoRb Sl BUGH BP LI R, SUeh

e ool e ARy i ) TSR RS 0 VB AT

val ve me remaln 1 n the ope terial
f r om nechaslive glentbenimgtinaladdadniingahetis wigclbmoRenthe valve meilsr it@thel dpeh hus
held to the drumnore definitely whjch facilitates print V definition,
parti cul aPPStehoRechypeal squiachpithithe gateniad fo bepuntigdwdl arprgtomsdfogm of
circular, ﬂﬁéﬁ&%@%mcﬁ% lhPhdthatBly BE riscék”rpBﬁmnyof%E Q9Hedhe Péry\%@ﬁ" !
cross-section an t he passageways nmmy be arranged as a tessellation. The

14 cr b$s- sdousahwithinghe pagsagevaycand,/isiddmpnsidreadab by psopdao£theairgmoniogn the her
cross-secti.onal shapes be, enpl.oyed uch as trianqul.ar, and hexagonal .
The-t essel IS PSRRI 1dBe LR BORY S ol R ferdiee, e Rt Rl np st an |y
paral | el s fedao thedrumx ubges Ithe &aumr@fxaémdmohw?w ewajaherebE Moy ke skew
to the drumaxis; this 15 will ensure that the | eading and trailing edges

of the maY#Ys membsT g the OREORPSIUAN. at | east on sone val ves, thereby
facilitating its capture.

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.



The curvature of the external surface of the drum about each passageway nmay
be uni form however, the external surface of the drum about each passage
way may be flat 20 or afford a spherical or cylindrical depression about

t he passageway, thereby increasing the area over which the vaﬂ:duAPerweach
passageway can act on the material to be printed and again faci IitatT”ng its
capture and retention. There may be MeaNs for danpi ng novenent of the val ve
menbers. Thus the wall 25 portions nay be of energy-absorbing material and
may be c e : riby. A . f . sal.d danpin ln a
further %g%lngrﬁ%?d@%gtr gM-Ih gﬁp@%vﬁbég%%%légfcglekgg ?lll%%:t (r%‘éhe n‘ﬁn a%Bo‘é"\ler oned
wi t hi n t meerberroanpiseccd battarfly evalve fieotally etbuntdcorcony éfthe Wdlpdréiend &g de of

the drumwal | 30 thereby novjing all contacted val ve menbers fromthe open
posi ti on biaseg i “élcé%séa Pﬁé‘é‘Pm B%Wqutéﬁfe?-leW\ YHEe sembess raymaiadndhe epemr al | el

Wi th the Jdgish anis i movil b material frofiCRELERRLY Bollald Wil Gnd BOEAEL LT the
drum In"a preferred formof the enbodi nent the stripplng neans con‘pﬁlses a
non- di5i vemsankuther matgtiabisethus feldhthe theadiim snorai dedinitylynwhitheficilitates priat at i on
where the beadin edge .of, the . printed material is, after its final pass,
requi red 9 “B’Qnsg?‘?’ﬁgléﬂy g t‘&@cﬂ??%laﬂ’été“%th a second aspect of the
present invention, there is provided a printing nmachine, including a vacuum
drum assenbly according to the first aspect of the invention. 10 A third
aspect ofEachpassegeveay mayrhevet 4 omcular, comuer, rdliptici artpodiygoinels spitably ianggutachi nes)
that is machines which.can print on both sides of a sheet of materjal. It
5 known POYESRZy CEas FohoR anl] the paSaecoiays fay Be anBed 8t A e PHRHORachRS 1 y,

for agyanpidssia¥ctidni 68 édell paBsa@BRap 'i@ﬁr&éraﬁﬂesdmfe?ra!tﬁbu?ﬂgmfef'%fbsﬁﬁé'&fo?:‘apg the
direction of feeding of the nmaterial and diverting its path so that It
returns thapenangy bhemplpypdsiuch @a tadrgadari and| hexagonadd over. 15 In the
accordance with a third aspect of the present invention, there is provided
a duplex printing machi ne conprising: first and second vacuum drum

assenbl i gheasssbilitionanay béancte asvid provide fowsof pasiiways geheraily paniliepto and
with their druns parallel; means for reducing the air pressure inside the

druns;  nilhdrumhaxis.o dhisdareferreds howeverethat thesrowsmrenskers t9 dic daminkis; thisheet

of eri A : g St . ri an be
el dign (Tl cpfdind iheleRing ik bray, badeS o Ui HleRich 86 be DGR o Hast
means f oonpoinst valgsothetdby fasilitatinglitsocapture. first drum neans for rel easing
the materi al

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 all contacted valve members from the open position to the closed

position. Preferably the stripping means is paralle] with the drum axis and, suitably,



fromthe first drumin a direction towards the second drumso that the

mat eri al can be held on the second drum by vacuum and rotated therewth;
second printing nmeans for 25 printing on the material on the second drum
and neans for releasing the material fromthe second drum Alttopgg-h@blfh a
machi ne uses two druns and two printing neans, it provides auv r'y 'h and
conpact arrangenent. -6 Since the vacuum drum assenblies as descri bed
above will have less of a tendency vioténtly to grab the |eading edge of
the material being fed onfo them the machineg of t he second and third
aspect s of CQEtEnsiyG awith e lsngthediihe wirymy tiRed prefrereddiormradythe lembediraenttthelr um
.nmeans for halding or directing the material against or towards the or the 5
respect i veStHPRIHEARCHR SOHPRFESi aOn- HINGH; Byt fPWéab?ﬁatcélﬁ’i‘%f ang i wiitably mountpd,  or
the respective, dru These neans may for exanple be_a pinch roller or

. gui de. Thi & #ofaton g}‘cfgu eleaging sdge iof thﬁwr}ﬂtg’somt%aérlm afienits yingh pess, t he
drum eg, only[¥yne a sheet of material is being fed on to the drum and
then wi t hdfeqire Fﬂge\ﬁﬂﬂpe educe 10 any tendency for the roller or guide to
of f set gtransfer) still-wet ink fromthe sheet onto another portion

t hereofy or on to a subsequent sheet. The dupl ex configuration of drums nmay

be provi ded i ndependently of the fipst aspect of.the inventi.Qn, Ther.efore,
BT AR Vith sprpndagaect of fe pReRaT mudition Mpt i PEvidate PHBHGE | o

provi ded a dupl ex. priqating nmachine conpri.sing. firs d second par.a]l el
G o roamechiat. Bl B sr, i asury hding o 26 it fpest Shabe of
material to beg,orinted on to the first drum neans for holding the fed
material ofMVEHPY| r st drum first printing neans for printing on the

material on the first drum neans for releasing the material fromthe first
drumin a direction towards the second drum neans for holding 20 the fed

ﬁ%ﬁ? R Bt s E R Rk dp PR i Fore i St IR bl EERRS Dl ' 10
. . | . i , .
i ot on, FATRGReR iich Lt dR (P ARE SFd Hore T MRESATIPR R o PBRe ., o,

the second; Le‘g%a §as9PPﬁﬁt%1-§ \)ﬁtﬂ%rcﬁ{pk:gkr*glt Rcilitg fQPQQzﬁhﬁl@tbhrgng??lgddr{&?ééiﬁé' in

which . the terial Ts fed onto rst druny and ction I n which

the materi gfthe ndt&iA288Ehd RUEARE REEROHiol I TeddindI8NGE Mhdt¥riahaldidrihg and
opposite to the direction in

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.



_7_ which the material is fed onto the second drum Said directions nmay be
generally horizontal, if the sheets are stacked horizontally or vertical if
the sheets are stacked . vertically. 5 Specific enbodi nents ﬂf tﬁﬂje;, present
invention will now be described, purely by a way of exanpl e, w AP ebéd ence
to the acconpanying drawings, in which: Figure 1 is a schematic isonetric
view of a duplex printing nmachine; 10 Figures 2 and 3 are schematic
cross-sectional views through the wal16of the drum showi ng two enmbodi nents
of arrangenent of valve nenbers. Figure 4 is a viewfromw thin the drum of

I3

Fi g C
second e i RENtacPYs Luemblics 35 H%S“W‘bﬁ?‘é"ﬂswﬂ% hgve less sofsedendsney vi ew
t hrough the drumof figurge 4, Figure 6 is_a schematic cross-sectional view
t hr ough VERICRH to %Pbl'-‘!fglc 0% i the matenial beme fedoatn them, the machinggefent of
val ve nenbers; 20 Figure 7 isfﬁescherr,atic cross-sectioned view of the

enbodi nedte Lsenhang thisdaspectsof the duyention prefgrabhefurther meindss fonthg or sach

roller; Figure 8 is, a schematic¢ cross-sectional view of a part of the
ar r angemSfmp gegns tfog ho Wt $iregtipg | the materink aggiast phdevarsis tsdoovbe | ai d

with sheet materjal to be printed... 0 'J ~P~, ~Ju2 8 Figures 9(a) and (b) -

are séhe ﬁ%f‘LPF"ct“’Gr‘{ﬂ'E-g‘- Y dhg P?ﬁ%éﬂ“ B ‘&H@h e mategal ?slfFEJl 980 it S th FRsPestive,

arrangenent of_val ve nenbers. Fi Lil’% 10.s a fchemat' C cross-sectioned view
’?"g{?i §

showi ng SAUPntTheRe mMepny Bidy deye appeluroller fy sidfure 11 is a schematic

plan, looking radially inward fromthe drumwall simlar to that depicted
in Figure 6 of a enbodinent but in which the valves are retained in a

i X. . Fi l. . b h ' - ' | Vi f
URPAETN SN g S MM A T A S i e
o o3 BB st VS IR b, Rt VR s it 1°
oot Thaa bl Bl B BLor e LG et WA iR Gt ™
section %otﬁervgocrﬂgrrptﬁér% bpggrtggrs%&é&gcﬁth&cgel ve element of figure 11.

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 first drum
25 towards the second drum is generally parallel to and opposite to the direction in which
the matenrial 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



Ref erri‘ng 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 tinme fromthe boﬁ?%% Ah
stack 12 in a known fashion. The | eading edge of the fed she Uibafyét i s
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 fromthe first vacuumdrum 16 through its shaft 20 and the
reduced air pressure in the drum 16 hol ds the paper to the drumas the drum
rotates i rwhitle thti metdriabns Sébwntobthet $eeomd dowmi Safd dineatiohs may ibe sgenerdltiyet
print head 22 (of a type irnown per se) is disposed 90 5 downstream from

t he pi nch hodkdmal, 1B8ther sheetd ardstaskddsharizontedlydowmerti6al if the sbheeats arenstagided dr um
*16 is rotated with the sheet held to the drumfor as many revol utions as
necessary vegicalhe i nkj et head 22 to print the required information on the
sheet. There may for exanple be four passes for four-colour printing using
a page wide print head, or there may be nultiple passes if the active width
of the print head is less than the wwdth of the 10 sheet to be printed, the
print Headpetifin eobodigninttiefktdd passeitrioventisarwidlendye badeseribad spurelyrbyys ways of
passes. An ejector 24 (known per se) disposed beneath the first vacuum drum
16 i s t hewfsopanpleewithgeferdnce todhd ecsampgndogelrovinghdnsvlieh: 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 fromthe stack 12. 15 The
pinch roller 18 is withdrawn fromcontact with the drum 16 by nechani sm not
shown shofiguredfter the tif aisrhomptisdgemetriciyiewaip dyplet pratng mashimeon to the
drum and before the | eading edge arrives back at the pinch roller for the
first tinme as the drumrotates. The pinch roller thus does not contact the
freshly-printed surface of the sheet 20 and any tendency for_ipk to be

pi ckedOup Fignres a8d 3t ace %% SAha@apF Arass-FeAtioar! YRYs sP' %éh &)l ehothgssmer

part of the sheet or to a subse@uent sheet (a}.s in offset \printig}g% IS
avoi ded. A similar arranGBRERS %0 ¢mRbdmpeRis SiRsEngepet ofsvaly o memders o
receive the sheet fed from25 the first vacuumdrum 16, nanely a second

wi t hdrawabl e pinch roller 26, a second vacuum drum 28 which rotates in the

opposite di.rection to the first vacuum.drum.l ecand. d nkj rint head
28, and a%lé%'éﬁﬁd ej ect or '33.VI7% f&%‘éﬁ%’[ﬂ“ﬁﬁ‘f“%ﬁé”é’?é‘%%@’ veg?:ﬂﬂort}*r(%lng&oi%fkﬂlgh ~z

-10 drum 28 is rotated m&%ﬂwéﬁﬁrsheet held to the drum for as nmany
revol uti ons as necessary tor @ second inkjet head 30 to print the
requirﬁp information on the other side of the sheet. Then, when the second
ejector 32 is operated, the |eading edge of the sheet is lifted fromthe

drum 28 sgihpat the | eadijng psldQedtionhP dieWntiRodll e it ofdfififie 4, 0N, 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
provi ded rpsRe6ti ve gui dgsaeekidmative drbe-seoidnad vieantteongdtnghedvalhof thefdvamed eg.
of sheet material or plastics and 10 termnating in an el ongated sl ot
extendi ng across the dr ughowiig acfarther édmbadimparoftBrafigémustrofivalveimeinisdiget
close to and at a small angle to the surface of the drumso that its

| eadi g edge is pronptly captured by the vacuum It will be appreciated
fromthe above description that a conpact arrangenent is 15 provi ded. The
bul ky iteigured t he i nputis pagiematicardssdBetidried vew pifi thepapbodisreat $hodvh int he
first and second inkjet print heads 22, 30 and the first and second vacuum
druns 16, 28. The input Figee 6sinasekvide togetitr syits e gredwsddeedheollsecond vacuum
drum 28 and the second inkjet print head 30, and has a short feed path to
the first vacuum drum 16. The out put paper stack 34 is disposed below the f

rst vacuumdrum 16 and the first inkjet .
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.



20 'print head 22, and has a short feed path fromthe second vacuum drum 28.
Furthernore, the feed path between the first and second vacuum druns 16, 28
is also short. The cylindrical walls 36 of the vacuumdrunms 16, 28 will now
the described in nore 25 detail with reference to figures 2n~:)q)15ApRnw_gﬂgese
drawi ngs, the curvature of the cylindrical wall has, for si icity,‘£ t
been shown. ~ ~ ~~"R 2302 -11 Each drumwal|l 36 conprises a shell having
a honeyconb arrangenent of walls 38 whi 8k forman array of radial
passageways 40 between the outside to the inside of the drum The outer
surface ofigures 8(alapdi(b) cas¢ seheanatictaross-segtionad viayed ofoaiyetr fupthet emb@dimtench i s
perforated with an array of holes 44 having a finer pitch than the pitch of
the walls 5 38. In use, tdfcarsmgementeofovalyeymembers.hel d agai nst the outer
surface of the outer plate 42. In one enbodi ment, shown in figure 2, each
passageway 40 has a respective |eaky butterfly valve 48 and a respective
air pressure sensor 50 upstream of the valve 48 in the passageway 40. A
mechani caFigmredlect ri cal 1aesehryestisiarossacaencs el ishewingmn isEmallyliocited
butterfly valve 48 so that when the air pressure detected by the sensor 50
is rel&tively high the buittiRrolley; erd ve 48 is closed, and when the detected
air pressure is relatively lowthe butterfly valve 48 is open. Accordingly)
if the passageway 40 is not bl ocked by a sheet 46 of paper, the detected
air pressure will be only slightly bel ow at nospheric pressure, and the
butterflyFigured148 will bé acch@eenc Planelpoking radially igyard femathe sumswaly

bl ocked by the sheet 46 of paper, the, deti;géed air_pressure wll, )
approxi mate to the signi fS@EAtoythatsiseicted wdigpee ¢ aks smbediment byt ingvhigh and
the butterfly val ve 48 wi'LI be open. Anofher enhodinment is shown in figure
3, which has sone sinil artheyalvgs pregistained g MRy er . i nstead of a
respective |l eaky butterfly valve 48 for each passageway 40, in figure 3

| eaky Butterfly valves 52 are nounted centrally at the radially-inner edges
of the honeyco forn wal | s 38. If the cross-section of .each. pas eway
20 1 -t ho Fradwey E2spbend (b fSishRman clog R OB RV E B P RUCBEGIR A P IRE: ex
four of the butterfly valves 52 w it [acen assageways 40. The
butterfly valves 52 are W§§38?v§o°¢'ﬁ5ter%§ﬂﬂﬁ89t %ﬁgg'ﬁ' rirally in their closed
positions. In figure 3, one of the passageways 40A is shown conpletely (or
al nost conpl etely) bl ocked by the sheet 46 of paper. The passageway 40B to
the right Lof t passag i [ 0 i Sl 1
A~' R ~uf | f 'g-“féquge of tﬁg@éﬁlﬁﬁtﬁcro% %égpgl?%lqgﬁggg E)efm?)dgggggogl\%aﬂﬁiﬁﬁv%o t he
| ef t i1§ not bl ocked, si nc&ﬁ%]ﬁqu.eet 46 is still being fed onto the drum
16/ 28.""The air pressures on e butterfly valve 52 between the passageways
40A and 40C are not bal anced, so that butterfly valve tw sts anticl ockw se
so as to reduce the pressure in the passageway 40C and also 5 in the
passagewayigdf14Al SO, beGaus griplt remesagyathe’ § Brihtfor0 R YthBaresisianbt qthed,
the air pressures on the butterfly valve 52 between the passageways 40A and
40B are al so not bal ancediepiembat douf tthe fvalves alfviighnel $3 srebitivekiol agwaad as
to reduce the pressure in the passageway 40B to provide a greater effect in
hol di ng down the | eadi ng dxpimeemknt de sheet 46 of paper. Al though not shown
in figure 3, the butterfly valves 52 nounted on 10 the wall 38 to the right
of thegpassageway 40H and on the wall 38 to the left of the passageways 40C
may al so twist slightly. Indeed conputer nodelling of the apparatus

suggest s Fhgtre d6peri or reisu schearaticaciosevestionél wievs of 2 séntionasfea vacwumt he
above, it wll be appreciated that, with the enbodi ment of figure 3, if a
sheet | S 4b is not presearmoimcotperatingtheoyad; ekement af figafe 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 |eakiness of
the butterfly valves 52, and so that an unnecessarily high air flow rate is
avoi ded. Weferrinpéo Siguet 148 dupleh pringng gtadnne 10 fhas @raperLimprBtray for kldiagsed
vacuumis applied at the edges of the area covered by the sheet 46. Wen

t he 2@5shaetackd2iaf freshi papenantbal fendtrollend4 arhigh can be driverip faedithe sheets efown
by increased vacuum at the edges of the sheet 46. However, at areas of the
dr um 16/ 2$apereonefat ariimp droge fessbettom of the stack 48, inynkuowe fashion: ehg ieading
sheet 46 or not, the butterfly valves 52 are in their closed positions, so
that onl y edge efthe ded shestiofpapsT ippirected hadzamaliy ito arap hetweep gifirgtvacuum
unnecessarily high air flowin the regions not covered by the sheet 46.



25 -More detail of the construction of the enbodinment of figure 3 will now
be described with reference to figures 4 and 5. ~J 1~ ~R~~~2 -13 As
menti oned above, each drumwall 3 6 conprises a shell having a honeyconb
arrangenment of walls 38 which forman array of radial passageﬂa&sﬁ\%’ozﬁqz
bet ween 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 Qerforated with an array of hol es
44, surraunds and is attached to the outer surface of the shell. Au of the
butt er f | ydnmh tésnd 2 pineh fodlend virpically plmmleghe first ndciunabinshé 61 ASdisafrawn
springy material. As shown particularly in figure 4, the sheet 54 is forned
wi th an afmomytheffinsi yaeuuandpupd16 thiremghuitaishadi 20 andéhe redudtedaiir prsssate fhathea
-break 58 in the slot halfway al ong the hypotenuse of the triangle. Between
t he hypot drusd$§ heidsodie pepertto tie gmim as e driva rotatesniguhadiredtimmsshben yothei ons
60 are forned which are aligned with the inner edges of the walls 38.

Bet ween t h@owhordigare §i dedirssfinkietj pri hiead)22 (gfsa type kooawn gier s¢)ds tlispasegB0ar
slots 56, portions 62 are provided which forma cross across the
passagéwagewngreamgomothe pinchgellergl haround thetdxis eftbednsm 16e dutopofativhethe
portions 60 enables the two triangular flaps 64 to either side of it to
nove so adrump 16ds ratataé witlkthe sheey held|to she dram o5 agmany revalutions ag ngepssaryt hat a
suitable material, for the sheet 54 is a plastics material eg. a polyimde
such as Kithr iplietbhradndd 1o pripy the required néorarationin thersheete ¢ oy forval ves
to be highly danped, eg. so that they exhibit at |east (and preferably
great er t PEATPIE PEHPRLPASISISF Kour-calouanintipg usings: page Widgrarinhibead, 38 therp be
made of, or at least 20 faced w.th, ,sponge or foamrubber material. The
butterfl y“\?é(lt\?égulﬁf’% @Sﬁf-‘édf ths active widh of tin priit dead 1sigss they fiseveidtiselsthe Thys
when a valyve is, deflecgted fromi cl.osed. positiaqn, that rtion of the

val ve 1@hi shfehir b PTIR rﬁg‘?mﬁ@wﬁé’cw gxegrast “ﬂ‘r?ﬁﬁ%&ﬁmg RF¥Eqgy by
stretching the foam nmaterial. to i.ch it is attach an he val ve portion
54 whi ch P EERUPF SE PBTohy ARIEIOT S5 HEHNE B i (IOt LORR e e Ay V0T B penas

seccrs vetoRlp BT TGRAL SR AREE ot TR b LB o
the. i nveniieareoipt P 28 « TN ELRRIRR o o B s iR W RO ot pu
t hat st aleg%t q,ldplog b’%&g[‘h@tﬂ% a{bfﬁ‘r“ﬁ‘. {poet her along a centre line and then

folds the sheets a at” cen ne, thereby to forma brochure or
bookl g% Clearly, for this to work, the print data nust be provided to the
printer in such an order that the resulting pages of the booklet are

thensel vegni Riddierofief 18GE vAfHEBAwn HbricBRtact Wih A€ Win 016/ BY infchmhisiendtRY be
applied, for exanple, to printers which do not have the dupl exing function

and may bgnhcwaPhicedy tadteP ek Slifig \Wabe b die Rt shRBPhRYpdsbal binkd de draal)ringue of
printing. Mdre than one sheet may be fed on to the drum sinul taneously

si de- by- shéfere theiledding edge sfivet bacl afltefl gihetolker 266 theefirst tive 43hhé dguraphi c
prints of different sizes, can thus easily
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



be acconplished in a single machine. Al though described in the context of a
sheet-fed printer, the vacuumdrum may al so be applicable to hol di ng- down

t he edges of web material jn continuous-web printing. 20 Alsgj alggngB t he
vacuum drum has been i'llustrated as havi ng passageways with éqﬁ el
cross-section, it should be noted that other shapes may be used, such as
triangul ar, hexagonal and circular. The print heads 22,30 may be of the
single colour or nufti-colour type, orl@-plurality 25 of different col oured
print heads may _ be used, angularly spaced around each drum ~ 1 ,APR ~~Oz
=15 A f ur Gme 28 iriatad ptithghe sheet held dothegirumsfos e many seyalyionssasmeaesdary. | n
this enbodi nent, the drumwall 36 sinply conprises a nmetal sheet which is
per f or at efprithe pecpnddnkigyhesd 30otosing theyeiquised mfomagion eithegthercside of thel ar
Cross-section although ot her cross-sections may be enployed. Wthin the
drum and sheekedhen.cvhen the seeend giaetar Bd i operptgdathedeadipe sHgenaf she shegeis 71,
each of which conprises a_chanfered, cylindrical collar 72 upstanding in
the hol e kified iffpra the| driym B8 #8 ahthealeadmguedesy is7fed im gt kogigontal diregtiomdr i cal
collar_(as shown) it _may be of ,conical cross-section; and the conical axis
may be> or PPRASEALP the directing upmci'g@mpeeam opigmadly fedpata, te\second vagpempi ased
outwardly in fluid-tight relationship tq the grun1 |1 by wall -nmounted
spring el &Ehes. oovapds g opigEhiray whih holfs agtack 24 ot beqmnted shectse t he
collars 72 are dinensioned to be proud of the drumwall as a boss 76 when
so biased. This enbodi ment nmay be utilised with feed roller 77, as shown in
Figures 7 and

. This ro]ler has.cirgunferential grooves, 78 along its
peri pher yA8ri# ‘ﬁ%e%l}'ﬁtt@d'{‘? ﬁmﬁgrfa}lfl’&l%ig%vﬁfl?fﬁ e bg rpﬁ?ﬁ’gﬁd f??QFCQ‘P‘?eg‘baﬁoves
78 mate with the bosses. 76. The rqller. is wthdrawable frqm contact wth
Uvear o 450 eciber DRR AL 40 epcloted. e Lo o o SHEP rtadl ookt tandt | 0
h roller. | 826. heet ,stock 7 rinted

[ I h . b
(o Feli nieBmigitnedaam,cipPed il Hot syepafbartostdns i “Thg ARk el
|1 77.qnto .t he .d The rigidit f t t hat JUd
T B G Sa b el b e AR B8 B R
tact; t hat _i. b i ntai ni the b 76
ot he. dclraekdRes i pRAGEY abBugE B AR vl 1O 08 Cc "opens the valves 71
agai nst spring elements breaking seal 75; and these are nmintai ned open by
the action of the vacuum 25 on the sheet 79 thereby creating a new seal

bet ween t ﬂewﬁ?ﬁ)%lr apptecibfed HoMneabboR6descriptibn Rhat alcomPact! SingeRent is

g
illustrates a val ve nenber ?romflgure 6 inhits open position and with a

sheet 1 of @Wﬁeh?ll‘ﬂeoblm?y REmS bROthatihma Mafer Adckm Zlthe BAtpRX PaSdrathckFac@e 79

does not e flat on the surface of drum 36 but is displaced slightly by

boss 76, g}t @kl REcdndCinkRE pHA héads @R, B0tandrthy fdyeind febndvecueh dhitfs 3bget
Tying directly over the hole 70 but over the greater 5 area A shown in the

figure. Thg.sThe iep@npdper saék 12 lieaBposcdhove ik sedond vastmamniram B iand tlee
figure) of the valve over which the vacuum acts when the valve is closed.
The resul gdcond Bikgettpeint heaks30)raad has & share feed atistostht fi7§, vaovemciyumesl & HEhei as
applied by the spring elenents 74 (figure 6) and holds the valve in its
open posi dutput pdpdr Istacki3dlis ldéspaggal Belowtthe firftatacuhm drmgr ¢6 apfl thé Spstdokgeent of
t he paper and thus the area A

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.



wi Il be determ ned by the paper characteristics and an equilibrium between
the af orenentioned greater force and the bias exerted by the spring

el enents. Thus a lower spring bias will result in a smaller area A, as wll
a stiff paper having a reduced propensity to deform As an al zﬁqnﬂ{;ﬁ\éﬁ
area A may be defined by a depression or 15 countersink formed in 402
external surface of the drum about each passageway, as shown in dashed
lines in figure 8. In an alternative,- non-illustrated enbodi mrent of the
invention, spring elenents 74 may be arranged in an "over-centre” fashion
so as to [Eacls dnmhwealhBfivempiidesi asielohaving adon2fcaope nrengahasest wakd Bgon
depending on the proximty of the valve nenber to that position. Such a

bi st abl e whichefoamr anareayecfiradial pasdigevayndl petvaeh uhe attsidedoahg side dfhthe
‘material to be printed, where the partial actuation of a valve that m ght
ot her wi sednma.uThe outed syiface afitiseshtell is operédwith matydimtical. oubdr flatg42eshigha) and
(b) are sectional views of another bistable val ve arrangenent that

_ functi onsisperfopsted syith amaredyeofhdles 4hbadpg rdfines pitnb thadtherpithfdfehe mtallal
pressure. That is to say, when the valve is proximate its cl osed position,
it is bi ad8edh use, thweshettotbeaf paper7is held agaieRbe@UEersusfacé ofithbutkrfplate 4t i al
pressure and when it is proximte its open position, it is biassed to the
open position by differential pressure. As with the enbodi nent of figure 6,
a val ve nenber 140 having collar 141 and shoulder 142 is arranged so as to
be abl e tIn sselembodimgerdy shovas irc figwiced.ctagh passagewny 4dbes afrespehvve leayf or med
indrumwall 36. A5 vacuumis generated within the drum as indicated at
143. Unl i kettgsflzwalnes4% airbal ireRpestive aifopresaye senser PO westream oA dke vaiye ¢8 in

shoul der 142 is isolated fromthe vacuum- for exanple by outvvardlg/

ext endi ngthecssaggWay ABr Anmeahenical ofrrleciti¢hl SERNEHEETE SANBFIHLIPHSERTIN (S to
pressure supplied to the space 146 hel ow, fqr exapple, via an inlet 147

f or medOi nits Be%ﬂarvwvmﬁrfpéﬁqt [WheRgheplr preasuze gefeeted by thesenser hiscelptivsly 141,

As a resulf, 10 valye nenber 140 is urged into the, cl osed posjtiaqn, ,shown by
a pr essur Bighithe buttsrlly valve i4§gs goed, %‘Mﬁg’r thg dgtecigd aiRpessuFe gm‘&ﬁ@xﬂw

ot on e Gl i o, Brftubitdlle e Bbifhinrebbinlolle 1o

e o, Wl B s Bl Tk Sl I Sl

fsﬁregte Eéezfeés;:}"%ym}dh e&ﬁéf@ﬁtvabree%su?g a(?fol ng orlo%?eﬁ'e ’6ppos?%s_eeg§ur ?aé:)el (r)]f t he
155, bRk BECEP e 405 MR B ke U el JRGRroBnblic o

posi tion. e need I’ spring e correspondi ng

fine Lol CLgRtfintP Myd|fSSuSHE M o |BRSCERONITBRlg ARG vl Bee MY

be easier acture, particular y noul di ng.
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



25 'The printed sheet 79 may be stripped fromthe drum as previously

descri bed. However, it may in preference be stripped in accordance with a
further enbodi ment of the invention shown in Figure 10. In this enbodinent,
a striproller 82 is nounted ~J 1~ ;Pf~ "JOZ - is internally to, and in
parallel with, the drum The roller is wthdrawable from contagt{ iftth 758
drumto position 82' to prevent stripping when nultiple pass printing is in
operation. 5 In use, the strip roller-82-s urged against the interior of
the drum when the sheet 79 is to be stripped therefrom This causes the

rol | er 82¢dgs ofpthe shere 46afwpapery and thepassagewap 486 todbe l4fbis mas-blecked) sisdei ng
seals 75. This isolates the vacuum from sheet 79 and al so causes the bosses
76 to |ifthersheetsHoiststill bring fed emtarthe drura d6/28ThEBbe hisgresshves onethe dattetfly dr um
tangentially and is collected in an output tray (not shown). 10 Wiile
descri bedVvalke 52| batween the pacagawaysi4Pdnend 48Gnare matibplansed, osa titat utterflyi | | be
apparent that the strip roller of Figure i O may also be used with the
embodi ntnval¥e Sistsi agticloglawiss so asfel reluce thy pressuss in the Hagsagawry 486 and,alssj ect or
24/ 32. 15 Wth reference now to Figure 11, there is_ disclosed an

al t er nat i VethgPassagpyax 48As P10 beeayse theuprssiggwvak ¢ 0Baisvandy pastlyeblorkedo dreeat h
the drumwall (not shown) there is disposed a flat sheet of a thin materi al
whi ch has2b@Esss6s R dhq Pfterlly yaree2 bsfween thernaseaesvays 4PAxad 40R weradso
chemcal mlling or ofher neans) to forma hexagonal matrix 90 to _which

val ve basB beianged spihatfiusterly yalve byists,cloqipnise sosas togrpdugsythe geessre iy they
clarity, only one set of spri n(t;s has heen_j.l| ustraqthed.) The mal e val ves

(not showRjssageda KIPEYIdS & LEFRIT aifrah AR olding dpwmy thg lpading edge)of the he
d Il at hesi ints 92. This. t f ti inth
or ovi ous| SHeEbBEPT BAREE: PHENELRLAHAT oot i B BREUDLLEFSS ROUERany

I : i,Lal i d I be, f d | di
exarpt8) 55 3l ab e SFE gt o i pasesein 10 954, SBAHBIYAI PBitp b Mtudt er . 25
Fi 12 h | t tive, i f I I .0 that sh [
Fioure o PRoaegPaRs <o St st i3, dhedie et mde e of epbiithes "

th | with.t 1 | 002 .- 19 axis, i i ded and
eal s wi { HeAFL st SRR R e st BLHE B U e B val 1 36 AS. shown i
figure 12(b), the sealing surface 102 of the drum 36 can be profiled to
match to conical face of the noving valve elenent 100 - in the case where a

val ve doefroﬂﬂhc%?@l'e, ﬁ?ﬁlgggnéﬁ?gyﬁteﬂ' tat, k&étl{)@@{é&t@%@%ﬁ%@%fﬁﬁé@g ng aAigEe and

tear, or random m sa on cl osi ter

ar r angenesy isdt lbrdigy ot e e id?@é‘,ftﬂ‘én i tﬁ@ilag%r‘t‘% PO 301618 h eird 2P

bet ween seal ing surface 102 and val ue nenber an the arrangenent of

figure 12{jgdedWRitRns 88 /thdl Bty k @R RABCHGH HOHRsbe bBoiAs At/ HHR! suPfie€ ot B and
t he val ve nenber 100. 10 As with the enbodi nent of figure 11, it nay be

b
advant age@iuf 16728 didricatheliedkatdst v Ge Birterfy abIvenge @i so Gt ir GM{déeébari?S a
unitary assenbly. Figure 13 is a sectional view of such an assenbly forned
by rmoul diliigh aiy fiow este lis avdidetat Whealths shidet 45 ifbeinigafetl oty thevdrhinel & n@nt 100
is formed as part of an el astoneric sheet 113, which is attached to drum
wal | 36 hincrepsedesasuuin 2s sppdiedtah dte edgly of tHearentovetél bys thersheet 4t Wheedle ng
contact with 15 sealing surface 102 of drumskin 36. In the regi on between
space2® Ish2etadéds \fially badedrbato thedrurh Hé/24, disdrnoitis held sfosat bypinefeasabvacubms t he
formof a conical shell. This provides a non-linear resistance to the
i nwar d diapheedaeeaf thedsheetf46y atloweverpratdreas dfthe ldaum /2 awge fromathe edges
characteristic 20 illustrated in figure 14: the resistance F to novenent
when t he ofghe shdet 46) whetlier agverediby sheshext 4€, orimotsthgrivtierfinvalyegf2 areein t han
at higher values of D corresponding to the valve being in the open
posi ti on.thdiniclosehpesitéens; 5& that oshsureskicgd yacwwa s applisdemdtshdhatahers is got| osed
wi thout significantly opposing the attachment of paper to the drum when the
val ve i s aspemecessarilychipleair flowinn theeagiens nottoveredshys thensheelcfar act eri sti cs
are obtained 25 with a conical formhaving an angle 114 to the plane |ying
norma?3 to the conical axis 115 in the range 15 to 45 degrees, an angle of
30 degrees havi ng been found to Pr ovide the optimal characteristic.
Movenent Mp¢re drsail of the eanstruetiarpof the embadismens of figwge dpwill noy perdesprbey2 - 20
positions may be effected by the mechani sns described earlier with
r ef er encewitlhrafergnecety figures 4 and 5.



10-and 11. Figure 15 is a section taken perpendicular to the axis 131 of a
vacuum drum 5 incorporating the val ve el enent of figure 13. El astoneric
menber | 13 is advantageously secured to the spacers 112 of drum 36 by
sprung cylindrical nenber 130 which is preferably split as indicated at

132, allowing it to be conpressed (the state shown in figure 1&1@@% o
renoved frominside the drum This in turn allows el astoneric 0% t o
be renmoved for nai ntenance and/or replHcenent. Menber 113 is further forned
10 with holes 111 (figure 13) to permt the necessary comuni cati on between
t he surfade méntidned dshoveskich Gamarvilk B6 ccaupnises i nshelk Habingdn Uimneyborab nay
advant ageously be generated by a punp located within the drumitself. In a
non-i | | usamrangethentipf avalls 38 whighuferm as arviyuofi ikiab passagewaysf 40 betvednaket he

- sprung 15 cylindrical menber and is secured about a rigid inner cylinder,
with the eutaidemndr the insidbaxf thd Iiriyai IY2&andaisbowd prstiowanty tihefiguse .4, Bheh
feature disclosed in this specification (which termincludes the clains)
and/ or shpassagewayh 40 havevarsgearenasospeedtionor Plos eyliwirical outer platee AR, which is

" dependently or other 20 disclosed and/or illustrated features. The text of
t he ab$§t r perforaie awitthan empy hf holes dphenurmtnis ped issatpaghed tof thetateparface ofit i on.
A vacuum drum assenbly for a printing nmachi ne conprises a drum having an
array of % sheld.sddbohtihe buterflyabiesisBiare Jommeshby iatstngle ayjirricatishect Ghofi t s
periphery to permt air to flow fromoutside the drumto inside the drumin
response &SprrgyLmerigl r Agsheveay particulgrlydnifigure Ay the sheat 3hisaformpdoritivanve
menbers (52), each valve nenber being novable , ~ 1 ~ f' ~~02 -21 between
a cl osed paay of gight-anglad drAangylar %mﬁ% et &f Whigh hagtas brgak) $hdn theslasf t he

passageways and an (gggn position in which the restriction of that

passagewahalbyay aloag the bxegiewss of ithe faangle d BetWeemtedumotnses of adjasenthat |
Dont T bobsinrof e Grmeyiat Hoi5 56 RertBTs G0 S5k (ATSE “asts o Alighr Ve Be bfer  he
he sheet SGa B MRS A Bt it SSEaT thidscie grats of BUsE! S open
B R R S
P am Mt 3BE PRfeiRbd or the Sh BAD Bhtf B uld"BoRBnL o Uhafles i cREP ™, O
Tarn ey CERENEC Rbe'6s M il HAURIF S MGE 36T b Mt eh oty BTS2

countes, rotated. Material to be printed on is fed to the first drumso that
the material can be 15 held on the first drum by vacuum and r ot at ed

ther ew t hEaddudicl ishiSdesPihhi sigdk Raikial &t ®Behedtd Rfa fR&ic¥BhAELA eg. The
material is then released fromthe first drumin a direction towards the

second dr h'?o%ni&b%uchh@ KRPFON(tradmagk)heladsoi ishisensfigian dord fHénbiltyerAgcuum
and rotated therewith. A second print head then prints on the material on
the secondaidésui® bel Biphiptahpal, egssd g they eRbidt itOrrdtend pecrebly Breater

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 matenal.



- 22 dains 1 t~PR ~~D2 1. A vacuum drum assenbl y for a printing machi ne,
conpri sing: a drum having an array of passageways distributed along its
| ength and around its periphery to permt air to flow fromoutside the drum
to inside the drumin response to reduced air pressure inside the drum and
an array of valve nenbers, each val ve nenber being novabl e bmt Fﬁk%ﬁﬁosed
position in which that val ve nenber restricts at | east one o i
passageways and an open position in whigh the restriction of the at |east
one passageway is reduced wherein a said valve nenber is nornally closed
and i s opdswing descubed tve embodinidnty efithe preshmt inventioge itovill Yeeappyeciated thavat
when a partial area of the drumis covered with nmaterial to be printed, at
| east sonmanyf modificatidnseands developmeptssnay) bovinade avijlin ¢t scape ed glee mventiat. ar ea
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
assenbly as clainmed in claiml, wherein a said valve nenber is opened by a
pressur e Mirfexamphs ¢ Bischanism adi!}abernlaqgels%age\mmﬁer owputAthatistaples| duplex-
clainmed in claiml1, wherein each passage row ded with a respective
such \fal \psintsnsherts tagether elong mineptrading| anid ntéanufn ds|th¢ shezts elobgdhat eath of
the valve nenbers affects an adjacent pair of the ssageways. 5. An
assenbl y lins, tiepgbyele fonmca hraphyre eobeoklesi ngleatiy forpgxsttpowgrlq@éhmeam datpacent
pairs of passageways; each valve nenber conprising a butterfly valve
pi vot al | ynmbmmwé‘rd tp the ppinteriipsuelnan order leat\the respling pagss af thedhankdad
towards its closed position. - 23 ~ 1 ~v~ 2002 6. An assenbly as cl ai ned
in cl ai mae theatselyendn HisaepsTecherdesnpi ng t he novenent of the val ve menbers
wherein the wall portions are of energy-absorbing material and are
connected to the butterfly valves to effect said danping. 7. A vacuum drum
i conpri sj havi.ng an, array of

assenbly for a printing nmachi.ne, n a dru

pass adewneyEo,dhe Yaquymt %’g“"hﬁeﬁli’ib}q\‘? may é’ﬁg"PH ‘%ﬂ% dorg e’lt? Q“Bgﬁ’f‘ phishdarptper i ¢
air to flow from qutsi he drumto ins the ru rresponse. to reduced
i v press*@w%ﬂren%? RUKIDR Qoo e e PPLGH 16 POAISS WSS 200 00X e e
menber 5‘“@? rrgkggabl e_.bet uween a cl osed position in which that val ve nenber
restrict t eehrifue, REPERURG e passageways and an open position in which the
restriction of the at | east one passageway is reduced wherein a said val ve
menber i s opened by nechanical actuation; the arrangenent being such t hat ,
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: f th
ot erial sh?ééﬁ’ai Eﬁﬁ%%‘t Gy 8. oD HBRRIARE Butds W iffeftf SO, &8 @%‘W ©
assenbl y @S &drih méd i a%lg%mn?mmw@emqmu%aes&mqamom&twmvghéadfew th a

respective such val ve ne An assenbly according to claim7 or claim

8, wher eigpintdrethéadaBuitdRe] nf9Ma15d B8 apphitdhid kd holBAREowhi the <dRYESf Wes val ve

member to the open position
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 multi-colour type, or a plurality

25 of different coloured print heads may be used, angularly spaced around each drum.



on nechani cal contact with the material to be printed. 10. An assenbly
according to any one of clains 7 to 9, wherein the val ve nenber is biased
so that on renoval of the material it noves back to the closed position.

11. An assenbly according to claim 10, wherein the valve nmenber is bistable
bei ng bi ased towards cl osed when proxi mate the cl osed positijf anﬁRahﬁﬂ

bi ased - 24 ~ ~ ~~P~; L002 towards open when proximate th J £
position. 12. An assenbly according tojglaim10 and including neans for
applying to the valve nenber a non-linear closing force that is greater

when the walfiRhérS epbBEinieAt ©ft R FivesSsh 19Shbwan it Magurshen appO%I Mph gpihe
open position. 13. An assenbly according to claim 12, wherein sald neans

for appl yiefBodini, the A wall3sisid risedR i flsheet GANEIS Al pepfdfitbd O
resilient material. 14. An assenb?%oggjor ding to claim 13, pwher e{;dn%tll}e

coni cal  shglabrageds Rsigs 20 v, Gustdepldidd, Rir@ R dirkR8 che¥sBBbtidrOaltddigh Cbghé‘ra'
axis lying in the range 15 to 45 degrees, preferably 30 degrees.” 15. An

assenbly gfpesettds bt @érﬂ@l&ﬁed?r%ﬂﬂ fReldrunMie] Bi fegffer SvittPath sTBRRSTe has

sealing neans for sealing with a respective passageway in the drum the

seal i ng MpARfaks) 6Pmald RGve!71Veddh SfowHich @ohfprises Hehdmfetél, cHlindriae ebla
according to claim 10 and wherein said biasing neans generates a force on

the val ve7paikanditgein teeholt at integralswith N atdsr Slulder gDIeNadtesd 86 a2
result of said reduced air pressure acting on the material to printed. 17.

An assenbkylimitizal doliwy (a9 shdvan)nit maybe biconitallefpsssetion; aid GRUENEal Akizk | S
formed in the surface of the drum around each passageway. 18. An assenbly
accor di ngniag bt arthogOnalawithi the| padsapgwapraxig ozl morentTheavaiaesg @l are Biased
over-centre fashion, thereby to bias said valve nenber into one of an open
or cl osedopardlydn fhig-éighii retptionshifn e theakriimi w3ll bfy wallemoahted spenghelenteatst hat
position. 19. An assenbly according to claim 10, wherein a first area of
sai d 1@l v@4terfoom ansamumlbgreetl 150 theaewlith ovhilectheadallapy €2 sue dimensiomed do vrege
said valve into its cl osed - 25 01 AP.; ~~~2 position when proxinate

t hat cl osprbudosfi the dmmawall sshabessn’G@whensndiaseda of said material to be
printed is subject to said reduced air pressure so as to urge said valve
into its open position when proxi nate that open position.

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 18/26.

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.



20. An assenbly according to claim 19, wherein said second area is greater
than said first area. 21. An assenbly according to claim 20, wherein the
val ve nenber has, on a first surface, a boss for mechanically contacting
said material to be printed and wherein a second surface opposing said
first surface communi cates with atnospheric pressure. 22. An a@ssemaRy%{wg
according to claim?2l, wherein said first surface is engageable with

peri phery of an associ ated passageway-flér-ned in said drum thereby to
restrict said passageway. 23. An assenbly according to claim20 or 21,

wher ei n sEigire 8lillestratesavalive nfembrer drom figure oy s opempositie amdywithea sheef ace
of said boss with said second surtace. 24. An assenbly according to any one
of cl ai m of matariahitorbg Prinpddeatiiichedh Ad mighit ibieyexpécted| sheetnzhitieessnatrlie flatrered i n
a matrix, the matrix enga%imng the inner surface of said vacuumdrum 25. An
assenbl y thecwriaceof dowms Baibut Badisplaced slightiin by basy 76 allowing thei wactiuy toraged

agai nst the inner surface of said vacuum drum by retaining neans | ocated

wi t hi n t hgotdenlyhovesthanarea o dhsheehlying direrjlytavee ithe hole 70 bt @ver thet greatdr um i s
resiliently urged against said matrix_ by retaining neans. - 26 ~ ~~ ~~71
~~~2 23. Arsads in the figurd. ki is sigaificapty lagercthan thay areg (shawmaeB intled udi ng
means for danping the novenent of the valve nenbers. 28. A vacuum drum
assenbl y figare op terital ypyovaiottielethesigapimn artsgvhea the yalva as elasedad hgresuting
passageways distributed along its length and around its periphery to permt
air to fl etater aIreesures forse tasts an uieeto’9, nayadeomere the hwmppﬁ)lé@dahﬁae springduced
air pressure inside_ the dru and an array of val ve nenbers arranged

| ocal |y t elemgnts Thadfiguse g pad heldsithe yplye iRdisnpen ROsH9ovabl e bet ween a

cl osed position in which that val ve nenber restricts at | east one of the
passageways and an open position in which the restriction of the at |east

one passage is reduced; the arrangepent bein uch that, when a parti al
area &f tﬁe"\‘l’\@r\rﬁlﬁﬁm’éci‘ﬁ\?gr‘% lﬁff‘ﬁsrﬁapg%sarm?fae%%pﬁ RERET, angh thps the areg iy of
t he val ves.faor the passage s adj acent an_.edge ,of that,..,area are open, and
Lhe val vedik e RErBieaolE BY i AHemmelES G00 or PR Hew e thd,
are not adjacent, an ed:c; g.f t hat éﬁrga are. cl.os

i dpipeqnd
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passagewa provi
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



with a respective such valve nmenber. 32. An assenbly as clainmed in claim
30, wherein each of the valve nenbers affects an adjacent pair of the
passageways. 33. An assenbly as clained in claim28 wherein a said val ve
menber i s opened by nechani cal actuation. - 27 r~~~F ~~~2 34. An
assenbly according to claim 33, wherein the val ve nenber conprises

actuati ng neans whi ch noves the valve nenber to the open posi.tjo N
mechani cal contact with the material .tiy be printed. 35. An ads n@?@ 2002
according to claim33 or claim 34, wherein the valve nmenber is biased so

t hat on rpositioal byodiffehentiahpressund and whenvie $s progindteits bpercparitich, i0isiYiaseed 36.
An assenbly according to claim 28, wherein a depression or counter-sink is
f or med i notthe open fpasitionfbyt differtntiah presmured AsatittptiesagtotdimenBdf fifureag uaim drum
- assenbly for a printing machine, conprising: a drum having an array of
passagewaivedmsinbeb ud@ diawingregllart K1 amgdhoukier 142 tuardariged speasitplberablé @ permt
air to flow fromoutside the drumto inside the drumin response to reduced
_air presseale morsictdesshonmpietely, aith the edge af a biblev?0 Yermednihedrandivall 13w ed
along its length and around its periphery) each val ve nenber being novable
bet weén aactwsesigeresated withimtheddiumh a¢ indicatedlat €43 ditke predous ehbodineheast one
of the passageways and an open position in which the restriction of the at
| east onciopayverdgbedywes surfahgcbt of kkowderal#feiseisolatedi figmsthehvaduatm - \vfben a
partial area of the drumis covered with material to be printed, at |east
some of texempld bysoutardlyeexprndingy eceding mapbrapat148n- edecxposedhdosteadeto ar e
open, and the valves for the &)assageways whi ch are not covered by the

mat eri al awndspieEcressy supphed 4 thedipace 146 halovarfen exaraplel wisean iwet 14%
assenbly as clainmed in any preceding, clai mwherein each passageway has a

ci r cul ar fomnediinasecordary grum skin 1480y yimaborerld8 Jomaed ingmollap Adl .1 hea pesublageway s
are distributed along the Iength and around the periphery of said drum 39.
An asdentyialveamerbst 126 15 prggdaints 8w, clasrs pesitiamghayp b aspresswsn differened
passageway i s general ly square. - 28 01 ~~ ~ ~~2 40. An assenbly as

cl ai med 3RUBHPVE FEBETACEAai m i ncl udi ng neans for danping the novenent of
the val ve nenbers. 41. An assenbly according to any preceding claim
including printed material stripping means, which is positioned within the

crum snd el SO L6, Do g S TRl WAL o LIS e g i um
(e 1% 32 o TR BG5S s MR e LTS,
edge I%f td@SreQEi&%% fSRh&d ina{heioﬁxtcr 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



requiired to be stripped. 43. A printing machine, including a vacuum drum
assenbly as clainmed in any preceding claim 44. A machine as clained in
claim43, further including, for said drum means for holding or directing
the material against or towards the respective drumat the position in
which the material is fed on to the drum 45. A duplex printing hedi ng%
conprising: first and second vacuum drum assenblies each as clained in y
one of clains 1 to 42 and with the drd®s- parallel; neans for reducing the
air pressure inside the druns; neans for feeding material to be printed on
to the filptgmaliy m aul inparaliel svihates deimc drhegwlige igwithdrawabig from eoniastby
vacuum and rotated therewith; first printing nmeans for printing on the

mat eri al VoR theedmum & pasition 8aeihravent sEipping when weultipleepass|printivg iskis fir st
drumin a direction towards the second drum so that the material can be
hel d on tOR&r2EBond drum by vacuum and rotated therew th; second printing
means for printing on the material on the second drum and neans for

rel easing the material fromthe second drum 29 ~ ~ ~i~~ 1t~ ~J~ 46. A
machine as clajnmed in _claim45 wherein: the direction in which the rmateri al
i s rePeadBdshiBeSTRIOHPT 84 1sdiresd REAMRS dRe IHerQTRighe daimavhen thebeat 19

parallel tQ and opposite to the direction . in which the nmaterial .is fed onto

the firstto deusmprradgtherriram.r Jhis sanses thhreller: $ tognue; e yalvesey bdatedther om
the second drum..s generall ar al | Q0 and opposite to_the direction in
ho on e halosd pHition Te-oranlsiE el Lo i ANt the avachyps. Om: shoet 28ends. AR, A
Y e falioggghies thebosses 78 to i the shebi oM the axn sutface, Thé sheet then leaves Y~ <"
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a] ca)] ca] ¢gq maladlgCk vaives] Didebtly beneath the drum wall (not shown) there is disposed

aJca] ca] ca]cal ca]ca]cal ca]c"a] ca]ca]ca]ca]calca]ca]ca]lcal0 3 agctcycc#dudd&

eeeePf nf fa fiut gheOolilithinGhutekal whiehhax been workdd (fat exdmpleCchy eklcoafaraiing,

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c"a]ca]ca]
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a] ca20a] set]of spumgschaspeer iiktrafed.a] Tlad malecvadyes (not shown) are moulded onto each
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c"ajc"a wamyec Q)D/mopld.mg)@s 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
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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 11, 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
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Figure 15 is a section taken perpendicular to the axis 131 of a vacuum drum
incorporating the valve element of figure 13. Elastomeric member 113 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 aliows elastomeric member
113 to be removed for maintenance and/or replacement. Member 113 is further formed
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 15, drum skin is itself formed as the sprung
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

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
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
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" 10%r8 ( waleﬁmt the edges of the area are open, and the valves for the passageways

which are not covered by the sheet and are not adjacent 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 from the second drum.
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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.
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102Gz2{{ #TA'\}a%Ef'/m 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
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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
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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
surface.

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.
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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.
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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
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
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.
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10 @& 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.
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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.



