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| NSTRUVENTS Twiom7i2easenti on rel ates to marking instruments, andPGRARIGINNBTNY
‘al though not necessarily exclusively witing instrunments, which termis
“intended 5 to enconpass board nmarkers and hi ghld ghters as well as
cdifferent types of reservoir pen. In WO 93/05966, there is described a
-mar ki ng instrunent. having a reservoir chanber for storing marking fluid, a
:feed channel for conducting fluid to a 10 - marking tip fromthe reservoir
:chanber, and a valve for controlling flow of fluid through the channel.

: The channel is defined through a feed device which carries the marking tip
-and is able to nove axially. The feed device includes adjacent to its inner
“end a radially 15 directed port, and an annul ar di aphragm surrounds the
feed device with its inner edge arranged to close the port to shut off

- communi cati on between the reservoir chanber and the feed channel. Wen the
marking tip is pressed against a surface, the feed device retracts 20
“causing the diaphragmto deflect so that the marking fluid in the reservoir
~chanber is pressurized and the inner edge of the. dlaphragn1llfts away from
the feed device to open the port and 3 : t he feed channel

and pass to the marking ti rkfﬁ fnstruneﬁt been found to
be e?fective in the 9 P Eﬁ ventQOn relatgs to mar gng

instruments, and:espegially although not necessarily
exclusively writing instruments, which term is intended

5 to encompass board markers and highlighters as well as
different types of reservoir pen.

In WO 93/05966, there is described a marking
instrument having a reservoir chamber for storing
marking fluid, a feed channel for conducting fluid to a

10 marking tip from the reservoir chamber, and a valve for
controlling flow of fluid through the channel. The
channel is defined through a feed device which carries
the marking tip and is able to move axially. The feed
device includes adjacent to its inner end a radially

15 directed port, and an annular diaphragm surrounds the
feed device with its inner edge arranged to close the
port to shut off communication between the reservoir
chamber and the feed channel. When the marking tip is
pressed against a surface, the feed device retracts

20 causing the diaphragm to deflect so that the marking
fluid in the reservoir chamber is pressurized and the
inner edge of the diaphragm lifts away from the feed

- device to open the port -and allow fluid to enter the
feed channel and pass to the marking tip. This marking

25 instrument has béen found to be effective in the
control and delivery of marking fluid. However, for
some applications the distance through which the feed
device must be displaced has been found undesirably
high and the resulting diaphragm deflection can cause



control and delivery of marking fluid. However, for sonme appliecations the
di st ance Wsﬁ H’Wm ch the feed device must be displ aced has been 8Iﬁ)und
undesi rab ?&8 and the resulting di aphragm defl ection cd
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fluid to be punped to the narklng tip by tﬁe pressure generat ed |n t he

- h t tq elim e, l,east
G Toviate this Sesafd £HEH (OES SAhA o 'S mlbiie i B
provi ded a mar aRpsyre denenatadpin sthe) zesexvoia|chagieher for marking

fluid, a channel for condpgd igyad@rii Hprddesich 4B t SN mber
for supply to a rkin 11]?’ Ig%d a valve for control%}?r%]'qsup y ‘of tluid

through the ch@heteag viate &hig, frawhagk agiceh wiitor t |
and a di aplg agmﬂa\dm@mq&dgﬁzéﬁ f@pﬁwﬁédﬂh \Mdz*k SfiruiEier (o

2t “wni oh the. ciesAERATE S, ISR i Ao Sa‘@ead Hbr Dot ng
movabl e to 15 cm&tfqm@qnmmmkmrﬁmd Hfroma | tihas n!ilé:td‘ui:sai d
free di aphragmcgignfiaae 4 E'd?ﬂ?l@"@’o fd WRSAIHE W4 Andh FHVe Fotolerr]
to 85 when theéﬁﬂéﬁ%liiéﬂ supply of £fluid through the channel, the
10 valve comprising a seat member with a port, and a
diaphragm having an edge for'cb-operation with the seat
member to close the port, and a free surface extending
from said edge to a position at which the diaphragm is
held against movement, the seat member being movable to
15 deflect the diaphragm for opening the valve, and the
said free'diephragm surface extends away from said edge
at an angle of 45° to 85° when the valve is closed.
The diaphragm could be a flap with a linear
"edge which co-operates with the valve seat, but in the
20 ' preferred comnstruction the diaphragm is annular and the
seat member is a core which extends through the central
aperture of the diaphragm and is guided to move axially
for opening and closing the valve.

The core which extends through the diaphragm

25 could be frusto-conical, but in the presently preferred
construction it is cylindrical with one or more radial
ports. h

The free surface of the diaphragm preferably

extends away from the edge at an angle in the range of
30 55° to 75°, and ideally at an angle of 60° to 70°.

With the diaphragm inclined in accordance
with the invention the displacement of the valve seat
member needed to open the valve can be substantially
‘reduced. Furthermore, the valve operation is less

35 sensitive to dimensional variations due to
manufacturing tolerances than a flat radial diaphragm.

A clear understanding of the invention will



. The dlaphragn1could be a flap with a linear edge which co-operates with the
‘val ve seat, bwmooteesshe 20 preferred construction the di aphr 2gmIUSS6/ta8AUI ar
‘and:t he seat menber is a core which extends t hrough the central aperture of
.the di aphragm and is guided to nove axially foP Opening and closing t he
“val ve. The core which extends through the di aphragm 25 coul d be
‘frusto-conical, tnﬂb¢rS%#Hﬁ@r@%@mtFyepf@$¥¢v€ﬂgc%m§%¥leﬁlGﬁs?FiP§i°n of an

~cylindrical Wi th ongy IREG é@b&im&ﬂﬂSreiréﬁexfzéS%é&ﬁéaﬁﬁdetéhehe
;dlaphragn1preferabl% ends n1t g e at an angle in the range of
.30 55[err] to 75[3FFPTPapYL ?%e %gsaﬁna %hof 60[err] to 70[err].

' Wth the dlaphragn1|ncllned |nignnerﬂaﬂseanﬁaﬁiaheseamﬁmnlthrbﬁgh a

. di spl acenent of.the negd n; 4 be. 2!
-substantially reduceé '%urt% H%gg@f%ﬁeggafszégpgggt|%n 'S essggﬁoaﬁlng
“sensitive to d|nenstbﬂainvaFFé?ﬁoﬂ%dd§b°V%nﬁaﬁﬂ¢a%%hY$nﬁnt%F%rQQEEslthan a

- flat radi al d|aphragnasgacbggaigﬂgﬁ;standlng of the invention wll WO
197/ 22481 PCT/ US96/ 19877 - 3- be galned
“fromthe fol | owing detail ed dBLGPFPt?ohs P fxial section showing

writing instrument of Figure 1 with the valve fully

10 opened; and _

Figure 3 is a graph showing the radial gap
created between the diaphragm and the valve seat
plotted against axial displacement of the valve seat
member for a valve embodying the invention and a prior

15 art valve with a flat diaphragm.

The marking instrument illustrated in Figures
1 and 2 has a body with front and rear parts 1, 2 which
are connected securely together. Axially slidably
guided in a bore extending through the front body part

20 1 is a feed device 3 to the forward end of which is
attached a marking tip 4 which extends slidably through
the front end of the body part 1 to a marking point 5.
As shown the marking point is a ball peoint, but any
form of marking tip commonly used in reservoir pens.,

25 including fibre tips, felt tips, tubular nibs, etc
could be used. The feed device 3 includes an ink feed
channel 6 for conducting ink to the marking tip from a
reservoir chamber 7, the forward end portion of which

. is defined by the rear body part 2. It will be

30 understood that a reservoir housing will be fitted to
the rear body part 2 to enclose fully the reservoir
chamber, and this housing can be provided with a grease
plug follower, as described in WO 93/059%966, so that the
volume of the reservoir chamber diminishes as the ink

35 is used. The forward end of the reservoir chamber is
delimited by a diaphragm 10 having an outer edge
portion clamped between the two body parts 1, 2 so that



exenpl ary enbodi nent, reference being nade to the acconpanyi ng-draw ngs in
which: Figure 1 is an axial section through a 5 forward_end ort on of *a
writing i QTR enbodyi ng the invention and show ng t hBC V%{fﬁéw? its
normal cl osed condition; Figure 2 is an axal section showing the witing
I nstrument of Figure 1 mﬁth the valve fully 10 opened; and Figure 3 is a

h sh
Jeat bl ott ed agensnsparaptlpEcilus BTuiRT abdla Bl RUARAGRTRE LAR 17V
val ve enbodyi netweepntheseopazftg.a Fheoreas Bnérva&hﬁefﬂPdhdaVi¢at

di aphragm The;grikkides h“%?&!ﬁﬁ&&chh'b%&%&hﬁdbemEhguhe%aivé“QthhﬁE a body
with front and rear parts

are connect securely together
Axially slidabWpigth QBE®; ﬁ°&rb5Féié}tBHHtﬂg1?hPBg rFﬁX F?Sﬁfigﬁﬂ9dpart 20
i Q; ahfee? dg&b@PtBth? bb&;harwaaﬁ sedtobuvriiack andatbnnbeded wnthlng tip
I ch exten gh t 0 h d rt
mar ki ng poi nt A§d ﬁbéﬁa?%éingrklﬁanggﬁafgggy EB%|?°§§|é?9§Butga%§ form
of marking: tlpaconmbﬂbﬁ From ﬂnsiesgpvvpmbp§n§2 with ancamdahgthroughti ps,

felt tips, tubub%re NaRY aCbl ubdv)aacnseﬂ fI@Ee&eQﬂtge’éhﬁergaknﬁﬂides an
|nk feed channel 6 for .con ink to the marking,tip froma
of the bore and de ined the perts 11 with the sleeve

10 member. The sleeve member has an external radial
shoulder a short distance in front of the ports 11, and
the inner peripheral edge ‘of the diaphragm 10 engages
the valve seat surface behind this shoulder so that the
diaphragm covers and closes the ports 11 to shut off

15 communication between the reservoir chamber 7 and the

feed channel 6 in a normal condition of the writing
instrument, es shown in Figure 1. The diaphragm
includes, an integral sleeve portion which projects

' forwardly and surrounds the feed device forwardly of

20  the ports 11 to provide an additional seal to prevent
leakage of ink between the diaphragm and feed device.
The feature is also described in our co-pending UK
Patent Application ‘No 9513391 4, and as also described
in that applicat;on the feed device could include a

25 recess between the shoulder and the ports 11 for
causing ink to be drawn back from the marking tip after
closure of the valve.

In use of the marking instrument the marking
point is applied to a surface to be written on and

30 under the force exerted on the marking point, the
marking tip 4 and feed device 3 are displaced
rearwardly relative to the body; As a result the
diaphragm 10 is deflected rearwardly, causing a
pressurization of the ink in the chamber 7, and the

35 inner edge of the diaphragm is deflected so that the
ports 11 are uncovered and communication between the
reservoir chamber and ink feed channel is established



§reseryoirﬂchanbér 7, the forward end portion of which is defined by the
‘rear body parwodinidsiwi || be 30 understood that a reservoir HCISYISAF| |
+be fitted to the rear body part 2 to enclose fully the reservoir chanber,
“and this housing can be provided with a greaseSptug fol | ower, as descri bed
.in WD 93/05966, so that the volume of the reservoir chanber di m nishes as
‘the ink 35 is usesllloWimgfinkate pasisotot tee rmackingrtibakbreugh the

-delimted by a di ap@ﬁéﬂ%&ﬁvaavrﬂa @aaﬁw;fa &ﬁsﬁweéﬁéﬂe &kappgdehghveen
:the two body parts I, 2

. PCT/ US96/ 19877 - 4- %\éia?a%r%‘n#w%\kuefé ateeavhéa{j’au 18t feemrdghYof i nk
. between these parts@eri’bﬁatearwem Di iftedfall WivhCeheéNgeatcbody part 2.

-cylindrical por a_valve seat at ' p radial ports 11

~uniformy distr% nlﬂgﬁ%ﬂfﬁ% ROtRRqHP 22+££3§t€§urf§é% BM®*Eonnect ed

‘with the feed channe&rﬁacébnquléqedydehbcéequddaarbtng ttpagsenbebdr#edn1a

sleeve menber 12 WiLh gRefki fhitihP PhsbOions M EnPhyOcld vEIGE 13 Tit!ed
t he bo S

into the rear end o re and I ned the ports wth 't eeve 10
“menber. The sl eevech@®®@r has an external radial shoul der a short distance

in front of the ports 11, andin accordance with the invention the free

10 surface 15 of the diaph:agﬁ confronting the reservoir
chamber 7 extends at an angle less than 90°, and in
particular about 60°, to the inner edge surface which
co-operates with the cylindrical surface of the valve
seat. Due to this frusto-conical configuration of the

15 diaphragm, the displacement of the feed device needed
to open the valve is reduced compared with that of the
flat valve. This effect is illustrated in Figure 3 in
which the upper line I applies toc a valve with an
inclination angle of 30° to the radial direction and an

20  interference fit of 0.1 mm with the valve seat, and
line IX applies to a corresponding flat valve. It can
be seen that with a diaphragm according to the
invention the valve opens much more rapidly with
rearward displacement of the marking tip, and hence the

25 reciprocal stroke of the marking tip required to obtain
correct valve operation is reduced and the movement of
the marking point will be less noticeable to the user
of the instrument.
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the inner peripheral edge of the diaphragm 10 engages the val ve seat *
surface behind this Hﬂﬂmmum t he di aphragm covers_and cl oses the"
ports 11 WQIUR4B! of f Mum on between t he reserVol'P3¥A3er 7 and
the feed channel 6 in a‘notma!? condition o the witing instrunent, as
shown in Figure 1. The di aphragmincludes, " an integral sleeve portlon whi ch

projects forwardly and surrounds the feged,d forwardly of 20 t he
ports 11 to provide an additional seaLﬁoa'gie#eﬁt | eakage of ink between

t he di aphragm and feed devimasxckifige insitmmments crmprigdagr abewservodr

co- pendi ng UK #.App 3 a’ﬁ’“’% I

that applicati o%{@% %{ﬁ%}%%h&c\l%%ﬁ?n%l 3‘ 5%:?(;:?8;53& eglth\ihlc3

shoul der and t Helyis} tEram the xeservRiy mb Q?efd’rra\ﬁr\l!’r?&&ktprm@iﬁﬂrkl ng
tip after @ osyg Ofaddea \«?Am $dy L@&x@oltngwdgﬁlg» oS E1 TR it hirbRigh

mar ki ng point is ap I|ed surf W tten on and, 30 der t he
force exerted d"rSP? % rf‘é’“?ﬁﬁ %W@é’dw&é@ﬁ & 3 are
gl fslpl aceg r ear ozl y amdlaé |d1!eaphra§m ﬁmd;ng Asn aadgaSLﬂdr tdmeoduea:p]tli@glml&m S
efl ected rear I | f anmber 7,
and the 35 waid é’ a&?ﬂn‘tio %atd&a oud Al pg:ﬂﬁo ard¥f o e N gl abid

I nner ragmis 'efted %o that the ports 11
are uncover ed MM|%MC#F%tm tha poadtion a@ha'#mh &he i nk feed

channel ig@est aPidedbm is held against movement, the seat member being
movable to deflect the diaphragﬁ"fof opening the valve, and
the said free diaphragm surface extends away from said edge
at an ahgle of 45° to 85° when the valve is closed.
2. A marking instrument according to claim 1,

i5 wherein the free surface of the diaphragm extends away from
the edge'at a angle of 55° to 75° when the valve is closed.
3. . A marking instrument according to claim 2,
wherein the free su:fade of the diaphragm extends away from
the edge at a angle of 60° to 70° when the valve is closed.

20 4. A marking instrument according to claim 1, 2 or 3

' wherein the diaphragm is annular with a central aperture,
and the seat member extends through said central aperture
and is guided to move axially for opening and closing the
valve. '

25 5. A marking instrument according to claim 4,
wherein the portlon of the seat member extending through
the diaphragm has a cylindrical surface and the port is
directed radially with respect to the cylindrical surface.
6. A marking instrument according to claim 4 or 5,

30 wherein the valve seat member has a radial shoulder, a
surface of the diaphragm opposite the free surface abuts
the shoulder, and the diaphragm includes an integral sleeve
portion in sealing co-operation with a feed device through
which the feed channel extends forwardly of the shoulder.
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. allowmng ink to pass to the marking tip through the open valve. The
rearward di siNOnexR2d8tt of the feed device is.limted by a stopPQifU8%6/19877
. formed by a perforated wall 14 integral mﬂ?ﬁ the rear body part 2. 5 Wen
. the marking point is lifted fromthe paper surface, the feed device and

marking tip are r | r initial positions

- closed. In accordgFe with thidnvention the free 10 5%r t he
: di aphragm confron g thé res oi r chanmber 7 extendsgg ss t han
' 90[err], and in pgicular ab 60, to the inner edgfZ 7
. CO-operates with cyl tndri surface of the valve’z -hi s
. frusto-conical co gur atii on the 15 di aphragm t . of the
feed device neede4go open th alve is reduced conpaﬁf f the
flat valve. This ect ils ill traﬁ?@ in Figure 3 i ng# r line
| applies to a val wth an Jj I nation angle of 30
direction and an i nter¥ergAce fit of 0.1 nmw th and
line Il applies t cor riespo n%zflat valve. It can
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be seen that with a diaphragmaccording to the invention the valye opens
much nmore rapidly with rearward di spl acement of the marking tip, and hence-.
the 25  reGyglh9ess; Stroke of the marking tip required to ob‘;@;,ﬁsggggg-ﬁct

val ve operation is reduced and the novegpent of the marking point wll be
| ess noticeable to the user of the instrunent. WO 97/ 22481
PCT/ US96/ 19877 -6- CL Al MS 1. A marking instrument conprising a

reservoir chanber for marking fluid, a channel for conducting marking fluid
fromthe reservoir chanber for supply to a marking 5 tip, and a val ve for
controlling supply of fluid through the channel, .the valve conprising a
seat nmenber with a port, and a di aphragm having an edge for co-operation
with the seat nenber to close the port, and a free surface extending from
said edge to a position at which the 10 diaphragmis held agai nst
nmovenent, the seaf _nenber being novable to deflegt the di aphragm.for
openi ng the valve,\and the said free di aphragm syrface extends}ja®ay from
said edge at an ang\e of 45[err] to 85[err] mhen t he valve is flosed. 2.

A mar ki ng |nstnunent according to claim1,
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- 15 ;vvn_erfei'n :iﬁ"e free surface of the diaphragm extends away fr orgsxis
at a angle of 55 to 75[err] when the valve is closed. 3.

. instrument accogag 10 Cl al Gog IR bRAmi eRoMuRRe Of tNR

. extends away fr edge at a angl entghatig@Bagean] t o 70[ err] when the val ve
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(57) Abstract

(3) needed to open the valve.

A marking instrument has a reservoir (7) for marking fluid partially delimited by
diaphragm (10) having its outer edge sealed to a body (12) of the marking instrument,
and a hole at its centre through which extends a feed device (3) connected to the
marking tip, an inlet port (11) of a feed channel (6) extending along the feed device
being arranged to be opened and closed by the diaphragm which acts as a valve. The
diaphragm (10) has a conical form to reduce the axial displacement of the feed device




