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COMPLETE SPECIFICATION

Improvements in or relating to Fountain Pens.

I, StanvEy GusTav DEnRNY, M.A., 8 -British
subject of Kingsway House, 108, Kingsway,
London, W.C.2, Chartered Patent Agent
do hereby declare the nature of this inven-
tion ( a communication to me from THE
ParkEr Prxy Compaxy, a corporation duly
organised under the laws of the State of
Wisconsin, United States of America, of
Corner of Court and Division Streets,
Janesville, State of Wisconsin, TUnited
States of America), and in what manner
the same is to be performed, to be particu-
larly described and ascertained in and by
the following statement:—

This invention relates to fountain pens,
and more particularly to fountain pens in
which capillary action alone is utilized for
filling the ink reservoir, for retaining ink
therein and for feeding ink therefrom to
a writing surface when the pen is in use.

Fountain pens operating generally in
this manner are disclosed in the communi-
cator’'s Specification No. 634,735, which
deseribes and claims a fountain pen includ-
ing a pen body having a reservoir section
and a feed section with a writing element
carried at one end of the pen body.
characterized in that there is disposed in
the reservoir section a capillary ink filler
and reservoir element having relativelv
fived, rigid walls defining a capillary ink
storage space of predetermined capillarity
sufficient to draw ink into the storage space
by capillary action when the fller and
reservoir element is placed in communica-
tion with a supply of ink as when an end
of the pen is inserted in a supply of ink
and to retain the ink in the storage space
by capillary action when the pen is not
in use, and further characterized by a
capillary ink feed element disposed in the
ieed section and providing a capillary ink
feed duct connecting the storage space with
the writing element and of predetermined
capillarity sufficient to draw ink from the
stornge space by capillary action when the

writing element is in contact with a writing
surface.

In the said Specification No. 684,785 are
shown various forms of pen each having
an ink reservoir comprising a plurality of
annular spaces of ecapillary dimensionsg,
with longitudinal passages interconnecting
the said spaces and serving to feed ink
therefrom to a writing element such as a
nib when the pen is in use. The annular
spaces may also be formed so that those
farthest from the writing element are of
greater capillarity than those nearer to said
writing element, and/or an air vent may be
provided for continuously venting the ink
storage to the atmosphere.

It is an object of the present invention
to provide an improved fountain pen which
operates on the same principles as des-
cribed in the said specification. To this
end is employed an ink storage and filler
element having elongated capillary passages
or cells extending longitudinally substan-
tially throughout said element, each of said
passages or cells embodyving means extend-
ing longitudinally therealong which is of
greater capillarity than the remainder of
the passage or cell.

It will be appreciated that such a con-
struction is relatively simple to manufac-
ture and may have considerable mechanical
strength. There may for example be con-
structed a filler element in substantially
cylindrical form with radial vanes within
such cylinder defining said capillary
passages, as will be later described.

A particular advantage of such a con-
struction is that, owing to the fact that the
capillary passages extend longitudinally of
the pen. substantially all said passages may
be simultaneously placed in substantially
direct contact with a supply of ink. which
facilitates rapid filling.

It will also be noted that a plurality of
feed paths are provided. each - extending
substantially throughout the length of the
ink_veservoir, and the members forming
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these paths need occupy only a relatively
small portion of the space available for ink
storage, thus providing increased ink
capacity.

Pens according to the invention ave also
less liable to develop air locks, as when
any of said passages or cells is incompletely
filled with ink, the said means of greater
capillarity than the remainder of the
passage or cell tends to attract the ink,
leaving a continuous space, and the ink
may feed out of the pen via said means
of greater capillarity. It is thus possible
for the pen, whether completely or partially
filled, to be ‘‘written out’—i.e. emptied
by writing—completely before refilling is
necessary.

The advantages common to fountain pens
using capillary action for filling and ink feed
are also obtained. Among these may be
mentioned the absence of plunger, levers
or the like for filling, and the fact that air
vents and pressure equalizing passages may
be provided so that changes in atmospheric
pressure do not cause leaks or otherwise
affect ink feed.

The various features of the invention
will appear from the following description.
taken in connection with the accompanying
drawings, in which:—

Figure 1 is a view of a longitudinal,
vertical cross-section taken through =
fountain pen embodying the present inven-
tion;

Fig. 2 is a transverse cross-sectional view
taken along the line 2—2 of Fig. 1;

Fig. 8 is a transverse cross-sectional view
taken along the line 3—3 of Fig. 1;

Fig. 4 is an enlarged. fragmentary trans-
verse cross-sectional view taken along the
line 4—4 of Fig. 1; )

Fig. 5 is an enlarged, fragmentary view

.showing a portion of the structure of Fig. 4;

Fig. 6 is.an enlarged, fragmentary cross-
section taken along the line 6—6 of Fig. 5;

Fig. 7 is an enlarged, fragmentary view
of a portion of the cell structure illustrating
somewhat diagrammatically the position
which the ink takes in one of the cells
during filling;

Figure 8 is an enlarged, fragmentary view
of a portion of the cell structure showing
somewhat diagrammatically the manner in
which the air lock is prevented:

Fig. 9 is an enlarged, fragmentary view
of a portion of the cell structure showing
somewhat diagrammatically the feeding of
ink from a cell:

Fig. 10 is a fragmentary. longitudinal
cross-sectional view through the forward.
or nib end. of a second embodiment of the
invention:

Fig, 11 is a fragmentary view, partially
in longitudinal eross-section, of another
form of my invention:

Fig. 12 is an exploded perspective view
of a nib and an end closure member form-
ing a portion of the pen shown in Fig, 11;

Fig. 18 is a transverse, cross-sectional
view taken along line 13—13 of Fig. 11;

Fig. 14 iz a transverse, cross-sectional
view taken along line 14—14 of Fig. 11:

Fig. 15 is a side elevational view of a
apillary filler element and feed forming
a portion of the pen shown in Fig. 11;

Fig. 16 is an enlarged, fragmentary and
somewhat diagrammatie view illust
the arrangement of the iin-forming strips in
one step in the formation of the capillary
filler elements of I'ig. 15;

Fig. 17 is a diagrammatic view of the
fin-forming strips as thexy appear after bend-
ing and application of the backing sheet:

Tig. 18 is a reduced top plan view of the
assembly of fin-forming strips and backing
sheet prior to rolling into final form:

Fig. 19 is a side elevational view of the
assembly of Fig. 18:

Fig. 20 is an enlarged, fragmentary, and
somewhat diagrammatic top plan view of
a portion of the structure shown in ITig.
18;

Fig. 21 is a longitudinal view partially
in cross section of a pen embodying a
further form of my invention;

Fig. 22 is an enlarged, fragmentary
longitudinal seetional view of a portion of
the structure shown in IMig. 21;

Fig. 23 is a transverse cross-sectional
view taken along line 23—25 of Fig. 22:

Fig. 24 is a transverse cross-sectional
view taken along line 24-—24 of Fig. 22:

Fig. 25 is a fragmentary view, partially
in cross-section showing fhe forward end
of a cartridge generally similar to the cart-
ridge of Fig. 21 only employing a modified
form of feed member:

Fig. 26 iz a top plan view of the feed
member shown in Fig. 25; ffi

Fig. 27 is a longitudinal sectional view of
another form of fountain-pen embodying
my invention:

Fig. 28 iz an enlarged, transverse sec-
tional view taken on line 28—328 of Iig. 27
but omitting the pen cap:

Fig. 29 ic an enlarged transverse sec-
tional view taken on line 29—29 of Iig.
27;

Fiz. 30 is an enlarged fragmentary view
of the rear ends of the capillary tubes:

Fig. 51 is a view similar to Fig. 20 <how-
ing a modified arrangement for providing
the longitudinal ink-earrving eapillary
passages;

Tt swill be undersood that while a foun-
tain pen of the pocket type is illustrated
herein. the invention may. with suitable
structure modifieations. be adapted to foun-
tain pens of the desk type. .such as are
normally used with desk stands, or fo con-
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vertible fountain pens which can be used
as_either pocket pens or desk pens.

Referring now particularly to Fig. 1, the
fountain pen according to a preferred em-
bodiment of the invention, includes an
elongated body formed of a suitable ma-
terial, such as hard rubber or plastic, as
for example ‘‘Lucite’’ (methyl methacry-
late resin). The body includes a hollow
barrel 1 having a chamber 2 defining an
ink reservoir which extends throughout
a substantial portion of the length of the
barrel. ,

A pen nib section 8 is secured in the
forward or nib end of the bairel 1, as by
screw threads 4, and may be positioned by
a shoulder 5 which abuts the end of the
barrel 1. A suitable writing element which
may take the form of a nib 6. associated
in a bore 8, extending through the pen nib
section 3. The feed bar 7, which is essen-
tially eylindrical in shape, is provided with
a generally channel-shaped slot or groove
9 in its upper portion for a purpose which
will be later explained. The groove 9 is
open at its rear end and is closed at its
forward end by an end wall 10, which is
inclined to prevent the lower portion from
bearing on the writing surface when the
pen is held at the usual writing angle.

The pen nib 6 may be of conventional
form, including a body 11 having a pierce
12 and a nib slit 18 extending therefrom
and defining two nib sections. The nib
6 is firmly seated in the bore 8, and ex-
tends along the feed bar so that the nib
section bear against and extend beyond
the end wall 10; the feed bar 7 (Fig. 2)
being relieved appropriately as at 14 to
accommodate the body 11 of the nib.

A front end cap 15 may be provided for
enclosing the nib end of the pen and may
be secured to the barrel 1, as by screw
threads 16, or in any other suitable and
well known manner. The cap 15 is formed
with a shoulder 17 adapted to abut the
section 8 to prevent the cap 15 from being
screwed down too far onto the barrel 1, and
injuring the nib 6.

Removably secured on the rear end of
the barrel 1 is a rear end cap 18, which
closes the chamber 2 and forms with the
adjacent end of the barrel 1 an end space
or chamber 19. The rear end cap 18
preferably is attached to the barrel 1 by a
bush 20 having a body 21 threaded into
the barrel 1 and a reduced neck 22 onto
which the rear end cap 18 may be screwed.

Means are provided for filling the pen by
capillary action when the end of the pen
is introduced into a supply of ink. Such
means also is effective to maintain the ink
in the pen entirely under capillary control
(i.e. within a space of capillary dimensions)
at all times so that there is no free body of

ink within the pen which is subject to
influences tending to cause leakage, such
as changes in atmospheric pressure or
changes in temperature of the air in the
pen. During writing the capillary filler
means aids in controlling the feed of ink
to the nib to provide a continuous, even
supply of ink to the nib.

The capillary filler means includes a
capillary cell structure 23 extending sub-
stantially throughout the length and
breadth of the ink reservoir, and which
is formed by a plurality of walls or fing 24
extending in generally radial directions
from adjacent the wall of the chamber 2
to short of the center. Each wall or fin
24 extends longitudinally substantially
throughout the length of the chamber 2
and is formed from a suitable material
which is wettable by the usual inks but is
relatively inert thereto and will not deterior-
ate over a long period of use. In addition,
the material has sufficient rigidity so that

the fins retain their shape and position

during use. A metal sueh as stainless
steel has been found to be highly satis-
factory for use in forming the fins, although
often other materials such as silver, mica
or a plastic may be used.

The fins 24 are spaced apart, preferably
equally, to provide passages or cells 25
of capillary widths between adjacent fins.
Owing to the radial arrangement of the fins,
the spaces 25 taper inwardly and are gener-
ally wedge shape-in cross-section. At their

outer side edges the fing 24 preferably ex-’

tend to the walls of the chamber 2 and
are spaced apart as by arcuate, flange-like
edges 26, each of which bears against the
body of an adjacent fin 24 at the outer edge
portion thereof (Fig. 5). ,

At their inner side edges, the fins 24
terminate short of the centre of the cham-
ber 2 and thus a central space 27 is pro-
vided, which receives & feed element des-
cribed hereinafter. The fins 24 are spaced
apart at their inner side edges in a manner
which will provide communication between
all of the cells 25 and the central space or
passage 27. For this purpose, alternate
fins 24 may be provided with corrugations
or beads 28 extending throughout a portion
of the length of such fins. At least two
of the corrugations 28 on each alternate
fin project in opposite directions from the
plane of the fin to bear respectively against
the two adjacent fins on either side of the
fin on which the corrugations are formed.

The fins 24 are made as thin as practic-
able, consistent with mechanical strength
and rigidity, "in order that the largest
number of cells of predetermined wall-to-
wall width may be provided in a chamber of
predetermined size. Thus, by forming the
fins of very slight thickness, the maximum
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_sisting of 20 filaments,
-materials such as other plasties, ceramie

ratio capillary cells space fo total voluine
of the ink reservoir is obtained.

The central passage 27 receives and is
substantially filled by a feed element
which may be formed as a wick 29. The
wick 29 extends along the central passage
27 in feeding relation with the open inner
side edges of the cells 25 and extends into
the groove 9, and throughout the length
thereof. The wick 29 fills the groove 9
and bears against the underside of the nib
6 whereby the capillary passages in the
wick 29 are in ink feeding relation with
the pierce 12 and slit 18. Preferably, the
portion of the wick which extends for-
wardly of the capillary cell structure has
a greater capillarity than the remainder
of the wick. This may be accomplished b¥
forming the groove 9 of such size that the
wick is slightly compressed between the
walls of the groove 9 and the top wall of
the bore 8 rearwardly of the nib and be-
tween the walls of the groove 9 and the nib
6. This compression also ensures that the
viek 29 is retained firmly in feeding rela-
tion to the nib pierce 12 and nib slit 15.

The wick 29 is formed from a large
number of strands or fibers which provide
a plurality of capillary paths extending in
a generally longitudinal direetion through
the central passabe 27 and which are in
communication with the capillary cells 25.
Preferably the wick 29 is formed from a
material which provides the necessary
capillarity, which is sufficiently flexible to
provide the desired contact with adjacent
elements of the pen and which is suffi-
ciently resilient to retain such econtact.
Preferably the material is non-absorbent
and is not deteriorated by conventional inks.
In one successful embodiment, the wick
was formed by a bundle of essentially
parallel 20 denier nylon threads each con-
although other

material or vegetables or animal fibers may
be used.

A pad 30 may, if desired, be provided
at the front end of the chamber 2 in sur-
rounding engagement with the wick 29 and
seated between the ends of the fins 24
and the adjacent ends of the pen nib sec-
tion 8 and feed bar 7. The pad 30 is
formed of a suitable material providing
capillary passages having a greater capil-
larity than the capillary cells 25 and which
material is wettable by the ink but prefer-
ably non-absorbent and will not deteriorate
over a long period of use. It has been
found that nylon or spun glass is very
satisfactory for forming the pad. In order
to assist in positioning the pad 30 and the
fins 24, the barrel 1 is formed at its forward
end with a shoulder 31 against which the
pad 30 seats. When the pen nib section

3 and the feed bar 7 are in position their
ends are flush with the shoulder 31 and
provide additional seating for the pad 30.
The pad 30 is formed with an opening 32
to accommodate the wick.

The fins 24 are held in position at their
rear ends by a screen 33 which extends
across the rear end of the chamber 2 and
which preferably is secured between the
bush 20 and a shoulder 84 formed in the
barrel. When the bush 20 is serewed into
place it forces the fins 24 firmly against the
pad 30 which in turn is forced against its
seat and thus fins 24 ave firmly secured in
position.

The screen is formed with openings
which provide relatively free communica-
tion between the capillary cells and the
chamber 19. Since the pen barrel is open
across substantially its entire rear end area.
the cells therefore have relatively free
communication with the chamber 19 (and
the exterior of the pen when the rear end
cap 18 is removed) over substantally their
entire rear end area. The screen may be
formed of anv suitable material which
will retain its rigidity and which iz not
deteriorated by the ink. Metal such as
stainless steel has been found suitable for
forming the screen, although suitable plas-
ties may be used.

Extending from the chamber 19 along
the chamber 2 to the front end of the pen
is a vent or pressure equalizer passage 33.
This passage may be defined by a trough
member 36, formed of suitable material,
such as stainless steel. disposed in the
upper portion of the chamber 2, and by a
groove 37 (Fig. 2) formed in the upper wall
of the bore 8, which extends through the
pen nib section 3. In order to accommo-
date the trough member 36, portions of
certain of the fins 24 may be cut away
(Fig 4). Additional venting preferably is
provided by one or more additional pressure
equalizer passages which are generally
similar to the passage 35, but spaced there-
from around the periphery of the chamber
2. and which may terminate at the forward
end of the cell structure 23 or may extend
through the pen section 3.

In order to provide communication be-
tween the passage 35 and the adjacent cells
substantially throughout their lengths the
trough member 36 is formed with openings
58, or it mayv be formed as a screen.
Alternatively. the passage 35 may be pro-
vided by omitting a suitable number of fins
24 at the upper portion of the chamber,
the spacing of the fins at either side of the
sector shaped space created by the omission
of fins being maintained by suitable spacer
means (not shown) such as an extended
flange on one of the fins.

The air passage 35 provides free air com-
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munication between the interior of the pen
and the atmosphere, when the front end
cap is removed for writing or when the rear
end cap is removed for filling the pen and
thus, all of the ink in the pen is main-
tained at atmospheric pressure when either
end cap is removed. The air passage
serves to equalize the pressure in all por-
tions of the pen so that when both end
caps are in position closing the respective
ends of the pen, the pressure within the
pen body and within both of the caps is
equal. Tt will be understood that when
both caps are in position closing the ends
of the pen, changes in atmospheric pres-
sure may not be reflected immediately by
similar changes within the pen: however,
when either cap is removed, the pressure
within the pen immediately is equalized
with that of the atmosphere.” Where either
end cap is vented the presure wihtin the
pen interior will remain at atmospheric
pressure,

It will be seen that since each of the
cells iz in air communication with the
chamber 19, the pressure of the air on the
ink at the rear ends of all of the cells is
substantially equal. However, in order to

, provide full and immediate equalization of

pressure within all of the cells whenever
any changes in pressure take place in any
portion of the pen, a plurality of openings
39 may be provided in each of the fins.
The pen is filled by placing the capillary
cells in capillary filling relation with a
supply of ink. Preferably the pen is filled
at the rear end by removing the rear end
cap and inserting the rear end of the pen
in a supply of ink to such depth that the
rear ends of the cells are below the surface
of the ink supply, and the cells are indi-
vidually in capillary filling relation with
the ink supply. The capillary action of
the cells and the wick causes ink to be
drawn into both the cells and wick and
to rise therein. Since the cells are in sub-
stantially direct filling relation with the
ink supply (through the openings in the
sereen) ink will be drawn directly into each
cell. Since the cells are individually and
directly in communication with the ink
supply, through the openings in the sereen
and since the cells present a relatively large
total cross-sectional avea ink will be drawn
into the pen at a relatively rapid rate and
the filling operation will require a period
of only a few seconds. The wick and the
inner portions of the cells provide paths
of higher capillary than the outer portions
of the cells. Accordingly ink will rise along
the former paths in advance of its rise
along the portions of the cells remote from
the wick. The formation which ink will
assume in the cells is illustrated in a
generally diagrammatic way in Fig. 7.

During the filling, ink will rise in the
wick 29 toward its upper end until the wick
is completely filled and will enter the
nib slit 13. Ink also may be drawn from
the wick 29 into the capillary spaces in the
pad 30 to fill such spaces; in any event
when the pen is placed in writing position,
the pad will draw in ink from the adjacent
ends of the cells and become saturated.
Thus, the ink in the wick 29, the pad 30
and the cells 25 and nib slit 18 forms a
substantially continuous body of ink all
of which is in passages or cells of capillary
size.

Air which is in the capillary cells and
wick prior to filling the pen is forced out
during the filling by the ink which is drawn
into the cells and wick. This air is forced
out of the front ends of the cells and out
of the wick and into the air equalizer
passage which vents the air to the atmos-
phere. Where the air equalizer is in direct
communication with adjacent eells, as ex-
plained hereinbefore, air will also pass into
the air passage directly from adjacent cells.
and thence to the end of the passage. In
order to ensure free venting the front end
cap is loosened or preferably removed dur-
ing filling.

The capillarities of the several passages
and cells constituting the capillary system
are so selected that ink will be drawn into
the pen to fill the cells 25 to the desired
extent. The height to which ink will rise
in the pen and the rate of rise will depend
upon a number of factors. However, for
any particular pen, using any particular
ink, the height of rise (and rate of filling)
is influenced by the angle at which the pen
is held relative to the surface of the supply
of ink. The minimum height of rise (and
rate of filling) will occur when the pen is
held vertically and the capillary system
should have sufficient capillarity to cause
ink to rise to the desired height when the
pen is held in this position. However, the
pen may be held at a relatively small angle
to the surface of the ink supply (for ex-
ample, around 30°) with the result that
the cell would be capable of drawing up
more ink than if the pen were held vertic-
ally. Accordingly, the capacities of the
cells and the capillarity of the capillary
system are so selected that even if the
pen is filled by holding it at a very small
angle to the surface of the ink supply, no
more ink will be drawn into the pen than
can be retained in the cells by capillary
action in any position of the pen. Hence,.
even if the pen is filled by holding it at a
relatively small angle to the surface of the
ink supply and then is moved into a vertieal
position, ink will be held in the pen by
the eapillarity of the cells and will not drain
out or leak. ) ) )
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The height of rise and rate of filling for
different designs and constructions of pens
is influenced by such factors as the sizes
of the various capillary passages, the flow
resistance through such passages, the
wettability of the surface of the ink used
and the surface tension of the ink. In
general, the viscosiby of the ink also would
be a factor but since most fountain pen
inks af present in use have viscosities sub-
stantially equal to that of pure water, the
viscosity for such inks may be assumed to
be the same. In the pen of the present
invention the practically sfraight, un-
obstructed passages defined by the cells
and the relatively large total cross-sectional
area presented to the supply of ink when
the cells are in filling relation provide for
relatively rapid filling action even though
the cross-sections of individual cells are
necessarily made relatively small in order
to provide the necessary capillarity.

Inasmuch as the pen when used in writ-
ing ix held with the nib end downwardly,
the capillarity of the cells 25 must be such
as to retain ink therein when the pen is in
such position. Aecordingly, the capillarity
of each coil must be sueh as to support
the weight of the column of ink which ex-
tends from the end of the nib to the upper
surface of the ink in the cells.

The relative capillarities of the several
portions of the capillary system ars so
selected that ink will be drawn by capillary
action to the nib and will be maintained
there at all times so that the pen is always
in writing condition. Ink which evapor-
ates, or which is drawn off during writing
thus is immediately replaced.

The wick 29 is formed so as to have a
higher capillarity than the cells 25 and the
pad 80. Thus, any ink withdrawn from
the wick at the nib pieree or nib slit will be
replaced immediately by ink drawn into
the wick from the cells 25 or pad 30.

The pad 30 is formed so as to have a
capillarity greater than the cells 23 but
less than the wick 29. Thus. the pad 30
acts to draw ink out of the cells 25 at their
forward ends, which action tends to main-
tain ink at the forward ends of the cells;
however, since the wick 29 has a greafer
capillarity than the pad 30, ink is drawn
from the pad 30 by the wick 29 and fed
to the nib 6. The pad 30 normally will
draw ink from the forward ends of the cellx
25 and ink will be drawn from the pad 30
by the wick 20. However, the wick 29 is
in feeding relation with each of the cells
throughout the length of the reservoir and
thus the wick will he <upplied with ink
substantially throughout its length.

Owing to the higher capillarity of the
inner portions of the cells 25 relative to
the remainder of the cell portions. any ink

which is in a cell will be drawn toward the
inner portion of the cell where it is in a
position to be drawn into the wiclk 29.

In writing, when the pen nib is drawn
across the writing surface, ink which is
held in the nib slit by capillarity is brought
into contact with the writing surface and
the capillarity established between the nib
and the writing suiface is sufficient to over-
balance the capillarity of the capillary filler
element. The capillarity of the pen nib
slit, the wick and the pad is such that ink
is drawn from the capillary cells to replace
ink which is withdrawn from the pen nib
slit and left on the writing surface. Be-
cause the flow of the ink to the pen nib
slit is governed by the relation of the capil-
larity of the capillary system in the pen to
the capillavitv established between the pen
nib and the writing surface, a very uniforin
Hlow of ink to the writing surface is ensured.
Since the capillarity of the capillary system
of the pen is greatest at the pen nib slit,
ink is always instantly available at the
point of the pen nib for writing.

The cells are in communication individu-
ally with the capillary passages in both the
pad and the wick so that the ink is in the
form of a continuous body entirely under
capillary control. Owing to the internal
cohesion of the ink aund to the fact that the
continuous body is under capillary control.
the continuity of supply from the cells to
the pen nib slit is maintained at all times
to replace ink which is deawn off during
writing.

As ink is drawn from the pen in writing,
air must be drawn into the pen to replace
such ink. Air isx admitted through the front
end of the air passage 55 and enters the
cells at their rear ends and also through
the openings 39 in the fins 24, Ink norm-
ally will be drawn out of the cells at their
inner side edges and at their forward ends
as illustrated somewhat diagrammatically
in Fig. 9. Air normally will enter the cells
behind the bodx of ink therein and will
gradually fill the cells from the rear toward
the front and from the outer edges toward
the inner edges.

Tt is essential that any and all conditions
which might lead to air locks in the eapil-
lary systemn be eliminated for. as is known
to those skilled in the art, air locks will
prevent ink from being drawn into a pen
during refilling. In addition. air locks will
prevent ink from being written out of a pen
fully and thus will limit the refill capucity.
Tn some cases air locks may causge complete
stoppage of the ink feed. Tn the pen illus-
trated herein. air locks ave prevented by the
provision of pilot feed passages of higher
capillarity than the remaining portions of
the ink reservnir. The central wick and the
inner portions of the cells provide pilot

70

St

~1
<

50

90

100

105

110

113

120

130



10

20

40

a0

60

passages of higher capillarity than in the
remaining portions of the cell and which
waintain the continuity of the body of ink
in the capillary system to ensure feeding
even when air is present in the reservoir
under such conditions as might cause an
air lock were it not for the presence of such
preventitive means.

The action of such pilot passages is illus-
trated somewhat diagrammatically in Fig.
8 to which reference ix made to aid in an
understanding of this action. If a globule
“a”" of ink is formed in one of the cells
above, or enclosing, a quantity of air “b”’
the ink forming such globule will be drawn
toward the inner portion of the cell and the
wick, since the capillarity of these portions
of the system is greater than the capillarity
of the outer portion of the cell. The ink
globule is thus drawn away from the outer
portion of the cell, as indicated by the line
“c” in Fig. 8, thereby, freeing the air
entrapped forwardly or within the globule
and allowing such air to join the air above
the globule. The ink forming the globule
may be entirely drawn into the wick.
However, if the wick is saturated, the
globule may not enter the wick, but it
will pass down the cell along the inner edge
portion thereof and eventually join with
ink in the forward end of the cell, as indi-
cated at ““d’’ in Fig. 8.

The capillary action in all parts of fhe
pen is sufficient so that the ink is main-
tained therein wunder all conditions of
normal use such as changes in position and
changes in temperature and pressure, but
is caused to flow to the nib by capillary
action when the nib is engaged with and
moved along a writing surface. Since the
ink in the reservoir is maintained substan-
tially under atmospheric pressure, and is
fed therefrom by capillary action, the ink
will flow smoothly and evenly and will not
alternately flood or starve as is often the
case in pens of the type wherein ink is re-
tained in the reservoir by partial vacuum
and air enters the reservoir intermittently
to replace ink which is drawn off in writing.
Because the capillarities of the inner por-
tions of the cells and the adjacent wick are
higher than the capillarity of the cells at
the outer portions, ink will be retained in
the upper portions of the cells at the inner
portions in the manner indicated in a very
aeneral diagrammatic manner in Fig. 9.
However, since the central wick is in feed-
ing relation with all of the cells throughout
their lengths ink will be drawn out of the
cells as the pen is emptied until the cells
are substantially empty.

The wick provides a means of relatively
large cross-section for supplying ink to the
nib and thus a ready but controlled supply
of ink is always available at the nib. Since

642,437

-

the wick provides a large number of
passages in  parallel relationship, the
clogging of one or more of the passages
would not appreciably affect the availability
of ink at the nib or the free flow thereto.
The novel features of the present inven-
tion may be embodied in pens of various
sizes and forms. In one illustrative em-
bodiment of the invention in which the
pen barrel, pen section and nib . were
approximately of the size ordinarily used
in a pocket pen, excellent results were
obtained by employing an ink Teservoir
having an internal diameter of 0.375” and
an overall length of 13” to 2”. The capil-
lary cell structure was formed of fins, each
having a length of 12” and a width of
0.140” providing a central opening having
a diameter of 0.095”. The wick was
formed with an uncompressed diameter of
approximately 0.100” to Il the central
opening tightly. The fins which were
0.001” in thickness were spaced apart to
provide cells each having a width of 0.006”
at the oufer edge and 0.001” width at its
inner edge. The air equalizer passage had
a diameter of 0.050”. The pen had a
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total initial ink capacity of approximately .

2.5 grams and a refill capacity of approxi-
mately 1.5 grams.

In Fig. 10 there is illustrated an embodi-
ment of the invention wherein the pad is
formed by a portion of the wick. Only
the front end construction of the pen is
illustrated, since the remainder of the pen
may be similar to the pen illustrated in
Fig. 1 and described above.

The pen includes a barrel 40 having
a pen section 41 carrying a feed bar 42 and
a nib 43 and generally similar to equivalent
elements illustrated in Fig. 1.

A wick 44 co-operating with cell defining
fins 45 is provided which extends along the
feed bar 42 and into feeding relation with
the nib 43, all in a manner generally similar
to that described in connection with the
structure of Fig. 1. However, in lieu of
providing a separate pad at the forward
ends of the capillary cells, a generally
equivalent pad element is provided by ex-
panding the wick laterally, as indicated at
46, to fill the space between the forward
ends of the fins and the rearward end of the
pen section. This is accomplished prefer-
ably by pushing toward each other the
portions of the wick on either side of the
pad-forming section 46 in the nature of
an upsetting -operation, thereby to cause
the wick to bulge laterally.

A modified manner of forming the air
equalizer also is illustrated in Fig. 10. The
air passage 47 may be defined by a tube 48
extending throughout the chamber in the
barrel. At the forward end. the tube 48
enters the end of a passage 49 formed in
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the underside of the feed bar 42 which
passage extends throughout the length of
the feed bar and has its forward end open
to the atmosphere.

It will be understood, of course, that
either of the specific forms of pad illustrated
in Figs. 1 or 10 may be used with any of
the several forms of air passage described
and vice versa.

Referring now particularly to Fig. 11 of
the drawings. the pen includes a pen body
or barrel including a front section 100 and a
rear section 101. detachably connected to
the front section as by a threaded joint
102. The body may be formed of any
suitable material such as metal or a plastic
and preferably is formed from a plastic such
as “‘Lucite”” (methyl methacrylate vesin).
The forward body section 100, which prefer-
ably terminates at its forward end in a
tapered portion 103, is formed with a bore
104 extending longitudinally therethrough
and opens to the exterior of the pen in a
forward opening 105.

Carried at the forward end of the pen
body is a writing element which preferably
takes the form of a pen nib 106. The pen
nib 106 (Figure 12) has the general form of
a portion of a cone and at ifs rear end is
provided with a split ring portion 107
adapted  to resiliently and frietionally
engage against a tapered portion 108 of the
bore and to bear against a shoulder 109 for
the purpose of positioning the nib within
the forward end of the body with only the
forward writing tip projecting therefrom.
The nib 106 is formed with a slit 111 pro-
viding two flexible nib sections 112 and with
a pierce 110 which registers with an air
opening 115 formed in the upper wall of
the forward pen body for a purpose which
will hereinafter appear.

For the purpose of substantially closing
the open forward end of the pen body and
for retaining the feed element, hereinafter
deseribed. in ink feeding relation with the
nib, an end piece or shoe 120 is provided
which has a generally frough shaped body
121 adapted to fit into the tapered vortion
108 of the bore forwardly of the nib 106.
The edges of the bodv portion 121 are
oenerallv complemental in shape tn the
edges of the nib so that the end pieee fits
acainst the nib when these two members
are in position in the pen body. The end
piece is provided with a forward end wall
122 preferably inclined. as illustrated, and
having its periphery conforming generally to
the peviphery of the opening 105 in the end
of the pen bodv and providing, in effect. a
eontinuation of the external contour of the
pen body. The end wall 122 is formed with
an ink inlet opening 123 below the center
theveof for the purpose of admitting ink info
the interior of the pen as hereinafter more

fnlly described.

The interior of the forward body section
adapted to be filled with ink by ecapillary
action when the writing end of the pen is
inserted in a supply of ink. This filling is
effected by a capillary filler element 123
having a plurality of passages or ink storage
spaces therein suitably connected and
adapted to be placed in communication with
the supply of ink and to draw ink therein
by eapillary action. The ecapillary ink
spaces are of such capillarity that they re-
tain the ink therein by céapillary action
when the pen is not in use and permit ink
to be withdrawn therefrom when the pen is
used in writing. The -capillary storage
spaces, together wih the ink feed means
connected hetween these spaces and the nib
slit maintain the ink in the pen entirely
under capillary control at all times and there
is no free body of ink within the pen subject
to influenecies which tend to cause leakage
in fountain pens of the type having a reser-
voir containing a free body of ink.

The capillary filler element 123 includes
a plurality of elongated partitions or fins
126 extending longitudinally of the pen
body and disposed in generallv radial
arrangement to define therebetween a
plurality of longitudinal spaces or passages
129 of generally wedge-shaped cross-section
and of capillary width. The fing 126 ter-
minate inwardly short of the center of the
longitudinally  extend-central space 132
which provides intercommunieation between
all of the capillary spaces 129.

The capillary spaces 129 are each con-
nected in ink feeding relation with the nib
slit 111 by a feed element 130 which is so
formed as to provide a plurality of capillary
passages extending from the inner open
longitudinal edges of the spaces 129 to the
nib slit 111. The capillary feed element
130 may be formed in various ways but
preferably is formed as a wick consisting of
a large number of fibers or threads of suit-
able material. In one specific embodiment
obtained by forming the wick as a bundle
of essentially parallel spun glass filaments.
Other materials which have been found
suitable for forming the wick are animal
or vegetable fibers. or nylon and in one
embodiment the wick was formed of 20
denier nylon threads each consisting of 20
filiments. Preferably the material should
be one which is nof absorbent and which
is not detrimentally affected by inks of the
tvpes used with the pen. The feed element
extends preferably throughout the entire
length of the capillarr filler element and
at the forward end thereof projects beyond
the end of the capillary filler element and
into direct contact with the underside of
the pen nib adjacent the slit therein.
Preferably the feed element iz of sufficent
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length so that it is held against the under-
side of the pen nib and capillary parrvages
are maintained in ink feeding velation with
the nib slit.

Equalization of pressure between the
interior and exterior of the pen is effected
by providing an air pressure equalizer or
vent passage which extends longitudinally
of the capillary filler element preferably
throughout the length thereof and com-
municates with all of the capillary ink
spaces in the capillary filler element. The
vent passage preferably is provided by so
forming the capillary filler element that a
generally wedge shaped passage 131 is pro-
vided which extends inwardly into com-
munication with the central space 132.
The vent passage 131 communicates with
ink of the cells in a manner hereinafter
described in detail. The vent passage
181 extends to the space forwardly
of the filler element which is in
communication with  the atmosphere
through the nib pierce 110 and the air inlet
opening 115. In certain cases it may be
found desirable to provide a space within
the interior of the pen body at the rear of
the eapillary filler element which serves
to eonnect the rear ends of each of the
capillary spaces 129 with the rear end of
the air vent passage 131.

In order to provide the maximum ink
capacity in a pen of any predetermined
size, the ratio of total void space to the
total volume of space within the ink reser-
voir is made as great as possible, consistent
with the requirement that the ecapillary
spaces be of suitably small width to provide
the necessary capillarity to, draw ink into
these spaces and retain it therein by ecapil-
lary action. Accordingly, the fins formirg
the capillary filler element are made as thin
as practicable consistent with  mechanical
strength and rigidity thereby providing as
great a number as possible of capillary
spaces or cells of predetermined wall-to-
wall width or thickness.

Tt will be understood that the narrower
the cells the greater will be the eapillarity
exerted thereby on ink contained in the
cells. The cells are made of such width
that they exert sufficent capillarity to draw
ink therein during filling to fill the cells
substantially throughout then entire lengths
and to retain ink therein when the pen is
not in use. The capillarity of the cells.
however, is not so great as tn prevent ink
from being withdrawn frow the cells by

- capillary aciion  established between the

writing tip of the nib and a writing surface
when the nib is placed in contact with the
writing swface during writing. In or der

t5 ensure that ink will he drawn into ‘the

capillary cells during filling, when the end
of the pen is inserted in a “supply of ink, it

is necessary that the cells have such capil-
larity as will lift the ink substantially to
the top-most portion of the cells, at least
at the narrowest portion adjacent the feed
element, when the pen is held in filling
position. The width of each portion of each
cell at any point throughout the length of
the cell theoretically should be such as to
provide the necessary capillarity to lift a
column of ink to that particular point of the
cell dwring filling. However. for con-
venience in manufacturing, the cells are
not dimensioned so that they inerease in
capillarity continuously from the writing
end of the pen toward the rear end of the
pen. In the two embodiments of the in-
vention shown in Figs. 1—10 and 27—31,
each cell ig of uniform capillarity through-
out its length, but in the three embodiments
shown in Flgs 11—20, 21—24, and 25 and
26, the filler element is formed by a plura-
lity of longitudinally adjacent sections in
each of which the cells are of greater capil-
larity than the section next nearer the
“mtlno end of the pen.

This progressive increase in capillarity
may be accomplished conveniently in =a
capillary filler element of the econstruetion
illustrated in Fig. 15 by providing a greater
number of cells in the sections in which it
is desired the cells shall have the greater
capillarity. Tor example, the ecapillary
filler element 125 is formed by three sets of
fins 126, 127, and 128, the fins in the three
sets being of different lengths. Thus, the
cells provided in the forward section of the
capillary filler element are defined onlvy by
the long fins 126; the cells provided in the
second or intermediate section of the capil-
lary filler element are defined by the long
fins 126 and the fins 127 of intermediate
length and the cells formed in the third or
rear section of filler element are defined
by the fing 126, 127 and the short fing 128.

The foregoing will be understood some-
what more clearly from an inspection of
Fig. 18 of the drawings and from the follow-
ing description of one mode of forming the
filler element.

The capillary filler element mayv be
formed in various ways, it being understood
that the construction is such that the fins
are suitably retained in radially extending
position with their inner ends suitably
spaced and their outer ends also spaced
but at a greater distance than the inner
ends so that the true radial arrangement
and desired spacing of the fins is preserved.
Preferably the fins of each set are equally
spaced in order that the cells all are of
similar cross-sectional dimension. The fins
may be formed of any suitable thin sheet
material, which has sufficlent mechanical
strength and -rigidity, which is not deteri-
orated by the ink, and which does not
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adversely affect the ink. The fins may be
formed either from a suitable metal foil as,
for. example, silver, or from a plastic
material, such as cellophane; for eonveni-
ence in forming the filler element , T prefer
to use a plastic.

One convenient mode of forming the
fins into a filler element comprises arranging
strips of thin plastic material of suitable
dimensions in a repeated series, each of
which series includes a strip of short
length, a strip of intermediate length, a
seeond short strip. and a long strip. The
strips are disposed in parallel arrangement
and spaced by spacing elements 185 of
suitable thickness to provide the desired
spacing and a width approximately equal
to the desired width of the fins in the fin-
ished filler element. The strips are of
sufficient width to extend beyond the side
edges of the spacing members 135 a dis-
tance equal to at least the thickness of
three spacing members and the corres-
ponding strips. With the strips and
spacing members held in compact condition
the extending marginal portions of the strips
are bent over at approximately 90° to the
main or body portions of the strips so that
each marginal portion overlies the bent
over marginal portions of the next several
strips, as illustrated somewhat diagram-
matically in Fig. 17 of the drawings. Where
the strips are of plastic material, the bent
over marginal portions may then be united
by the application of sufficient heat to cause
them to fuse to one another and to take
2 permanent set in the bent over position.
Thus, there is provided a unitary structure
in which the bent over and overlapping
marginal portions of the strips form, in
effect, a substantially continuous backing
web from which the body portions of the
strips project substantially perpendiculariy
and form spaced parallel Hlanges or fins.

I prefer to attach to the outer face of the

~ aforesaid web a separate backing sheet 136

<t
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which is fused to the web and thereby
provides added strength to the strueture
and ensures the unitary nature of the
structure. That is to say, by providing a
single unitary backing sheet, several strips
wil be retained in econnected condition even
in the event that one or more of the strips
should not originally be securely connected

~to the adjacent strips or should later be-

come disconnected. The backing sheet 136
is applied to the bent over marginal portions
and is fused thereto. Preferably the fusing
is accomplished by applving heat and pres-
sure simultaneously which serves to “‘iron’”
over the marginal portions and provide «
relatively smooth and flat backing web.
The spacers 135 are then removed. The
assembled structure resulting from the fore-
going operations is illustrated somewhat

diagrammatically in Figs. 18 and 19 of the
drawings.

The assembled structure is then “‘volled™
into eylindrical form with the free ends of
the fins innermost and the backing web
outermost. The inner ends of the fins at
the two side edges of the structure are
brought into abutment but the outer edges
do not come together but are spaced apart
a sufficient distance to provide the vent
passage 131 as illustrated in Figs. 13 and
14. It will be understood that the
assembled strueture may be held in rolled
exlindrical form in any desired manner but
preferably the dimensions of the filler
element are such that it snugly fits within
the ink reservoir space and is held in the
desired cylindrical form when thus inserted
therein.

Preferably, prior to rolling the structure
into exlindrical form the feed element or
wick 130 is laid onto the free ends of the
fins and the structure rolled around the feer
element to substantiallv enclose the latter
when the filler element is rolled as above
described.

Tt will be seen from the foregoine that
the attachment of the marginal portions of
the fin-forming strip= to each other ensures
thar the fins are suitably spaced from each
other at their outer edge portions. Means
preferably are provided fnr spacing the
inner edge portions of the fins in order to
manitain the desived <pacing when the
structure is rolled int» exlindrical form.
Such means preferably takes the form of
corrugations 137 formed on the inner edges
of alternate fins which ecorrugations are
adapted to abut the inner edge portions of
adjacent fins when the structure is rolled
into cvlindrical form.

The ecapillary filler element 123 is «o
formed that its external contour conforms
substantially with the internal shape of the
interior of the forward hody section where-
by the capillary filler element is snugly held
in the pen body and the maximum utiliza-
tion of space within the pen body ix en-
sured. Thus. when the forward end of the
reservoir is tapered. and the filler element
extends into such tapered portion, that
end of the filler element isx similarly
tapered. ]

This may be accomplished in any <uit-
able manner, as. for example. by providing
a plurality of notehes in the forward edse
of the backing sheet to provide a series of
tongues therein and by tapering the forward
ends of the correspanding fin-forming strips,
the tongues being pressed down onto the
strips when the strips are attached to the
backing strip.

The capillary filler element is of <uch
length that it terminates short of the
extreme forward end of the pen body and
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therefore a space 188 is provided between
the forward end of the capillary filler ele-
ment and the floor 122 of the end piece,
which accommodates the projecting end
of the feed element 130. This projecting
end abuts the underside of the nib and the
inner face of the floor 122 and the capillary
passages defined by the feed element are
placed in ink-feeding communication with
the nib slit.

Communication between the air vent
passage 131 and each of the several capil-
lary cells 129 is provided, preferably at
spaced points throughout the length of the
capillary filler element, by annular pas-
sages 139 which are spaced longitudinally of
the capillary filler element. Preferably the
passages 159 are formed by cutting grooves
in a capillary filler element which grooves
extend through the backing sheet and web
and are cut into the fins at their outer
marginal portions thereby providing rela-
tively free air communication between the
air vent passage 181 and the several capil-
lary spaces 129.

The pen is filled by inserting the writing
end of the pen into a supply of ink prefer-
ably & sufficient depth to immerse the ink
inlet opening 128 and place the capillary
passages 129 in the filler element 125 in
direct feeding relation with the supply of
ink. Ink is drawn into the filler element
125 and also the feed element 180 by capil-
lary action and rises therein by capillary

action to fill the capillary spaces therein.

Air which is in the capillary spaces 129
is forced therefrom by the incoming ink and
finds its way out of the pen through the
annular air passages 139, air vent passage
131, the nib pierce 110 and the air port
115. If desired, an air outlet passage and
port (not shown) may be provided in the
rear body section 101 for additional venting
of the pen. Where the end of the pen is
inserted into the supply of ink to such an
extent that the air port 115 is below the
level of the ink such manipulation will not
prevent filling of the pen inasmuch as the
capillary force exerted on the ink tending
to raise it in the capillary filler element is
sufficient to overcome the head of ink above
port 115 in the ink supply and cause air to
bubble up through the ink supply. How-
ever, it may be preferable to open the rear
end of the pen by slightly unscrewing the
rear section 101 during filling.

Owing to the fact that each of the capil-
lary cells is placed in direct comunication
with the ink supply the several cells will
fill even though one or more of the cells
should for any reason become blocked or
fail to fill. However, owing to the con-
struction of the cells, there is virtually no
possibility of any of the cells becoming
blocked, as for example by the formation

of an air bubble which if allowed to form
in the cell might prevent ink from being
drawn upwardly in that cell. The present
invention substantially eliminates any
possibility of an air bubble forming in any
of the cells and causing an “‘air lock’.
Lach of the cells is of wedge-shaped cross-
section and therefore the inner edge portion
of the cell is narrower and of greater capil-
larity than the outer portion of the cell.
Accordingly, ink tends to rise along the
inner portion of each cell in advance of the
ink at the outer portion of the cell. Thus,
if an air bubble should tend to form at any
portion of the cell, the ink would rise along
the inner portion of the cell past such point
and establish a continuous body of ink longi-
tudinally of the cell thereby breaking up
any such incipient air bubble.

In writing, when the point of the pen
nib is placed in contact with the writing
surface, the ink which is held in the nib
slit by capillarity is withdrawn therefrom
by the capillarity established between the
nib and the writing surface, this capillarity
being sufficient to overbalance the capil-
larity of the capillary system within the
pen which holds the ink in the pen. The
pen nib slit has a higher capillarity than
the feed element 130 and draws ink from
the latter to replace ink withdrawn from
the nib slit. TIn a similar manner the capil-
lary passages in the feed element 130 have
a greater capillarity than the capillary cells
of the filler element and thus withdraw ink
from the latter to maintain the feed element
150 in substantially saturated condition, at
least to the height above the writing end
of the pen to which ink stands in the
several capillary cells. Inasmuch as the
capillarity of the several cells increases in-
wardly toward the feed element 180, ink
is drawn inwardly of the pen and toward
inner side edges of the capillary cells at
which point it is drawn into the feed ele-
ment 150. The capillary cells 129 in
general are emptied from the rear toward
the front end of the pen and therefore ink
stands in the forward end of the cells until
they are substantially emptied.

Because of the fact that each cell has
an increasing capillariby toward the inner
side edge ‘portion thereof which is in com-
muneciation with the feed element and since
the passages in the feed element have
greater capillarity than the cell, ink is
drawn from the cell toward and into the
feed element and is delivered thereby to
the nib. Thus, even after long periods of
nonuse, during which the pen may be
maintained in inverted position, a continu-
ous column of ink will extend from the cells
to the nib and the pen will remain in condi-
tion for substantially instant writing. This
cell construction also -ensures subsban-
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tially complete withdrawal of ink from the
cells since the ink is drawn from the outer
portions of lesser eapillarity toward the
inner portions of greater capillarity and
thence into the feed element. In addifion,
each cell is connected substantially through-
out its length dirvectly to the feed element
which construction ensures that ink
will be drawn direetly from the cells
into the feed element throughout the
principal portion of the length of the
feed element. This contributes toward
certainty of feed and substantially com-
plete withdrawal of the ink from the
cells.  Moreover, there is substantially
no possibility of air locks in the cells such
as might otherwise prevent substantially
complete withdrawal of ink and thus reduce
the effective capacity of the pen.

Air to replace ink which is withdrawn
in writing enters the pen through the air
port 115, the nib pierce 110 and the air
passage 131. Trom the air passage 131 air
is drawn into the cells at the rear ends
thereof and also by way of the annular
air passages 139. Thus, ink is fed to the
nib under capillary control at all times
and the pen is not subject to any blocking
of the flow by reason of a decrease in thie
air pressure within the pen.

In one practical embodiment of the in-
vention comprising a fountain pen as illus-
trated in Figs. 11 to 15 of the drawings and
having overall exterior dimensions approxi-

- matelv equal to those of a convention:l

fountain pen. excellent results were ob-
tained by employing a capillary filler ele-
ment having an overall length of approxi-
mately 2” with itx forward end extending
to the nib pierce and approximately 17
from the writing end of the nib. The filler
element was eomposed of 83 fing each
0.0017 thick and approximately 0.120”7
wide. The overall diameter of the capillary

- filler clement was approximately (1329”7

and the central space was approximately
0.080” in diameter; the width of the air
vent at its outer portion was approximatelv

- 0.070”. The fins of the longest series were
- approximately 2” in length, the fins of the

intermediate series were approximately
1.40” in length and the fins of the shortest
series were approximately 1.05” in length.

. There were 20 fins of the longest series,

21 fing of the intermediate series and 42
fins of the shortest series. The capillary
cells in the forward section of the capillary
filler element each had an outer cell thiek-
ness of approximately 0.044” and an inner
cell thickness of approximately 0.0117; the
cells in_the intermediate section of the filler
element had an outer cell thickness of
approximately 0.0217 and and inner cell
thickness of approximately 0.005”. The

65 capillary cellz in the vearmost section of the

apillary filler element had an outer cell
thickness of approximately 0.010” and an
inner cell thickness of approximately 0.0U2”
The pen had a refill eapacity of approxi-
mately 1.4 grams of ink, that is, upon re-
peated filling aud writing out. the pen
upon each refilling operation took in
approximately 1.4 grams of ink.

It will be understood that the present
invention is not limited to the dimensions
above stated and it will be understood that
variations may be made in the dimensions
given without departing from the scope of
the inventinn as defined by the appended
claims.

In certain cases it may be found prefer-
able, instead of forming the capillary filler
element from a plurality of fins of different
lensths, as above described. to form it in
a plurality of separate but abutting sec-
tions in each of which there are a different
number of fins providing a different number
of eapillars cells of corresponding different
capillarity.  That is to say. the several sec-
tions forming such ecapillary filler element
define cells of different capillarities the
cells in the rearwardmonst section being the
most numerous and of the greatest capillar-
ity and the cells in the forwardmost sec-
tion being the fewest and having the least
capillavity and the cells in the intermediate
section or sections having intermediate
capillavities progressively inereasing from
the forward end toward the rearward end
of the pen.

A pen embodving the foreaning type of
capillary filler clement is illustrated in Fios.
21 tn 24 of the drawings. to which reference
now is made. The pen mayv emhbody any
sinitable type of casing or hody but prefer-
ably the body includes a main or central
section 140, a forward section 141, prefer-
ably tapering toward its forward end, an
intermediate section 142, and a rear section
143 all of the sections preferably are con-
nected by threaded joints, as illustrated.
A frietion ring 148¢ may he provided if
desired at the junecture of the central
and forward sections for co-operation
with a slip eap of known construction.
The central and forward seetions of the
pen  bady are of generally hollow
form and. together define a chamber 144
adapted to receive either a capillary filler
element or a cartridge structure of the type
hereinafter deseribed in detail and including
a eapillary filler element and feed. -

The forward end of the forward hody
seetion 141 is provided with a hore 145
which extends throush the forward end of
the pen bady and iz adapted to receive
a writing element which preferably takes
the farm of a pen nib 146. The pen nib
max be of known form and ineludes a split

exlindrical body portion 147 and a tapered
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writing end portion 148 provided with a
pierce 149 and a slit 150. For the purpose
of permitting flexing of the writing end of
the pen nib and for maintaining a body of
ink adjacent the nib pierce and slit, where-
by the same are always maintained flled

with ink and in condition for instant writ-.

ing, a slight space 151 of capillary thick-
ness is provided above the pen nib. This
space may be provided by forming a
counterbore 152 in the forward end of the
pen which counterbore is of slightly greater
diameter than the pen nib. :

A capillary filler element is disposed in
the chamber 144, which filler element is
constituted by a plurality of sections 155,
156 and 157. While three such sections
are shown in the present application it will
be understood that any suitable number
might be provided and that the capillary
filler element may consist of two, three or
more sections as desired. Each of the sec-
tions of the capillary filler element is
formed preferably in a manner generally
similar to the capillary filler element 125
except that the fins in any one section are
of the same length and therefore all of the
cells in any section are the same. That
is, the fins 158 forming the section 155 are
all of the same length. In a similar
manner the fins 160 forming the section
157 are all of the same length although
preferably they are of a different length
from the fins 158.

A feed element 161, which may be gener-
ally similar to the feed element 130 shown
in Fig. 10 of the drawings, extends cen-
trally of the several sections 155, 156 and
157 of the capillary filler element. Prefer-
ably the feed element 161 ix formed as a
single element extending substantially
throughout the length of the entire capil-
lary filler element and has a forward por-
tion 162 which extends to abut with the pen
nib adjacent the slit 150.

For the purpose of retaining the several
sections of the capillary filler element and
the feed element in assembled relation I
preferably provide an inner or cartridge
casing member 163 formed of suitable ma-
terial such as a plastic or thin metal, and
preferably the latter. The cartridge casing
163 is shaped and dimensioned to snugly
receive the several sections of the ecapillary
filler element and to fit snugly within the
pen body. Accordingly, the cartridge cas-
ing 163 may be tapered at its forward end
but preferably it is formed with a plurality
of eyvlindrieal sections 164 and 165 of pro-
gressively decreasing diameters, suitably
dimensioned so that thev fit within the
tapered forward bodyv seetion 141. The
sections 164 and 165 are of cylindrical
rather than tapered form thereby permit-
ting the use of capillary filler sections of

cylindrical shape which as will be under-
stood are somewhat easier to manufacture
than sections of tapered form. The several
sections 155, 156 and 157 are made to fit
snugly in the corresponding sections of the
cartridge casing and thus are held in proper
position. In order to ensure that the
capillary cells in each of the sections of
the filler element are maintained in com-
munication with the cells of the next adja-
cent section, the sections are held so as
to abut firmly. This is ensured by making
the sections 155 and 156 of slightly greater
length than the corresponding portions of
the casing so that these sections project
rearwardly from such portions.

The cartridge casing 168 is provided with
a forward, generally cylindrical extension
166 of reduced diameter adapted to extend
through the ecylindrizal nib 146 which ex-
tension serves to confine the portion of the
feed element 161 wh'eh extends beyond
the forward end of the capiilary filler ele-
ment and at the same time to retain the
forward portion 182 of the feed element in
contact with the under side ot the nib.
The extension 166 i provided with a for-
ward end wall 167 conformiug generally to
the contour of the pen body at this portion
and which serves to confine the end 162
of the feed element. An opening 168 is
provided in the upper wall portion of the
extension 166 at the forward end thereof
which permits the forward pottion 162 of
the feed element 161 to abut the under-
side of the pen nib 146.

The cartridge casing 163 is provided with
an inwardly projecting, grooved portion or
bead 168 which extends preferably through-
out the length of the casing 163. The bead
168 thus provides between the casing 163
and the adjacent portion of the pen body
a passage 169 which extends forwardly to
an air port 170 and which extends rear-
wardly to the end of the cartridge. The
passage 169 thereby constitutes an air vent
passage which is in communication with
the exterior of the pen through the port 170
and is in communication with the rear ends
of the capillary cells defined by the capil-
lary filler element through the space 171
rearwardly of the capillary filler element.
Preferably a perforated plate or sereen 172
extends across the rear end of the cartridge
casing 163 for the purpose of retaining the
capillary filler element in the casing and
is suitably held in place, as by abutment of
the ‘end section 148. The screen is suffi-
ciently open to permit air to pass freelv
therethrough between the rear ends of the
capillary cells and the chamber 171.
~ Th bead 168 mayv be utilized to maintain
the desired spacing between the endmost
fins of each section of the capillary filler
element to thereby provide an air vent
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passage 173 which extends along each of
the sections of the capillary filler element.

The section 165 of the inner casing 169
is provided with an end wall 174 formed
with a plurality of openings 175 and the
adjacent end wall of the chamber 144 in
the forward body section iz forwardly in-
clined to provide a space 176 which is in
communication with the bore 145. A
plurality, preferably two grooves 177 and
177¢ of U-shaped cross-section are formed
in the walls of the bore 145 and extend
from the space 176 to the end of the body:
thus ink mayv enter the interior of the cas-
ing 163 through the forward end of the pen
during filling.

In filling the pen the forward end of the
pen is inserted in a supply of ink preferably
of sufficient distance to Immerse the end
of the pen at least as far as the ends of
the fins 158. Ink is drawn into the pen
through the counterbore 152, the passage
177, the space 176 and the openings 175
and thence into the capillary filler element;
ink also is drawn into the pen through the
passage 177a above the nib 146 and into
the space 176. Ink rises in the capillary
spaces in a manner similarly to that des-
cribed hereinbefore. Air which is in the
capillary spaces at the beginning of the
filling operation is expelled by the incom-
ing ink and passes out of the capillary
spaces through the sereen 172, the chamber
171 and thence through the air vent passage
169 and out through the air port 170.

In writing, ink is drawn to the nib from
the ecapillary spaces in a manner generally
similar to that described in connection with
the embodiment of the invention illus-
trated in Fig. 11 of the drawings. Air to
replace ink which is withdrawn in writing
is drawn into the pen through the air port
170 and passes to the eapillary cells in a
direction reverse to that in which air is
expelled from the cells during filling.

Instead of forming the feed element 161
as a fibrous wick, as illustrated in Fig. 22
of the drawings. this may be formed as a
solid bar as illustrated in Figs. 25 and 26.
The feed element 178 may be formed of any
suitable material but preferably is formed
of a plastie such as ““Lucite””. This mem-
her preferably is formed with an elongated
evlindrical body portion 179, adapted to ex-
tend substantially throughout the length
of the capillary filler element. and a for-
ward extension 180 which may be of
slightly greater diameter than the body
portion 179 and which is adapted to fit
snugly in a forward tubular extension 166¢
of the inner casing 163¢ and an enlarged
head 180a adapted tn abut the forward end
of the extension 166a to position the feed
element 178 within the casing 163¢. The
feed element 178 is formed with a feed slot

181 preferably of capillary width, extending
throughout its length and preferably at
least two such slots are provided. The
slots 181 provide capillary ink feed ducts
which serve to deliver ink by capillary
action from the capillary filler element to
the nib in a manner generally equivalent
to that in which the feed element 161
serves to feed ink to the nib as above des-
cribed. The ink feed slots 181 extend at
their forward ends to the underside of the
nib and are in communication with all of
the capillary cells by the pravision of trans-
verse feed slots 182 of eapillary  width
which are arranged in a spaced series longi-
tudinally of the feed element 178 and which
extend circumferentially around the feed
element 178 and inteisect the longitudinally
extending feed slots 181.

Referring now to the form of pen shown
in Figs. 27 to 80, the barrel 185 is a hollow
elongated tubular member and may be of
any desired cross-sectional shape; however,
in the embodiment shown the barrel Is
circular. The front end of the barrel is
adapted to receive a conventional type of
closure cap 184 provided with a clip 185.
The cap may be secured to the barrel by
means of threads 186 or by frictional en-
gagement, as desived. The rear end of the
barrel 183 is closed by a removable cap
187 which, in the embodiment shown, is
secured thereto by threaded engagement
with the threaded end 188 of a tuhulay
member 189 which extends into the barrel
183 and is embraced by the inner wall of
the barrel in close fitting frietional engage-
ment therewith. DPreferably, the barrel 185
is counterbored to receive the member 189
and the latter is of the same interior dia-
meter as the normal diameter of the barrel.

The front end of the barrel 183 is pro-
vided with a removable sheath member 190
which engages the interior of the Dbarrel
in close fitting frictional engagement. the
portion extending into the barrel being
preferably of reduced diameter in order to
avoid any offset between the exterior .f
the barrel 183 and the sheath 190. 1f
desired, the sheath may be secured to th-
barrel by threaded engage:wn-nt therewith
The member 190 functions as an extensio
of the barrel and as a guard for the writing
nib 191. The nib 191 is of eanventioral
type, being provided with a writing wn
192 and the usual ink <ot (nof <.-avn) =x-
tending from the tip back a suvatantial dis-
tance toward the rear of the wmib 191. The
nib 191 is secured in cloge frictional engage-
ment between the sheath 190 and the feed
member 193.  The feed member 195 is pro-
vided with conventional transverse slots
194 to form a suitable “‘comb” arrance-
ment for holding any excess ink. The ex-
terior of the feed member 198 is preferably
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relieved as indicated at 195 to receive the
rear portion of the writing nib 191. The
sheath is offset at 196 in order to provide
a guard portion 197 spaced from the nib
191, The feed member 193 engages the
interior of the sheath 190 in close fitting
frictional engagement.

The interior of the barrel 183 is filled with
o large number of small tubes 198 which
are longitudinally disposed within the
barrel. These tubes 198 extend through-
out the length of the ink chamber portion
of the barrel 183, the tubes at their rear
ends terminating adjacent a metallic
screen guard 199 or other suitable perfor-
ated guard member, and the tubes 198 at
their front ends terminate at a point adja-
cent the front end of the barrel 188, prefer-
ably just short of the sheath member 190.
The tubes 198 are of an interior diameter
such that each of fthem functions as a
capillary longitudinal passage. The tubes
198 may be of glass, metal, plastic or any
other suitable material.

The interior of the barrel 188 is provided
with a tube 200, the rear end of which
terminates bevond the outer side of the
screen guard 199 and the front end of which
opens into a passage 201 in the feed mem-
ber 193, the passage 201 being provided
with a vent 202. The tube 200 has an in-
terior diameter which is sufficient that it
will not materially function as a capillary
passage. By means of this arangement
the pressure in the rear of the barrel 183
is always the same as the pressure in the
front end of the barrel and such pressure
equality is constantly maintained irrespec-
tive of sudden changes in temperature or
atmospheric pressure.

Iach of the tubes 198 should have an
interior diameter such that when one end
is dipped into a supply of ink a capillary
action will result whereby the ink will
flow into the tube and substantially com-
pletely fill it within a reasonably short
interval of time. However, the diameter
of the tubes, should be sufficiently large to
permit the flow of ink from the tubes when
the pen is in use. With tubes of too small
diameter most, or in some instances sub-
stantially all, of the ink will remain in the
tubes as the capillary action may.be so
strong as to tend to “lock’ the ink within
the tubes.

In order fo avoid possible “‘locking’” of
ink in the tubes, particularly because of
air bubbles. and to ensure that substan-
tially all of the ink will flow from the tubes
198 to the writing nib 191, there extends
throughout the length of each tube 198
a small thread 203 of fibrous material. Tt
is preferred to extend each length of thread
from the front end of each tube 198 and
converge them into a mass or bundle 204

which is cairied in a suitable chanuel 205
provided in the upper side of the feed
member 198 and extending along the under
side of the writing nib 191 and terminating
just short of the writing tip 192. By this
arrangement the ink will flow along the
fibres of the threads to the writing nib, the
capillary action of the threads assuring
that the flow will continue until the supply
of ink in the tube 198 is substantially ex-
hausted. The threads 203 may be made
of any suitable fibre; however, I prefer to
employ a non-absorptive type of fibre such
as “‘Nylon"’, glass or the like.

Practice has demonstrated that satis-
factory results have been obtained em-

oloying glass tubes having an interior di-°
y t=TE =] . te}

ameter of from about 0.013 to 0.018 inches
and a 40 fibre *‘Nylon’’ thread of about 40
denier. )

In the embodiment shown, the threads
208 are longer than the minimum length
necessary to extend throughout the length
of the channel 205 of the feed member 193,
whereby when the pen is in assembled con-
dition, the extra length of the threads re-
sults in sufficient ‘‘bunching’” of the
threads, as shown at 206 of TFig. 27 to
cause the threads to substantially fill the
enlarged space between the ends of the
tubes 198 and the channel 205, thus assur-
ing sufficient capillary action to cause sub-
stantially all. of the ink to flow from the
tubes 198 into and through the channel 205.

It is to be understood that the longitu-
dinal capillary passages in the barrel 183
may bé formed by suitable means other
than the tubes 198. TFor example, these
capillary passages may be formed as shown
in I'ig. 81. In this particular embodiment
the barrel is filled by a plurality of coaxial
eylinders, each formed by rolling together
twor sheets of suitable material, such as
plastic, thin metal or the like, one of the
sheets lhaving a smooth even surface and
the other being transversely undulated or
corrugated to form, in co-operation with
the even surfaced sheet, the capillary
passages 207. Tach passage 207 is pro-
vided with a thread 208 which may be
place in position during the rolling process.

Since u fountain pen built in accordance
with my invention is inherently capable of
adapting itself to sudden changes of atmos-
pheric pressure, the caps 184 and 187 may
engage the barrel 183 in an air tight
manner, both of fthe caps 184 and 187
being ventless, ‘whereby the interior of the
pen is completely sealed. Thus, even
though the pressure within the pen may
be materially different from that of the
surrounding atmosphere, upon either cap
being removed. the pressure in the opposite
end of the barrel will, by reason of the
free communication provided by tube 200,
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- front cap 184 be rémoved.

immediately change so as to be equal to
that at the end from which the cap has
been removed.

In operation of the pen hereinabove des-
cribed, the rear cap 187 is removed and
the rear end of the barvel iz dipped into
a supply of ink, Any air trapped in the
open end 188 of tubular member 189
escapes through holes 208 as the end 188
enters the body of ink. The barrel is
dipped into the ink to a sufficient depth tn
cause the ink to come into eommunication
with the open rear ends of the tubes 108
whereupon the ink will flow upwardly into
the tubes by capillary acfion. During the
filling operation, it is desivable that the
After-the neces-
sary time interval to permit the filling of
the longitudinal ink passages, the eap 187
is restored and the pen is ready for use.
The capillary action of the threads 203 is
such as to assure a prompt and constant
flow of ink from the longitudinal eapillary
ink passages in the barrel 183 to the writing
nib 191.

Having now particularly deseribed and
ascertained the nature of my said invention
and in what manner the same is to he
performed, I declare that what I elaim
51—

1. A fountain pen including a pen body
or housing having a reservoir section and
a feed section with a writing element
carried at one end of the pen body. a eapil-
lary filler and ink storage element in said
reservoir section having walls defining an
ink storage space of sufficient eapillarity to
draw ink thereinto by capillary attraction
when the filler and ink storage element is
placed in communication with a supply of
ink and to retain ink therein by capillary
attraction when the pen is not in use.
characterised in that the ink storage space
includes a plurality of substantially parallel
elongated eapillary passages or cells extend-
ing longitudinally substantially throughout
the filler and ink storage element, each of
said passages or cells embodying means ex-
tending longitudinally therealong which is
of greater capillarity than the remainder
of the passage or cell, for ensuring con-
tinuity of the body of ink in the passage or
cell, and further characterised by ink feed
means providing a capillary passage or
passages of at least as great capillarity as
said means extending longitudinally along
said passages or cells for connecting said
cells in capillary ink feeding relation to
said writing element.

2. A fountain pen as claimed in Claim
1 in which said passages or cells are de-
fined by walls which are closer together
at one part of the cross section of =aid
passages or cells so as to form said means
of greater ecapillarity.

5. A fountain pen as claimed in Claims
1 or 2 in which said passages or cells ave
defined by radially arranged walls forming
substantially wedge shaped passages or
cells.

4. A fountain pen as claimed in either
of claims 2 or 3 in which the inner edges
of said walls are spaced apart by projections
on alternate walls adapted to abut against
adjacent walls.

a. A fountain pen as claimed in any of
the preceding elaims in whieh the portions
of said cells or passages farther from the
writing element are narrower and of greater
capillarity than those nearer the writing
element.

6. .\ fountain pen as claimed in Claim

5 including a larger number of narrower
cells or passages at the end thereof farther
from the writing element than at that
nearer the writing element.
7. A fountain pen as elaimed in Claim
6 in which said cells or passages are defined
by partitions of varving length arranged
alternately so that some of said partitions
extend over only a part of the filler and
ink storage element whilst others extend
over substantiallv ithe whole of said
element.

8. A fountain pen as claimed in any of
Claims 5 to 7 in which the capillarity at
any portion of the filler and ink storage
element is approximately proportional tao
the distance of such portion from the writ-
ing element.

9. A fountain pen as claimed in any of
Claims 5 to 8 in which the filler and ink
storage element comprises a number of
separately formed sections of different
capillarity, the sectinns being of inereasing
capillarity the farther they are from the
writing element.

10. A fountain pen as claimed in any
of the preceding claims in which a longi-
tudinally extending space is provided sub-
stantially centrally of said filler and storage
element with which all of said cells or
passages communicate.

11. A fountain pen as claimed in Claim
10 in which all of said cells or passages are
npen along their inner edges so as to com-
municate with said longitudinally extend-
ing space. '

12, A fountain pen as elaimed in Claims
10 or 11 including a wick-like feed element
dispnsed in said Iongitudinally extending
space and serving to connect =aid cells or
passages in ink feeding relation to said writ-
ing element.

13. A fountain pen as claimed in Claim
10 or 11 including a rigid feed bar having
one or more capillary passages thervein dis-
posed in said longitudinally extending space
and serving fo eonnect said cells or passages
in ink feeding relation to said writing
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14. A fountain pen as claimed in any of
the preceding claims in which said passages
or cells are open at both their ends, the
front ends being connected in ink feeding
relationship to the writing element and the
rear ends being connected to an air vent so
as to maintain substantially atmospheric
pressure in the interior of the pen.

15.© A fountain pen as claimed in any
of the preceding claims including an air
vent chamber at the rear end thereof and
an air outlet port adjacent the writing end
thereof, a wvent passage being provided
which connects said chamber and said port.

16. A fountain pen as claimed in Claim
15 in which two or more vent passages are
provided said passages being located at the
exterior of said cells or passages adjacent
the wall of the pen body.

17. A fountain pen as claimed in Claim
15 in which said vent passage comprises a
wedge shaped passage formed between two
of said cells or passages.

18. A fountain pen as Claimed in any
of Claims 15 to 17 in which said cells or
passages have openings in their walls to
provide communication with the air vent
passage at points spaced along said passage.

19. A fountain pen as claimed in any
of the preceding claims in which openings
are provided in the walls of said cells or
passages to provide communication between
adjacent cells or passages.

20. . A fountain pen as claimed in Claim
12 including a shoe like member adapted
substantiaily to close the end of the pen
and serving to retain said wick like feed ele-
ment in ink feeding relation with the writ-
ing element.

21. A fountain pen as claimed in any
of the preceding claims having a nib with
a capillary slit therein the capillary passage
or passages of said feed element being in
ink feeding relationship with said capillary
slit.

22. A fountain pen as claimed in any of
the preceding claims in which the filler and
storage element and the feed means ave
housed in a casing and are removable there-
with as a unit from the pen body.

23. A fountain pen as claimed in Claim
22 in which said pen body and said casing
are each provided with a filling opening at
their front ends serving to admit ink when
the front end of the pen is inserted into
a supply of ink.

24. A fountain pen as claimed in any
of the preceding claims including a tube
of larger than capillary size which com-
municates at one end with the interior of
the pen body and at the other end with
the exterior of the pen body.

25. A fountain pen as claimed in any
of the preceding claims in which the filler
and ink storage element is formed by a
plurality of thin strips of material each
having a marginal portion bent over and se-
cured together in spaced relationship to each
other to form a web of said strips defining
a plurality of capillary cells or passages.

26. A fountain pen as claimed in Claim
1 in which said cells or passages are formed
by a plurality of elongated capillary tubes.

27. A fountain pen as claimed in Claim
26 in which each of said tubes has a wick-
like feed element extending therethrough
of greater capillarity than the remainder
of the tube.

28. A fountain pen as claimed in Claim
27 in which the ends of said wick-like feed
elements are brought together into a single
feed element in feeding relation with the
writing element.

29. A fountain pen as claimed in Claim
1 in which said cells or passages are formed
by a plurality of coaxially arranged cylin-
ders corrugated so as to form said cells or
passages, a wick-like feed element being
disposed in each of said cells or passages.

30. A fountain pen substantially as des.
cribed or as shown in the accompanying
drawings.

Dated this 27th day of November, 1947.

For the Applicant,
FRANKX B. DEHN & CO.,
Chartered Patent Agents,
Kingsway House, 1038, Kingsway,
London, W.C.2.

Abingdon : Printed for His Majesty’s Stationery Office, by Burgess & Son (Abingdon), Ltd.—1950.
Published at The Patent Office, 25, Southampton Buildings, London, W.C.2, from which
copies, price 28. 0d. each (inland) 2s. 1d. (abtoad) may be obtained,
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[This Drawing is a reproduction of the Original on a reduced scale]
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