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PRESSUREY " “DEVELOPER APPARATUS 0po PRoBGthufa of the

| nvention The presenat—inventionrelates general lytoanimaging
system utilizing i mgi ng sheets containing rupturabl e photosensitive

m crocapsul es and, nore particularly, to a tension arm devel opg@gpar at us

for ‘devel opi ng images in contact with the i magi ng sheet by ’é.:;vl‘y";
devel opnent usi nBé'lbm nt commwwmmmmpwth the oM surface

of the i ‘.o BN ATIORAL AP ;_".'..‘__ | Aty ’.‘l“_1 % P’é@ggé%fﬁéﬁ%%ﬁg}[m
The NE@F‘WM‘C'E!%PPE an i gmwmmmsemmmmot os e 96/24089
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pr oduc ¢ (22 Internitipél Filing Dete: . leummmmys em i 9P, KE(KG, mm% BOUS, MD,

becaus¢ it is a totally dry systemand dogs no X e R oAl . 5D,
of wet | dg\slmapBRERL Processing sol ytions t o progaeat NS, Uwpsts sz,AG), patent (AZ,
form ng chr osisgssv c rrataelanmﬂymsgzz.ms ausy bstarnmm. cEuopegryiatent (AT, BE, CH,

former] is typically associated with the ficro %ég%ﬁt% LUMC"‘#"";{%- :
age- \uassﬂ‘

m Crocd agwmummtmm (USAISIE Meda 1B S dper
mat eri al wmmemmmmum e enbodi nents descri bed in the

refere ced ﬂﬁt“éﬁ‘é’s) the microcapsul es are ically ruptured by passing
| Mage- Yo%t Se, JHRE AR, #2119/ Sprihg2iObbo) Wi inl2lniOa EsRardh rpH. T OF
Huber Heights, OH 45424 (US). RANEY, Tommy; 10256 Before the expiration of the time limit for amending the
Mudlick Road, Germantown, OH 45327 (US). claims and to be republished in the event of the receipt of
amendments.
(74) Agents: LEVY, Mark, P. et al.; Thompson, Hine and Flory
PL.L., 2000 Cowmthouse Plaza, N.E, P.O. Box 8801,
Dayton, OH 45401-8801 (US).
{54) Title: TENSION ARM DEVELOPER APPARATUS
(57) Abstract : ‘? _CM'
A pressure developing apparatus is described for use in developing Q B
images in the image area of a photosensitive imaging sheet containing \ -
microcapsules, wherein the apparatus comprises: an arm which oscillates
in arcuate paths across the surface of the imaging sheet; means for & -28

oscillating the arm across the surface of the imaging sheet; means for
establishing longitudinal movement between the arm and the imaging
sheet; and a developer head positioned along the shaft of the arm, the
developer head further containing at least one point contact element
which is resiliently biased into contact with a surface of the imaging
sheet such that the point contact element traverses the surface of the
imaging sheet in sequential increments to provide a plurality of paths
and applies uniform pressure sufficient to rupture the microcapstiles in
substantially the entirc image area.
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Cafendar rol lers. _ Wi | e heavy pressure is not requi REPE&CE EEWQHEET

the m crocapsul es, high pressure and | arge calender rollers a ncrra

“used to devel op the i magi ng sheets. Even carefully nachi ned Watal_calender

‘rollers have uneven surfaceg#sktiRene r oveiLdmEs Apbariessed ppn SdhdUhelsss
the surfaces of the rollers are not ?n contact over the entirg pgt h of

t he WO 96/ 24089
PCT/ US96/ 00979 rol |l ers. ByBagktiybomdpisfsdiltee Irprdrivei dmwl | er sS—the—heven

~surfaces or surface irregularities are "snoothed out” to provide a uniform
contact line between the rollers. The high pressure and l'arge size of the
rollers are necessar?hcopashﬁetelawgnﬁxnnnIﬁb@te@ugenarailyhaQWﬂuLwlng
forces acry e f [

not unlforgﬁ g%ﬁg E?@ uEE &Q& glng ‘§£?§5%%5%|%%Hﬁﬁé§§n f%éﬁﬁ%ggie

t onal char ‘é‘?$%’t‘$é§lﬁﬁ F‘F}Erpé@ﬁlsﬁ 1ap iandesnere m@rtg§§élarly. to a As

the wi dth «dndheni spai agvehepes &@ﬂadﬂ@:@@rfﬁp@@dénsphﬁagm Q_;fest flgx

cal ender rollers |ncr as t he .di anet e e rollers nust also

Por eased THR AT UL PR R} HMAHHISE (TSR % e T HEF S pREYSLPETRRA sing a

the ends gjoifie cohtacs ededientr ibltcerhmuen|withotBet Barart s AR e

the rollers $§§ 8 % QSEal rule, the dianmeter of the rollers nust be doubl ed
as the Iend? T € rollers is-doubled in order to maintain sufficient

stiffness. Thus, as Uh&.sPatceot Nos .i nQa,g‘:lQﬁg z0heet s, 4D6), 085€S 4, UWhe ,@aH ; and

size of effegidVv Legs € I p u S _pr.ahi bi

In partlcuTar42 §8F §a?g§rb%gesgﬁ¥§‘€o 0§@ gégé ggggbﬁqg feF rIne

The Mead Corporation, describe an imaging system wherein a

photosensitive layer comprising microcapsules containing a
photosensitive composition in the internal phase is image-wise
exposed to actinic radiation and subjected to a uniform
rupturing force whereupon the microcapsules rupture and image-
wise release the internal phase which reacts with a developer
material to’ produce an image therein. The imaging system is
particularly advantageous because it is a totally dry system
and does not rely upon the application of wet development
processing solutiomns to produce the image. An image forming
chromogenic material, such as a substantially colorless color
former, is typically associated with Ehe microcapsules. When
the microcapsules rupture, the color former image-wise reacts
with a developer matgrial and produces a color image. In the
embodiménts described in the referenced patents, the
microcapsules are typically ruptured by passing image-wise
exposed imaging sheets through the nip betweén a pair of
calendar rollers.

While heavy pressure is not required to rupture the
microcapsules, high pressure and large calender rollers are
normally used to develop the imaging sheets. Even carefully
macnined metal calender rollers have unevén surfaces. If one
roller is simply rested upon another, the surfaces of the

rollers are not in contact over the entire length of the
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i n devel opi'ng apparatuses designed to develop relatively small KF,'AQE AENT SHEET
e.g., 8-12 inches in width, in certain applications, such as cplpr
proofing, large copy widths sonetines in excess of 36 inches afe| udedl JUL 1998
These copies are so large as to-nmake it inpractical to devel op} them using
pressure rollers. An addi tional 4rawback of processijpg T nagi ng
sheets by nean gf high ressure _cal ender %oll rs_Ls_that .song he
ni dtone qual FES SPSPnEXBEDBR Rk otREsERsrs (PEs EeVTRPR IS ARSF 0
a loss of a di-kf gegri-haheni crocapsul e rupture and is referred to as

"m dtone nottle". Thus, a nunber of difficulties have been encountered in
designing cal ender rollers for pressure devel opnent of the aforenentioned

i magi ng sheets. Al ternate teczﬁigueﬁ f or _processing i magi ng .
sheets w t hout bul ky, high pre a e known in the prior
art. In comonly assigned U S. Pat. No. 4,448,516, the inmaging sheets are
passed over a developer roll having a -2-

WO 96/ 24089 According to the present inventiBQTtUHE®E/ A&9 PFoviidedr aus
outer surface conposed of _i nterwoven natural or synthetic_fihers or

flexible bri BEPESUTehESYEIOPGHS 2PBRL ALY, SOFt 84S ANc ORVELCRMGh RGeS
| magi ng sheetg tt?ler'f{ W alrag eC %OgﬁB%QF%%s%i%ei ' %‘ifn? sheet A
or processi ng 1 magi ng

second arrangenent genérating shear forces for
sheets is di sontadthing adcredapsadeisyjnete apparatus comprising:

a developer head comprising at least one point contact
elément, the point contract element being biased into
contact with a surface of the imaging sheet;

a drive mechanism coupled to the developer head to
oscillate the developer head across the surface of the
imaging sheet; and

~means for establishing longitudinal movement between
the developer head and the imaging sheet, '

wherein the developer head oscillates across the
surface of the imaging sheet and the at least one point
contact element applies uniform pressure along a plurality
of paths across the surface of the imaging sheet sufficient
to rupture the microcapsules in substantially the entire
image area, _

the at least one point contact element: being a
spherical element having a diameter of about 1/32 inch to
about 1/2 inch, and the uniform pressure corresponding to a

load of about 0.5 to 3 pounds.

Preferably, the drive mechanism includes an arm and
means for oscillating the arm across the surface of the

imaging sheet.
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U S. pat. No. 4,578,340, and entitled "Free Particle Abrasion etroprent-———"
of | magi ng Sheets Enpl oyi ng Phot osensitive M crocapsul es,"” whe eln.gfﬁgtqg
'sheets are contacted with a bed of free particles such that the fre 1598
particles pass over the mcrocapsules on the surface of the i lng sheets
to rupture the mcrocapsules. Athird arréfgenent is disclosed in U'S. Pat.

No. 4,592, 986, ' " ' h [ I Eﬁgi“ﬁf—kggghﬁg——-—
Sheet s Enployingngﬁg?égéhggfigggnﬁ%?%%ggéﬁlg??haakg 8?§¥§ﬁ§%|ng SR tE%r e

processed byaemntacting the imaging sheets with a traveling pile formed by
magnetically attractable free particles on a magnetic brush.
Commonly assigned U. S. Pat. No. 4,648,699 descri bes the devel opnent of an

i magi ng sheet contai nin i crocapsul es novi ng.a,point. contact which is .
resiliently biaseErFﬁFaggﬁgaggﬁSnFeﬁFFh%ﬁﬁéoﬁﬁégﬂﬁﬁ O 5P, 8FBs Sali8%ent i r e
surface of tphevebaet movémBheabley theh@rmmaaknareiaet hdvefeniedrt @na

cylinder and a point contact is positioned in resilient pressure contact

with the i nagevglopert heads the cylinder is rotated, the point contact is

si mul t aneously noved al ong the cylinder in synchronismw th the rotation of
the cylinder to rupture the m crocapsul es and devel op the inmage in the

i maging sheet or pherbpRBHYY hECE ﬁgiihg%”@qah@ﬁtoesa BlLARRY B3t form and

t he point contact I's nobved across Fhe surface of the sﬁ%et using an X-Y
transport devbtetidhsdéndanchppedpriate appeiating sockdevdbapted dn the

conti nuous mgb in which tge a int_contact traverses the surface of the web
in a circul afeygtaper head, %ﬂﬁFPX PReBE SPREARYt dSpPBEEsSYn&§P&r r angenent s

each of fer apfpactiue Ega uhﬁsggnqtvﬁxta%egr%&%pg%dtkgrs%%k%%t%%d over
nmet ho 0

appl i cati ons, ~ newer s and devi ces whi ch er sinpler
- 3- the surface of the imaging sheet.

Preferably, the spherical element has a diameter of

about 1/8 inch.

Preferably, the uniform pressure corresponds to a load

of about 1 to 1.6 pounds on the point contact.

Preferably, the arm is mounted with respect to the
imaging sheet such that there is downwardly acting tension
in the arm which resiliently biases the point contact
element into continuous engagement with the top surface of

the imaging sheet.

Preferably, the developer head further comprises a
pressure means which acts on the point contact element and
resiliently biases the point contact element into continuous

engagement with the surface of the imaging sheet.
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' REP EVENT
4 and 1 ess expensive techniques for devel opi ng i magi ng sheets LA MENT SHEE
desirabl e. Summary of the Invention co Q to
‘the present invention there is provided a pressure developing a# tiﬁi %98
for use in developing inages in the imge area of a photosensi{i we-iuaging
~sheet containing nicrocapsules t he appada® us conpri sing: a
devel oper head conprisin ast one point contact el enent, Tie pornit —
cont r act eIenent Bé?ﬁ& %&yedtgﬁtBreégﬁFECWeﬁFFhCSmQﬁﬂﬁﬁée oF°WP€e?ﬁ&8Png
sheet ; g gye mechani sm coupl ed to the devel oper head to oscillate
't he developer R&ad ‘across the surface of the | magi ng sheet; and means
.for establishing | ongitudinal novenent between the devel oper head and the

i magi ng sheet, wherein the devel oper head oscillates across the -
: Preferably, the pressure means comprises a source of

air pressure.

Preferably, the contact point element is connected to

the developer head on an axle.

. Preferably, the imaging sheet is moved intermittently
at the end of each oscillation of the developer head along a
linear longitudinal path perpendicular.to the paths formed
by the point contact element so that the point contact
element is resiliently biased into simultaneous bi-
directional engagement with the surface of the imaging sheet
wherein uniform pressure is applied to substantially the
entire image area.

L4
-

Preferably, the paths overlap.

According to a second aspect of the present invention
there is provided & pressure developing apparatus for use in
developing images in the image area of a photosensitive_
imaging sheet containing microcapsules, the' apparatus
comprising:

a developer head comprising a plurality of point
contact elements, the point contact elements being biased
into contact with a surface of the imaging sheet;

a drive mechanism coupled to the developer head to
oscillate the developer head across the surface of the

imaging sheet; and
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surface:of the imging sheet and the at |east one point conta¢t fererer
applies uniformpressure along a plurality aof paths across the $surface of
the i magi ng sheet sufficient to rupture the mcrocapsules in spbpt iﬂlfwgs
the entire imge area, the at | east one point contact el pnent_bejing a
:spherical element having a dianmeter of ab8Gt 1/32 inch to abopt 1/2 inch,

and the uniform pressu corresponding to a | oad,of ,about O. —pothd
Preferably, the dW?@ESHEEFaﬁFEﬁBE Fﬁggsgﬁﬁgégﬁaéﬂal WEXﬁ@ePgr 8§gFFPat|ng
the arm acr%ﬁe Qevé%ﬁafehesdt Baq tHth.ﬁQgiﬂéeEhee

Preferably, the devel oper head is positioned al ong tﬁe arm

Preferably, the nwhesefior thecidelelopgrt headr pecaldates across the

\v

surface of the imaging sheet and the point contact elements
apply uniform pressure along.a plurality of paths across the
surface of the imaging sheet sufficient to rupture the
microcapsules in substantially the entire imaging area,

the plurality of point contact elemeﬁts being arranged
so that each element provides a path which is parallel to

and slightly off-set from the paths of adjacent elements.

Preferably, the plurality of point contact elements are

arranged along a linear line.

Preferably, the plurality of point contact elements are

arranged along a non-lineal line.

According to a third aspect of the present invention
there is provided a pressure developing apparatus for use in
developing images in the image area of a photosensitive
imaging sheet éontaining microcapsules, the apparatus
comprising:

an arm which oscillates across the surface of the
imaging sheet;

means for oscillating the arm across the surface of the
imaging sheet,

means for establishing longitudinal movement between
the arm and the imaging sheet; and

a developer head positioned along the shaft of the arm,
the developer head further comprising at least one point

contact element, the point contact element being resiliently



pivotal'anenent~of the arm and arcuate novenent of the devel ogerf~tread:

Pref erably,

ireceiving socket | ocated in the devel oper head, whereby point don
Imade by the spherical element as it rotates within the socket gnd—over the

REPLACERE

[al

the spherical elenent is nounted for rotation in an dap priate.
PP BRI e

‘surface of the imaging sheet. Pref &fabl y, the spherical el ement has

a di anet er

corresponds

Preferably,

there i s downwar

bl b, e s § S B AL

M%r%&%‘ it%emaé%%g@xt R R 1R e PRI S Heh el falkeh Jehat
'y acting te

nsion in the armwhich resiliently biases the

poi nt cont acthel dmartinontsheatntand aie atgdgasntond pointe domtasitr fedementt

the imaging

sheet,. Preferably, the devel oper, head further conprises .

‘a pressure neRRLIfS GRIFOIM AFSRILSHIFCTD R RUraldihrlafFuasia pathsy

"bi ases the p
surface of t

%ic%s%o @h%“shu"z‘f%!’é%mof UL GHY U EhRRIMAHY et R d he
e 1 magi ng sheet. T
rupture the microcapsules in substantially the entire image =~
area;

wherein the means for oscillating the arm across the

surface of the imaging sheet comprises a cam.

Preferably, the arm is mounted on a pivot means
perpendicular to the surface of the imaging sheet, the arm
including a slot at the proximal end thereof for engaging a

pin on the cam.

According to a fourth aspect of the present invention
there is provided a pressure developing apparatus for use in
developing images in the image area of a photosensitive
imaging sheet containing microcapsules, the apparatus
comprising:

an arm which oscillates across the surface of the
imaging sheet;

means for oscillating the arm across the surface oﬁ the
imaging sheet;

means for establishing longitudinal movement between
the arm and the imaging sheet; and

a developer head positioned along the shaft of the arm,
the developer head further comprising at least one point
contact element, the point contact element being resiliently
biased into contact with a surface of the imaging sheet,

wherein the developer head oscillates across the surface of
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Fyrf..

4B + Preferably, the pressure neans conprises a conpressio
Preferably, the pressure neans conprises a source of air pressu
Preferably, the contact point elenent is connected to the devgl )péfrUhﬂB.d1998
on an axl e. Preferably, the imaging sheet is noved intefmittently

‘at the end of each oscillation of the devaEoper head along a | {near

| ongi t udi nal  path end] cular t.o ghe yat hs formed by the poilni—contact

el enent so tﬁg Egn? eght gog € Feﬁg eF§tr8§FIP@ﬁPFyCBFE§€B eAepent

si mul t aneous r I t CL£0
sheet MhEFEI%B 1l?grﬁﬁ%Fgg§u ggggqgggﬁgggbtg gmggég%%?aﬁf Lrhﬁs ggﬂgnage
ar ea. aPretsr ahkysuriiacpablfs thecimaging sheet suff1c1ent to

rupture the microcapsules in substantially the entire
imaging area,
the developer head being disposed toward the distal end

of the arm.

According to a fifth aspect of the present invention
there is provided a pressure developing apparatus for use in
developing images in the image area of a photosensitive
imaging sheet containing microcapsules, the apparatus
comprising:

an arm which oscillates across the surface of the
imaging sheet;

means for oscillating the arm across the surface of the
imaging sheet;

means for establishing longitudinal movement between
the arm and the imaging sheet; and

a developer head positioned along the shaft of the arm,
the developer head further comprising at least one point
contact element, the point contact element being resiliently
biased into contact with a surface of the imaging sheet,
wherein the developer'head oscillates across the surfacé of
the imaging sheet and the at least one point contact element
applies uniform pressure along a plurality of arcuate paths
across the surface of the imaging sheet sufficient to
rupture the microcapsules in substantially the entire image
area, the developer head being movably employed along the
shaft of the arm wherein the movement of the developer head

along the shaft is synchronized with the oscillation of the



According to a second aspect of the present invention there is
pressure devel opi ng apparatus for use in developing inmages int
area of a photosensitive imagi ng sheet containing mcrocapsul eg
apparatus conpri sing: a devel oper head conprising a pluralfitly of point
contact elenents, the point contact el enmenbs being biased intojcontact with

‘a surface of _the i nagi sheet ; drive nechani sm cou Ied-%e—%hgf, —
devel oper he&&™ guréglsg?’%tattz"% RE &‘e%?éﬁ%or?é’re LGk &oéé:ﬁq%hgqﬁﬂ%é’ 8%

i mgi ng sheek, u@i%orm pressure along a plurality of line# Cpaths.Tans for
establishing |ongitudinal novenent between the devel oper head and the

i magi ng sheet, wherei n the devel oper head oscillates across the

surface of the inmaging sheet and the point contact elenents apply uniform .
pressure along a plurality of paths across the surface of the imaging

sheet sufficient to rupturg,jhe AhekP¢aprsHhessl PhauBsLanhially the entire

i magi ng area, the pluralit poin ement s bei ng arranged

FIG. 1 is a top plan view of the tension arm developer

'apparatus of the present invention;

FIG. 2 is a cross-sectional side view of the tension

arm developer apparatus of the present invention;

'FIGS. 3-5 are cross-sectional views of illustrative
embodiments of point contact means which can be used in the

present invention;

FIGS. 6-8 are top plan views of the developer head
illustrating various configurations of the multiple point

contact elements;
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so that reach el ement provides a path which is parallel to an RE-L%QEN@%“TSHEET
off-set fromthe paths of adjacent el enents. Preferably, {the -
plurality of point contact elenents are agranged along. a |ingaf |3 @eaJUL 1998
Preferably, the plurality of point contact elenents are arrapg¢d along a
non-Ilineal |ine. Accordlno to a thlrd as-ect of the pr ¢sent
invention there i.s pr@8%f eere §—aPPS e L use in

devel opi ng inages in the lnage area of a photosen5|t|ve |nag|ng sheet
cont ai ni ng m crocap the.a ratus g an _arm whi h
oscil | ates across tﬁ%h§Ur}a%%d PE?he Fﬁéﬁ?ggagﬁegttOP plan, vigw
:osciIIatimgdﬂa&saanimma&ssiﬂe viuewaceespethévedwgi od smectembodimertearts

 for estabg peigied a0 fadbnal eﬂeas%llggggesgga&a% r%@ﬂ%&&ﬁ%% ’

. sheet ad posit hE SHAf ¢ of
'the devel dpaginmdshesrthet &onprrordgnge Wasadt tbne ipyiemt isont actheel enent

' the point jgnagtue! LHERMBLLBEs" 8Stbh8AbhYarm 16, a developer head 18
at the distal end of arm 16 containing a point contact element
36 which is in intimate contact with the surface 12 of the
exposed imaging sheet 14, a slot 20 at the pfoximal end of the
arm 16 f£0r engaging a pin 22 on cam 24, a motor M for rotating
the cam 24, and a vertical axle 26 about which arm 16 pivots
causihg the arm 16 to oscillate back and forth so that the

point contact element 36 provides a plurality of arcuate paths
across the upper surface

12 of an exposed imaging sheet 14. As the imaging sheet 14 is
moved longitudinally through the apparatus 10 by means of
driver rollers 28, the point contact element 36 moves across a
surface 12 of the exposed imaging sheet 14 in a plurality of
arcuate paths which traverse substantially the entire image
area of exposed imaging sheet 14. The microcapsules 58

are ruptured by préssure exerted-

on the exposed imaging sheet 14 by the point contact element
36 as the imaging sheet passes between the point contact
element 36 and the developer plate 30 causing the internal
phase to be image-wise released from the ruptured microcapsules where
it reacts with the déveloper material 56 to form a visible
image on the imaging sheet.

In accordance with one aspect of the invention,
tension is exerted on the surface 12 of the exposed imaging
sheet 14 by the point contact element 36 as a result of a
downwardly resilient spring tension or torgue in the tension
arm 16. In another aspect of the invention, the tension is
applied by a compression means illustrated in FIGS. 3 and S as
a compression spring member 32 piaced between the point




4D biased into contact wwth a surface of the i %E]lsng%%%g S B%Qle'ei n the
devel oper _head oscill ates_across the surface of {_the | Q she and_t he

at | east one point contact el ement applies uniformpressure along a

plurality otwoseridodec pat hs across the surface of the imgi nGecssdE00979
sufficient to rupture the mcrocapsules in substantially the entire inmage

ar ea,; wherein the nmeans for oscillating the armacross the surface of
the imagi ng sheet conprisgs._a cam Pref er abl the armis nounted on
a pivot neans perpendiCLﬁﬁﬂs'QY1ﬁ5§ §EWF&9@EBfAFﬁ@n¥ﬁE§ing sheet, the arm

including a slot at the proximal end thereof for engaging a pin on the cam
According to a fourth asmegaéghiﬁﬂidEbﬁsiﬂE TaveRti8R there is provided a
pressure devel opi ng apparatusS Tor us€ In :

The present invention relates generally to an
imaging system utilizing imaging sheets containing rupturable
photosensitive microcapsules and, more particularly, to a
tension arm developer apparatus for developing images in
contact with the imaging sheet by pressure development using a
point contact element in contact with the outer surface of the
imaging sheet.

U.S. Patent Nos. 4,399,209; 4,416,966; 4,440,846;
4,842,981; 4,865,943; and 4,766,050, all commonly assigned to
The Mead Corporation, describe an imaging system wherein a
photosensitive layer comprising microcapsules containing a
photosensitive composition in the internal} phase is image-wise
exposed to actinic radiation and subjected to a uniform
rupturing force whereupon the microcapsules rupture and image-
wise release the internal phase which reacts with a developer
material to produce an image therein. The imaging system is
particularly advantageous because it is a totally dry system
and does not rely upon the application of wet development
processing solutions to produce the image. An image forming .
chromogenic material, such as a substantially colorless color
former, is typically associated with the microcapsules. When
the microcapsules rupture, the color former image-wise reacts
with a developer material and produces a color image. In the
embodiments described in the referenced patents, the
microcapsules are typically ruptured by passing image-wise
exposed imaging sheets through the nip between a pair of
calendar rollers.

While heavy pressure is not required to rupture the
microcapsules, high pressure and large calender rollers are
normally used to develop the imaging sheets. Even.carefuliy
machired metal calender rollers have uneven surfaces. If one
roller is simply rested upon another, the surfaces of the
rollers are not in contact over the entire length of the

—
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devel oping i mages in the image area of a phot osensi tive ineging sheet

eontai ning m crocapsul es,_the apparatus coaprising: —ah-arm whi ch
oscillates across the surface of the inaging sheet; means for
oscillating thwo®6mio8er oss the surface of the irragi ng sheet; PCT/US96140ATSS
for establishing | ongitudinal novenent between the arm and the inmaging
sheet; and a devel oper head positioned along the shaft of the arm the

devel oper ri her t,on t t, the
boi nt bont act o SFANT L LAY pBbsslifl 8 End bl 1 GEY) Hile SRVEN, (10
of the inmgi P¥rErees onmrupgare HéersVéPBbEieﬁeiﬁe oé%‘ﬂq’?fsh% WH"0&S t he

surface of provide a uniform contact line between%é heo1 Y .Ng Thizeaigand

t he at Ieast one..po nt.act elene t u |for ressure al ong a
plurality of PRFT 'g’fé r{“f 5 5+ES Eﬁgf a%ffe J :pﬁeggl ng Frdh&&
sufficient tachiene & eamifonmm sh@(ca‘pbm:egnu af sﬂb%tmtnazriry.; tieroest iacyoss

| magi Ng ar eaghe surfdt®e EFVHHSmal @sagt BREREs i sPPSEk taphd-iiie Fdrebak gend

of the'arm o0 uns ASSYYIdIS A5 bk a8 RES0: 0] SIS B Gsih VALY,

and the tonal characteristics of the resulting images are not
good. ' _
" As the width of the imaging sheets and the
corresponding length of the calender rollers increases, the
diameter of the rollers must aiso be increased to maintain
sufficient stiffness such that pressure applied to the ends of
the rollers is distributed evenly along the entire expanse of
the rollers. As a general rule, the diameter of the rollers
must be doubled as the length of the rollers is doubled in
order to maintain sufficient stiffness. Thus, as the size of
the imaging sheets increases, the cost and size of effective .
pressure-type development apparatus becomes prohibitive. In
particular, while larger pressure rollers may be accommodated
in developlng apparatuses d351gned to develop relatively small
copies, e.g., 8-12 inches in w1dth, in certain applications,
such as color proofing, large copy widths sometimes in excess
of 36 inches are used. Thepe'copies are so large as to make
it impractical to develop them using pressure rollers.

An additional drawback of processing imaging sheets
by means of high pressure calender rollers is that some of the
midtone quality of the dévelcped images is lost. This is
apparently due to a loss of a differential microcapsule
rupture and is referred to as *midtone mottle”. Thus, a
number of difficulties have beenh encountered in designing
calender rollers for pressure dgvelopmenc of the
aforementioned imaging sheets,

. Alternate techniques for processing imaging sheets
without bulky, high pressure calender rollers are known in the
prior art. 1In commonly assigned U.S. Pat. No. 4,448,516, the
imaging sheets are passed over a developer roll having a
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there is provided a pressure devel opi ng apparatus for use in devel oping
I mges in the inage area of a photosensitive imging sheet containing

mTreTrocapsutEes, the onprisimy: = an arm wWhich oSCiTTates

across th rface of the imaging sheet; means for 759 t he
arn1acros§“f rface of the inaging'sheet; means fgéﬁﬁéé i shing
| ongi tudi nal novenent between the armand the inmaging sheet; and a

devel oper head positioned along the shaft of the arm the devel oper head
furt her fdbrpussongent shefate crampored cforinierwelvenenatutak @oi nt cont act

el ement mﬁﬁtﬁ&uiésﬂbéﬁé'é’rbfPé@ﬁolé“tﬂh(‘s‘%rife%Ct Whihaavevsbarer-gi1te i mging

sheet , erein the .devel oper head oscillates across the surface of the
i magi ngTORBERdaAR FAREATE |Wikh PRSI SRESEE EPeFEREUEDpHP®s uniform
pressur migroogpauptsran i the odhesstmiat e paths across the surface of the

aneFr oS, et ot PRSI G s 8, RSy inlt TRy e
shaft oPTPRESEIAYWHBASIRM { E}ﬁﬂ/é’fﬁa 15(9fl°tsﬁé &@véPB'B%‘P ﬁe%tﬂs’aﬂf% t he shaft
i's synctieni pad. iibh 4 /87&3i0 ) aindenfitled "Free Partibcle sAlskasiwd the at
| east OBgvgfbaﬁeggqcfﬁfméafﬂgﬂghéaﬂg'ﬁﬁiloylng Photosens1t1ve

Microcapsules, " whereln imaging sheets are contacted w1th a

bed of free particles such that the free part1c1es pass over

the microcapsules on the surface of the 1mag1ng sheets to

rupture the mlcrocapsules A third arrangement is disclosed

in U.S. Pat. No. 4,592}986, and entitled "Magnetic Brush

Abrasion Development of Imaging Sheets Employing

Photosensitive Microcapsules," wherein imaging sheets are

processed by contacting the imaging sheets with a traveling

pile formed by magnetically attractable free particles on a

magnetic brush.

Commonly assigned U.S. Pat. No. 4,648,699 describes
the development of an-iﬁaging'sheet ccntaining microcapsules
by moving a point contact which is resiliently biased into
engagement with the imaging sheet across the entire surface of
the sheet. Typically, the 1mag1ng sheet is secured to a
cylinder and a point contact is positioned in ‘resilient
pressure contact with the imaging sheet. As the cyllnder is
rotated, the point contact is s;multaneously moved along the
cylinder in synchronlsm with the rotation of the cylinder to
rupture the microcapsules and develop the image in the imaging
sheet or the imaging sheet may be mounted on a planer platform
and the point contact is moved across the surface of the sheet
using an X-Y transport device. Also disclosed is an apparatus
for developing a continuous web in which the point contact
traverses the surface of the web in a circular path

While these alternate processing arrangements each
offer attractive features and may be preferred for selected
applications, newer methods and devices which offer simpler



a uniformpressure along a plurali ty of |inear pat hs. THIS SHEET HAS BEEN
Br.ief Description of the-Draw-hgs FI G—+—s-a top p%—-em—i 'meﬁgpkﬁﬁgn
tensi on arm devel oper apparatus of the present invention; FIG 2 is

a ‘cross-secti onwo ssrdesdvi ew of the tension arm devel oper appar SRCEUSIFOMRR
pr-esent invention; FIGS. 3-5 are cross-sectional views of

Il lustrative enbodi nents of poi nt contact neans which can be used in the

present inven hgn, less % gur%’f‘ﬁq%s oQ-I agvgllgig@?gf l,;,;@l v&llég:@g

head il lustrating Vari OUR t he I'tTp p0| ht ~ cont act
el enent s; are desirabl
REPLACENENT SHEET Det ai | ed Description of the Invention

S _ of e Inv

The present invention:relates to a pressure
developer apparatus for'rupttring the microcapsules which form
a photosensitive layer on the aforementioned imaging sheets by
supporting an imaging sbeet to be processed, providing a .
developer head containing at least one point coritact element
on a torsion arm in resiliént gngagement with the imaging
sheet, and relatively oécillating the tension arm across the
imaging sheet causing the point contact element to apply a
uniform rupturing force to the imaging sheet thereby rupturing
the microcapsules and forming an image on a support which is
in intimate contact with the imaging sheet. The present
invention represents a signifiéant advancement'over the prior
art in general and over commonly assigned U.S. Pat. No.
4,648,699 in particular in that it is simpler and more cost
effective, and provides better registratioﬁ.

In one embocdiment of the present 1nventlon, a
tension arm developer apparatus oscillates around a flxed
point to provide a plurality of arcuate paths, and the exposed
imaging system is moved aldng a longitudinal path
perpendicular to the arcuate paths of the oscillating tension
arm developer apparatus so that the point contact element is
resiliently biased into simultaneocus bi-directional engagement
with the surface of the imaging medium. ‘

In another embddiment, the exposed imaging sheet is
fixed in place and the tension arm developer apparatus is
transported along a longltudlnal path perpendlcular to the
arcuate paths formed by the oscillating tension arm developer
apparatus so that the point'contact elément is resiliently
biased into intimate contact.with the imaging sheet.

In another embo&iment of the invention, both the

exposed imaging sheet and the tension arm developer apparatus

-4-
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FIG 1 and FIG 2 illustrate a top plan view tJHI%SHEBE%&EE“b al side

vi ew, respectively, of one enbodi nent of the r eserRERLAREDoNn arm devel oper

appar atus 1or_devel oping an imagi Ng-sneer 14 i accordance wtn the — —
inventiogv J@ggﬁ pparatus 10 conprises a tension arm 16, a devel oper head 18-
at the dir d of arm 16 contai ning a point contact e?ﬁTfHﬁ’[ Pwhich is -
inintimate contact with the surface 12 of the exposed imaging sheet 14, a
slot 20 at the proximal end of the arm 16 for engaging a pin 22 on cam 24,
a not oard/ fixed cimtplard end ahe2 devaldparVhRead Cos rﬁ%lvﬁcl%ﬁ afldyeehi ch arm

16 piveisngattsd "Ehd fie ﬁ?ﬁﬁ q_ﬁcF%ng?Qfggda'th ortbpu_ip hat t he point

contact e|le nt 36 prqvi ura ar cua NS HEGSS the upper
sur f ac®sqsl qxﬁhﬁoné}@ﬁeE?llﬂ coptagh e tTlglssheet 14 is

rmved fes@ietmmlbi;aad& duglo tlhelﬁaﬁar abhitad® WytHEaHS 1QJazg€1rﬂTg\/ 4 rollers
e

|mag| nh&l eet ]%gq:lt %iburapl% ?Réféﬁ‘g%%%ﬁéesﬁr“gﬁieﬂ%v\?e%@ exposed
subst drit¢ Fh3f |aé?mi r#ﬁgé aﬁeapsﬂ BIPRRERY rtid rends lofeteath. The

m cr ocwasinImliﬂ: &ce thapt uheddeyemégéf Uh&ad® XeFdFk-<Uk tc@ﬁe S¥ g,-’iﬁg i magi ng

sheet y t t, | enent 36 a t he 1 mag shee sses
bet vvees’r%ﬁet%e aplg’?l cgnt%%g g ﬁg ?rg%aﬁ?lop? r%‘p gevsment 95 causing the
i nt er ridie sieved operh deiadagoywbe esynthrorizéd o ttmatr upteu desrelbpepcapsul es

wher e Head QLS iliould 1y e rdouebenctndel fld flg 5&4& for g 1Y1&~§;LQL§ i mage on
the i sheet In: accor&é\ce ne _.aspect 0 e

i nven[ﬂla%n 8% PAlhes VBLEH: BHe RETREPUFY L% tPZ tlh"é‘gé%b‘@égﬁll nmagi ng

sheet aJ!fd-Soybft hdepdmagiogneheetel enent 36 as a resul t of a dovvnvvardl y
resilient springnt %E%l@”aﬁ&th&f%&d&rﬁé’rﬁ: t:ﬁin%' %E 6. In anot her
c}l1 a corrpre

aspect, of the invention, the fension s app ssion means
i |1 ustPYEBE1rR FF%S tsnaﬁan5e=a§1%1ﬁﬁrd%§§1%rpomq f§nRerberlenent aced

bet we@ostiidopedntin the developer head on the osc111at1ng tension
arm is provided by a pressure means such as compressed air or
a compression sprlng positioned so as to apply pressure on the
point contact ‘element along the osc1llat1ng paths.
" In yet another embodlment the unlform pressure is
provided by the res111ent spring ten51on or torque provided by
a flexible tens;on arm.

Other advantages of the 1nventlon w1ll be apparent
from the follow:.ng descrlptlon, the accompanylng drawings and
the appended claims. ;

FIG. 1 is a top plan view of the ten51on arm
developer apparatus of the present 1nventlon. _

FIG. 2 is a cross -sectional 51de v1ew of the tens:on
arm developer apparatus of the present invention;

FIGS 3-5 are cross sectlonal views of illustrative
embodiments of p01nt contact means whlch can be used in the

present invention;
FIGS. 6-8 are top plan views of the developer head

illustrating various configurations of the multiple point

contact elements;
This Sheet Has Been Ileﬁaced

L




WD 96/ 24089 | PCT/ USOq)/ 1§18 TSHEETCitAS BEEN
el.ement 36 and the support—aeaber 34 for: t he-—peindt contac LAGED
FIG 3 shows in a cross-sectional illustration, the enbod ' '

pressure exertedvons/248 poi nt contact el ement 36 is provided byrernsssoosro
conpression spring nenber 32 positioned in a sleeve 38. The point contact
element 36 is retained in a socket 40 of support nenber 34. The support
menber 34 is slidingly retained in sleeve 38 by a.retaining neans 42 on

sl eeve 38 which fits into inset_44 so that the support 34 can rmove in a
vertical direction and sprPebibedRescrintions ol sp8 Invantione resiliently
bi ased in a downwardly direction fron1arn116 I n anot her

enbodi ment of the inven p S n_t face of th
exposed i magi ng sheet 1§&§y %héS%oF%§ g%;qﬁﬁﬁ%n Q%B §é a r%gﬁl?n f2
resilient sprFﬁ@sﬁeﬁ§F§h°§ﬁltéiéGeV4¢W61EQSBGQﬂN¥3i§hsP@noaﬁnﬁmbpdlmhm% of

embodi ment wheme b&esaheswﬁsmﬁ SFR VAl dpera afﬂp@ﬁalQIuQ b abhie1881ed oRer

head 18 b I d t t 16 t
34 rotaine a PORIPUORPERE B oRB PoaRARes MR ity SOERERoR0 abhe o o

il lustrated i *RpPRECAtns $Dncbaprna@ntargﬁnsmqa|§§@dlﬁn badepelapepehsad X8
addi tional pregskhe B3s€8si 6Rd of &ﬂm@%%mﬁhgna %merceﬁtseeméféﬁ&&

air can be exerte o] oi pt contact el enent own 1 n Fl 31n
conj uncti on mﬁ gﬁgngngBIg“?éﬂ%??nF?ﬁqﬂCt With the é%ﬁ%?ﬁ?l&zapﬁr%g%ure
| oad to be apekpegetioithgipgi sheeriécta adlete20 a6 thedppordmal emdrobdHaite
the type of s t hat p ols elepept..3 | Soich

upon the di aneutgglr 28 Eoﬁ eﬁ%ﬁ%ﬁgoén{gg? Ttorp(rﬁ%gghi'téefﬁ?%rlﬁ lf"lgié een 9

found that a ﬁP€s§BWe2Foagn€fa UpeT ol G A* e 36uABOUSHWRAEhBIAL 1€ IPHYRES i s
sufficient toceasipgothetaemplésemtoscillate back and forth so that the

point contact element 36 provides a plurality of arcuate paths

as designated by the two headed arrow across the upper surface
12 of an exposed imaging sheet 14. As the imaging sheet 14 is
moved longitudinally through the apparatus 10 by means of
driver rollers 28, the point contact elemept 36 moves across a
surface 12 of the exposed imaging sheet 14 in a plurality of
arcuate paths which traverse substantially the entire image
area of exposed imaging sheet 14. The microcapsules 58 (FIGS.
9A-9C, 10A-10C and 11A-11B) are ruptured by pressure exerted
on the exposed imaging sheet 14 by the poiht contact element
36 as the imaging sheet passes between the point contact
element 36 and the developer plate 30 causing the internal
phase 60 to be released from the ruptured microcapsules where
it reacts with the developer material 56 to form a visible
image 66.

In accordance with'one aspect of the invention,
tension is exerted on the surface 12 of the exposed imaging
sheet 14 by the point contact element 36 as a result of a
downwardly resilient sﬁring tension or torque in the tension
arm 16. In another aspect of the invention, the tension is
applied by a compression means illustrated in FIGS. 3 and 5 as
a compression spring member 32 placed between the point

This Sheet Has Been Reilaced -6~




I nvention and a |oad of about 1 to 1.6 pounds is'preferred I f the dianmeter
of the point contact element 36 is 1/4 inch and the substrate is a

potyester fTim—+tf the dirameter of the point contact etement—36 T35 about -
1/8 inch _and the substrate is a polyester film it is believed that the

pressure WB2¢24®I d decrease to about 0.5 pounds. PCT/US9
-7- WO 96/ 24089
PCT/ US96/ 00979 While the rotating ball point contact such as

i |1 ust resmchcitn eefd@nt3364andnthéd suppdrehtinig Bar fesecha pbenpr esent

i nvent i 22cSQhkflefleVi ce having a non-rotatable tip may be enpl oyed.
Furthernore, 1t IS mﬁthln t he, scope of the present _invention to use
mul tiple rotatabF&Ser3 nBROYSt i | FFqRA Wectdmnadt 1dlumtrasieasi thent |y
bi ased embodimentacheveih the predante exdritedevpotad pamﬁtneoﬁbeeé to

provid p t f f th heet particularly
prefer(r:e(:al egﬁ%oggng%tg%ﬂﬁgésq#% d%%d) %clo%r?t ag? %pensm‘"grasé arranged so
that eROFitienedt ipravFieave :b%a h 'Wﬁ @eint songprcs| elemant 36igaitly of f - set
fromt hetpihbd 9h adsocksd &0 S Hhippdrit embed' laangemqgt su pSrpat hs overl ap

to proyi ch_br er e .for each osci | e el enent.
FIG 6 |%§ust tég ?ﬁ %ﬁ$§%1 %%ﬁﬁp ﬁ&FFEEIEgoFHt cBﬁF%t?1@$enents 36
i n whi Bisansc42| onesleews %ﬂ(ﬂhﬂQHyﬁats nnad ineet ##ngodGhahicheis slightly

obl i queuﬁpbbtrsxipeaﬁ héve N | 2RI il eléﬁceiohhsndegﬁém&f mél@gd 18. 10

FI GS. an
2 causes support 34 to be resiliently blased 1n a downwardly

direction from arm 16.

In another embodlment of the 1nvent10n, pressure is
exerted on the surface of the exposed 1mag1ng sheet 14 by the
point contact element 36 as a result of re8111ent sprlng
tension or torque in a flexlble tenszon arm. In this
embodiment where the pressure is prov1ded by a flexible arm;
the developer head 18 may be a slmple hou51ng connected to the
arm 16 wherein the support 34 retains a point contact element
36 in a receiving socket 40 as 1llustrated in FIG. 4. Similar
mountings are used in ballpoint pens. If additional pressure
is desired, a compression spring member or compressed air can
be exerted upon the point contact element 36 as shown in FIG.

3 in conjunctlon with the flex1ble tension arm.

Generally a pressure load to be applied to the point
contact element 36 is dependent upon both the type of
substrate upon which the poznt contact element 36 rolls and
upon the diameter of the polnt contact element 36 ltself. It
has been found that a pressure load of up to about 3 pounds on
the point contact is sufficient to carry out the present
invention and a load of about 1l tol.é6 pounds is preferred if
the dlameter of the point contact element 36 is 1/4 inch and
the substrate is a polyester film. If the diameter of the
point contact element 36 is about 1/8 inch and the substrate
is a polyester £ilm, it is believed that the pressure load
would decrease to about 0.5 pounds.

S
wn



8, the arrangenent of point contact elenents 36 is illustrated by
non-linear |ines 48 whi.ch—are—arranged in zigzag—eonfiguratiens al ong the

| ateral axis 48 and the |ongitudinal axi's 50 of the devel oper head 16,
réspectively. Omo=as/2¢080f i gurati ons are possi bl e such as a cir cURCAVUS96/00979
arrangenment of the point contact elenments with respect to the applicator
head. The point contact elenment which is preferred in the present

invention is a bearing Qﬁ%$é|£h¥W¥6ﬁh€£H§“H§iif %ﬁh¥ Eﬂnﬁeéec§ﬁ¥ﬁr§5500ket

40 where it provides a sultigl entagressure to u % m_crocapsul es |n
the i magi ng sHéetSt¥RECHOrRI FIGHt att 4 &fche |a§errRéT§ FFERA aFSF HaFY Hat'dls a
such as rret aI presgntstiaeentbonssa silid devirce haylingokenoharovetathle tip

pol yner, yHgM{J hxsg@a' enﬁzré}m&r&c!}%"ﬁemp%gmweéys Qﬁ]e%ﬂés

have been ach| e oi nt contact. el enent na rass. S| ze
of the point PZRESBE éméﬁﬁﬁ on st dise Myltdple Fakdtable| or BRn ERtATARAR
that a prefer pedntasgatattt éretaits e Mimntd yobiksedetntabeott d¢t33vitich

and 1/2 inch Wil gubhgcavsk Ph8" Shibd! MRSl Shebbochabloyeoul chbe bt

1/8 inc
PCT/ US96/ 0097paths across the syrfaqs cfothed shesset 30 anRarhiemiamhy the

“spherical poi &-eﬁaafaateﬁb@mm,s ﬁ‘He?eam;mTeabema BNt aét I ELdmérit M N
t he socket. wever . as Eﬂlustr in Fl G
arranged so cadh & ement provides a path which is
parallel to and slightly off-set from the paths of adjacent

elements. In this arrangement, the paths overlap to provide a

much broader stripe for each oscillation of the element.

FIG. 6 illustrates the arrangement of spherical
 point contact elements 36 in which the elements 36 are aligned
in a linear line 46 which is slightly obligue with respect to
the lateral axis 48 of the developer head 18. In FIGS. 7 and
8, the arrangement of point contact elements 36 is illustrated

by non-linear lines 48 which are arranged in zigzag
configurations along the lateral axis 48 and thé longitudinal
axis 50 of the developer head 16, respectively. Other
configurations are possible such as a circular arrangement of
the point contact elements with respect to the applicator
head.

The point contact element which is preferred in the
present invention is a bearing or ball which rotates freely in
a receiving socket 40 where it provides a sufficient pressure
to rupture the microcapsules in the imaging sheet. The point
contact element is made ffom'any’hard material such as metal,
e.g. steel, brass, etc.; ultra high molecular weight polymer,
e.g., UHMW polyethylene; and'the like. Particularly good
results have been achleved u51ng a p01nt contact element made
of brass. The size of the po;nt contact element ls not
critical; however, it has been found that a preferred range of
the ball size would be between about 1/32 inch and 1/2 inch
while the most preferred diameter of the ball would be about
1/8 inch. '



7, the spherical point contact elenent 36 is supported on an axle 52 and
Is therefore limted to either forward or backward rotation. For the

“puUrpoSE Of fitustration,_ the pressure —exerted T Fl G5 TS5 Dy a spring
nmenber, but such pressure could be provided by a pneumatic pressure system’
usi ng ai VOW248c pressurizing agent, or the pressure neDCHESSO87Pded by
spring tension or torque such as that resulting froma flexible arm

In order for the devel oper apparatus 10 to be resiliently biased into

si mul t aneous bi il g1ee th e Firreag agpeBet OB EHet{h?xrrléﬁlEi&?e e thhe eXpOfﬁd
i magi ar er_the im sheet or the
devgl %% épf@h é#iudsélér%%g:%l%% dfél‘"gl na¥sdfféﬁt{% %%%re%?’r’hgﬁ‘&y per pendi cul ar
to th@1€%%§4¢QuW¥ﬁhkﬁ qnﬁaap@%gF@n Heveven, aa%rtikus&xhqadnxﬁrﬁﬂa” it is the
exposed tmgsr.:&aezsﬁtsat pbin\&hbt@hthéttéﬁézﬁ&@étféibiél f&l@t 3 ?n\ngcP E)Eeof he
resen nt.i i.rec ve el n e di i _
grrow ’té]é S $r‘?‘ﬁzl%erff°r?h 18%%8@% %ﬁ'&? rdl@q Packyaddacr oss a
develtﬁp‘@t-‘mr&t e F3r Ihher pulrprseoaf etlliust rati@s, tm pressa@osed i magi ng
Shee'[e:aé'rdé“d tfxﬁmr tsetisbswse i»bﬁgsrmﬁséfa'b&o'élh gl ement 36 and

t he dev % t he ten5|09 arml16 1S oscl transversely by

t he r%?@[‘fﬁ’ge é’%‘ﬁvﬁ'%e P¥e 3 BREHBAL 10 PEERSWT R AW FB’(ﬁJ-ﬁ‘B @d#t 86t el ement

36 adthss preistsugri zting agpnt;urbnceherpMSmre Mmayf &Ieepﬁovhla%debposed i magi ng

sheetgghd fff IR Q,rres_gg esgﬁé,?ea% Qg thes paty gg té’ LAyel which causes
e | mage corréespondi

devel gpnment, of a smal tron o ng to the pressure
stripge® &rfam contl nues revol ving, the tension arm 16 is noved in the

opposi te di r ectfnopriesdfornghe @evskoper Hpparaniiy alo Q\beblaaps the previous

SUIi Reg Al %frﬁ:ggb LXaBEéﬁa?f}Eé &Pmli e"/g@}lﬁ%%tre%r ?Lﬁ:gl%g égaégﬁ bxgg E’;lt 28(;/00

The expose 4 can e noved across
cont i"Htdushe éPr FCSaﬁf behevsxRPsed simagima shestendst d sunecessazyentire

exposed movegieighebeehei SmagyRy flesbt or the developer apparatus in - 9-
a longitudinal direction essentially perpendicﬁlar to the

oscillation of the tension arm. In a preferred embodiment, it
is the exposed imaging sheet 14 which is transported in
accordance with the present invention, the direction of
movement being in the direction of the arrow as shown in FIG.
1. The exposed imagiﬁg sheet 14_iS'ﬁoﬁed across a developer
plate 30 by rubber coated rollers 28. As the exposed imaging
sheet 14 is transported between the spherical point contact
element 36 and the developer plate 30, the tension arm 16 is
oscillated transversely by the rotating cam 24. The movement
of the spherical point contact element 36 across either the
top surface or bottom surface of the exposed imaging sheet 14
creates a pressure stripe along the path of travel which
causes development of a small section of the 1mage
correspondlng to the pressure stripe. As the cam continues
revolving, the tension arm 16 is moved in the opp051te
direction producing a pressure strlpe which overlaps the
prev1ous stripe, preferably by about 10 to 30% and most
preferably by about 18%. The exposed imaging sheet 14 can be
moved across the developer plate 30 contlnuously or it can be.
moved in specific increments until the entire exposed imaging
sheet is developed.
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The i magi ng sheet descri-bee—apeve has been characterized as—am exposed

i magi ng sheet and it typically would be enployed as such, however, the use
of an exposed. WOSWMIsheet is not necessary in the practice oPCHHES600879

I nventi on. While a variety of enbodi ments have been di scl osed for
perform ng point contact devel opnent, many other arrangenents will be

apparent to those ski '111-Fed 'rd&g%ﬁ% ahteeefaééc@lﬁéa/l%m Hdie velagve
di scl osure. Havi n eScri b ejrn/%gron i n, det

ref erence t0F§ﬁ¥QQQQ§&PQQﬂ55UPﬁeﬁF§°Fﬁ ré@ﬁgl?? qqt \@nd, EFPCFﬂ&
nmodi fi cati oneowlldl bearemptlioyresi ase spohsi howevexr hdthe degearaf ragi fexpesede scope

of ‘the Inveniifffdiied 143 hRe ABBEREREY CIAIthe practice offfide IS claimed
> invention. | |

While a variety of embodiments have been disclosed
for performing point contact development, many other |
arrangements will be apparent to those skilled in the art
after a review of the above disclosure.

Having described the invention in detail and by
reference to preferred embodiments thereof, it will be
apparent that modifications and variations are possible
without departing from the scope of the invention defined in
the appended claims. |

What is claimed is:

-10-



-10- WO 96/ 24089 PCT/ US96/ 00979 1. A pressure
devel opi ng appar atus for—use i1 developing inmages in the image area of a
TPHOTOSENSTTI Ve Tmaging mmﬂ |||m“|ﬂﬂ|i"rﬂ| m crocapsul es;” sar d appar at us

| .
conpris Qﬂﬂ9&&ﬂﬂ9 PCT/US96/00979

1. A pressure developing apparatus for use in _
developing images in the image area of a photosensitive
imaging sheet containing microcapsules, ‘said apparatus
comprising: ' '

a developer head comprising at least one point
contact element, said point contract element being biased into
contact with a surface of said 1mag1ng sheet; o

a drive mechanlsm coupled to sa1d developer head to
oscillate said developer head across the surface of said
imaging sheet, and '

means for establlshlng longltudlnal movement between
said developer head and said imaging sheet,

wherein said developer head oscillates across the
surface of said imaging sheet and said at least one point
contact element applies uniform pressure along a piurality of
paths across the surface of said imaging sheet sufficient to
rupture said microcapsules in substantially the entire image
area,

said at least one point contact element being a
spherical element having a diameter of about 1/32 inch to
about 1/2 inch, and said uniform pressure corresponding to a
load of about 0.5 to 3 pounds.

AY

2. The apparatus of claim 1 wherein said drive
mechanism includes an arm and means for oscillating said arm
across the surface of said imaging sheet.

3. The apparatus of claim 2 wherein said developer head
is positioned along said arm.

4, The apparatus of claim 2 wherein said means for
oscillating said arm causes pivotal movement of said arm and
arcuate movement of said developer head.

5. The apparatus of claim 1 wherein said spherical
element is mounted for rotation in an appropriate receiving

socket located in said developer head, whereby point contact
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a devel oper head conprising at |east one EOI nt contact elenent, said point

contract el enent being bl_asecumnmmﬂllﬁu h—a—sur f ace-ef—sai d i nagi ng
sheet ; a drive nmech sai d developer head to

~osci l |ate said wovehaper head hcrloss the Surface of ‘said i magi RETANLE079and
" means for establishing |ongitudinal novement between said devel oper head
~and said i magi ng sheet, wherein said devel oper head oscillates

across the surfac f sai. h . [ okQt
contact el efEht™app Yess‘-’ld"nl fsgﬁgwgg Efém 24 £ Ialf?r‘4 %%%“@?ﬁﬁgt Egagcr 0SS
the surface sgckeat cﬁﬂd’rﬁ?gﬁ%gtbﬁeéﬂrgéﬁﬁ%f eﬁﬂl‘go“ﬁﬁit‘ﬁ &h€8ty i crocapsul es

I n substantially the entire inmage area said at | east one point

contact el enent bei ng 4, SUgei-aal L nENL Ry e i URLLlepaL RGN 1732

inch to abo 1/2 inc orm pressure corresponding to a |oad
of about 0.lementpdnris diameter of TRkowWHpR/&IRCIHf claim 1 wherein said
drive nmechani smincludes an arm and neans for oscillating said arm across
the surface of said i

i n The. appar at. Im 2
wher ei n sai d devel oper 5§9P§a§8§| ??oﬁﬁi"'&l% et frarﬁlés u% 120 The
appar at us ofpressurne admespondai Honeabead opf o@hﬁi’uﬂ d ity Is&i poandscabses
pi vot al nnvqﬁﬁﬂiég;rﬁaugn%rghand arcuate novenent of said devel oper head.
S. The apparatus of claim1 wherein said spherical elenment is nmounted
for rotation in an appropriate receiving socket |ocated in said devel oper
head, wherelg. poi nt caheaapparatus of claim 2 wherein said arfilis mounted .

with respect to said imaging sheet such that there is
downwardly acting tension in the arm which resiliently biases
said point contact elenient into continuous engagement with the
top surface of said imaging sheet.

9. The apparatus of claim 1 wherein said developer head
further comprises a pressure means whlch acts on said point
contact element and resiliently biases said point contact
element into continuocus engagement with the surface of said
imaging sheet. |

10. The apparatus of claim 9 wherein said pressure means
comprises a compression spring.

1. The apparatus of c1a1m 9 whereln said pressure means
comprises a source of air pressure.

12. The apparatus of claim 1 wherein said contact point
element is connected to said developer head on an axle.

13.. The apparatus of claim 1 wherein said imaging sheet
is moved intermittently at the end of each oscillation of said
developer head along a linear ‘longitudinal path perpendicular
to the paths formed by said point contact element so that said
point contact element is resiliently biased into simultaneous
bi-directionél engagement with the surface of said imaging

-12-



i s made by said_spheriQﬂL.QLEHEE%_EE_%E_&gtates within said socket and over

the surface of said i mging shee The apparatus of claiml T
—wherermsato—spheri cat™ Immwmm’ of about™I78 1 nch. 7T

The app claim g Jﬂror m pressure ,ﬁé@@&q to a

| oad of h@&*@“ﬁgto 1.6 pounds 6n %ai n ?ﬁi ihe

t contact.

apparatus of claim2 wherein said armis nounted with respect to said

i magi ng sheet such that there is downwardly acting tension in the arm which
resi | $heet Wwhsresios weifbrpoipressureass appheed ftotsubshrnviadldy ébgagenent
with &ivei tOninflyfd axapf said imaging sheet. 9. The appar at us of
claim1l wherein said devel oper head further conprises a pressure neans
which acts on said point contact elenment and resiliently biases said point
cont a4 . el enentThentappaoatiusu ofis cdajmgtiewhendim sa1ied patfhace of sal d i magi ng

sheetoyverlap.

15. A pressure developing apparatus for use in
developing images in the image area of a photOSensitive
imaging sheet containing microcapsules, said appafetus
compr;sxng

a developer ‘head comprising a plurallty of p01nt
contact elements, said point contact elements being blased
into contact with a surface of said imaging sheet;

a drive mechanism coupled to said developer head to
oscillate said developer head across the surface of said
imaging sheet; and

means for establishing longitudinal movement between
said developer head and said imaging sheet, )

wherein said developer head oscillates aeross the
surface of said imaging sheet and said point contact elements
apply uniform pressure along a plurality of paths across the
surface of said imaging sheet sufficient to rupture said
microcapsules in substantially the entire imaging area,

said plurality of point contact elements being
arranged so that each element provides a path which is
parallel to and slightly off-set from the paths of adjacent

elements.

16. The apparatus of claim 15 wherein said plurality of
point contact elements are arranged along a linear line.

17. The apparatus of claim 15 wherein said plurelity of
point contact elements are arranged along a non-lineal line

18. A pressure developing apparatus for use in
developing images in the image area of a photosensitive
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10. ~ The apparatus of claim9 wherein said pressure means conprises a
canpr essi on spring. 11— The apparatus of—claim9 whrereirn said

pressure means conprises a so : re. 12. The
apparatus of clwome/adosther ei n mmmnumt"ﬂlﬂma enent is conREEUSH00Y
~said devel oper head on an axle* €13- " The apparatus of claim1
“wherein said i maging sheet is noved intermttently at the end of each
osci| | ati on Gfac3diqfl SHELE! BBAEaIARAG ShHbRIIAY, 5l bigapatualh
perpendi cul ar to the paths tTormed Dy said point contact elenment so that
sai d point GARPFS&Pénment is resiliently biased into sinultaneous
bi -directional engageamntrmi whitheosci¥latesfacygisd ithegesngface of said
-12- W0 9624089 R PCT/ US96/ 00979 sheet

wherein L”ﬂf%ﬁﬁ%lp essure’is _applied o substanfially the entire i e ea.
14. The apparatu@eBPscﬁSFn?igl%iﬁﬁ¥991%ﬂﬁ aﬂgtﬁgross Bhe' Surf2€ $

said imaging sheet, |

means for establiéhing'léhgitudinal movement between
said arm and said imaging gheet; and

a developer head positioned along the shaft of said
arm, said developer head further comprising at least one point
contact element, said point contact element being resiliently
biased into contact with a sufface of said imaging sheet,
wherein said developer head'oscillatés across the surface of
said imaging sheet and said at least one point contact element
applies uniform pressure along a plurality of arcuate paths
across the surface of said imaging sheet sufficient to rupture
said microcapsules in substantially the entire image area;

wherein said means for oscillating said arm across
the surface of said imaging'sheet comprises a cam.

19. The apparatus of claim 18 wherein said arm is
mounted on a pivot means perpendicular to the surface of said
imaging sheet, said arm including a slot at the proxiwal end
thereof for engaging a'pin'on said cam.

20. A pressure d9veloping apparatus for use in
developing imagées in the image area of a photosensitive
imaging sheet containing mictbcapsules, said apparatus
comprising: o |
~ an arm which oscillates across the surface of said
imaging sheet; |

means for oscillating said arm across the surface of
said imaging sheet; .

| means for establishing longitudinal movement between

said arm and said imaging sheet; and

a developer head positioned along the shaft of said
arm, said developer head further comprising at least one point

-14-



over | ap. 15. Arp%essure‘6§V€T65Tﬁg apparatus for use in devel opi ng

i mages in the i mage ar |t|ve i magi ng sheet containing
‘ﬂTCTUCHpSUTES‘—sald apFE“ - a devel opér head
conpri sin a rallty p0|nt moﬁtaét elenents sai d point contact

el enent s |ased into contact with a surface of sar ﬁmﬂﬁﬂﬂWﬁB sheet ;
a drive nechanlsn1coupled to sai d devel oper head to oscillate said

devel oper head across the surface of said inmaging sheet; and .
nmeansohtiaces edbheshj ngaid mpintdicoaitaony edenenbebetrg sasil temelywper head

and %ﬁhgeﬁnaﬂt?gc896§$t wlth surf&&%f%t”saghdlﬂg¥§£§p§ﬁe§€ad oscillates

across the surface of_said |Q§P|ng heet” and sal g nt contact elenents
applymGﬁFFSrﬁPﬁﬁeggﬁ?%PQ&¥) sGidilatesopcragfsther BesfaeR Afirf ace of
sai d safdgiimggihgesheet famd esdtid aur Uplaste onei goiher ccmpscltt 6Sl grient

subs 5| y of point
cont %@p& erréﬂ%’ggﬁg%gés}rdréggegﬁga %lturg%%ﬁye?grr%ﬁ 9?)?%\%%1’%4 a path which
i s pacgPeel the awafass f |5l Amaging: shrehespafhSient Jep deuphuxd enents.
16. said mheropapsales f subdtantiadhgr ehe eatire! neginy Hfehoi Nt contact

el ements are aLlAAel @l . Hddd B ob! Biapasdd: coyara Wi PARALUS O

claim15 wherern sard act el anged
al ongnd ﬁénsﬂiﬂeérmllne 18. A pressure developlng apparatus for use
in devel oping images in the inmage area of a photosensitive

21. . A pressure developing apparatus fbr use in
developing images in the image erea of a phétosensitive
imaging sheet contalnlng mlcrocapsules, said apparatus'
comprising: B

an arm which oscillates_acfoss the surface of said
imaging sheet; | S

means for oscillating said arm across the surface of
said imaging sheet; ' o | ' _

means for’establiéhing longitﬁdinal movement between
said arm and said imaging sheet; and

~ a developer head posztloned along ‘the shaft of said

arm, said developer head further comprlslng at least one point
contact element, said point contact element being reslllently
biased into contact with a surface of said imaging sheet,
wherein said developer head oscillates across the surface of
said imaging sheet and said at least one point cdntect'element
applies uniform pressure along a plurallty of arcuate paths
across the surface of said imaging sheet sufficient to rupture
said microcapsules in substantially the entire image area,
said developer head being movably emplqyed along the shaft of
said arm wherein the movement of said developer head along |
said shaft is synchronized with the oscillation of said arm
such that said at least one point contact element applles a
uniform pressure along a plurality of linear paths.
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-13- WD 96/ 24089 PCT/ US96/ 00979 I magi ng
She&L4¥¥H4H4#4ﬁkﬂl€rOG&p&H&E%—SaId—aﬁﬁaFatuSﬁﬁﬁﬁﬁ+€+ﬁg————-————“an—arm
whi ch oscill ates across the surface of said imagi ng sheet; nmeans
for oscill aW®es/24089d ar m across the surface of said |nag|ngP§W@S¥mm9”

neans for establishing |ongitudinal novenent between said arm and said

i magi ng sheet; and a devel oper ‘head positioned along the shaft of
said arm said devel oper head further conprising at |east one point contact
‘el ement, said point contact elenment being resiliently biased into contact
with a surface of said i magi ng sheet, wherein said devel oper head
oscillates across the surface of said_ijjagi ng sheet and said at | east one
poi nt contact el enment applies unifornﬂﬁggssure along a plurality of arcuate
. paths across the surface of said inmagi ng sheet sufficient to rupture said

- m crocapsules in substantially the entire image area,; wherein
said neans for OSC|IIat|ng said ar s,the surface of said i magi ng
~sheet conprises a cam ?hg Z§ atus of claim 18 wherein said

armis nounted on a pivot neans per pendi cular to the surface of said
i magi ng sheet, said armincluding a slot at the proximl end thereof for
engagi ng a pin on sai'd cam
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20. A pressure devel opi ng apparatus for use in devel oping images in

the imrge area of a photaosensitive inmaging sheet—contai-Ri-Rg—H-e+ocapstes—-

sai d apparatus conpri sing: ' an arm whi ch oscillates across the
surface of owOdén4e8%i ng sheet; means for oscill at iRETUSS6RP9H m
across the surface of said i mgi ng sheet; means for establishing

| ongi tudi nal novenent between said arm and said i magi ng sheet; and
a devel oper head positioned along the shaft of said arm said devel oper
head further conprising at | east one point
-14- WO 96/ 24089
PCT/ US96/ 00979 contact el enent, said2 gint contact el enent being
resiliently biased into contact with a rface of said inaging sheet,
. wWherein said devel oper head oscill ates across the surface of said inmaging
. sheet and said at | east one point contact el enent applies uniform pressure
- along a plurality of arcuate paths across the surface of said inmaging sheet
~sufficient to rupture said mcrocapsules in substantially the entire

| magi ng area, sai d devel oper head bei ng di sposed toward the
di stal end of said arm
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21. A pressure devel opi ng apparatus for use in devel oping images in

the_imageareaof - a photosensi-tive | maghhg—sheet -cont-ai ni ng—m-ereeapsttes;—

sal,d apparatus conpri sing: an arm whi ch oscillates across the
surface of swwolosrzame ng sheet; means for oscill ati PQI/EsI6HoSMOM
across the surface of said i mgi ng sheet; means for establishing

| ongi tudi nal novenent between said arm and said i magi ng sheet; and

a devel oper head positioned along the shaft of said arm said devel oper
head further conprising at | east one point contact elenent, said point
contact elenment being resiliently biased into contact with a surface of

sai d i magi ng sheet, wherein said devel @@ head oscillates across the
surface of said i mgi ng sheet and said at | east one point contact el enent
applies uniformpressure along a plurality of arcuate paths across the
surface of said imgi ng sheet suffici ture said mcrocapsules in
substantially the entire inage area, gc' woper head bei ng novably

enpl oyed along the shaft of said armwherein the m)v nt of said devel oper
head al ong said shaft 48 synchr %zed Wit~k oscf tion of said arm such
that said at | east one oi nt_coffyact el erient appli¢s a uniform pressure
along a plurality of neaﬁr pat hy.
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