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This invention relates to ball point pen ink tubes and 
more particularly to an improved ink tube which is leak 
pr'oof even under dry socket conditions at the ball point 
and yet recoverable for writing when the dry socket con 
dition has been eliminated. 

In copending application Serial No. 476,479, ?led July 
29, 1954, by Herbert W. Sams, there is disclosed a leak~ 
proof ball point pen ink tube or writing unit which is 
effective even under dry socket conditions, but in which 
the ink dries and forms a seal at the rear end of the tube 
so that re-use of the pen for writing purposes is not pos 
sible. The ink tube and ball point pen unit of the pres 
ent invention constitutes a further advance and a develop~ 
ment of substantial commercial importance in that this 
writing unit will recover from the dry socket condition 
when replaced in writing position and its normal use will 
thereafter be re-established. Also, this improved modi 
?cation is entirely eifective in preventing leaking from 
the rear end regardless of the use or position of the unit 
either by accident or design. 

Prior attempts, which have not proven as successful as 
the arrangement disclosed in the above mentioned appli— 
cation Serial No. 476,479, have ‘been made for eliminat 
ing the leakage of ink from the open rear end of ink tubes 
by incorporating a grease plug in the ink tube at the top 
of the ink column. While this arrangement is effective 
under some conditions of use, it is not completely de 
pendable in preventing leaking from the rear end. 
Neither does it permit recovery for continued use after a 
dry socket. ' 

Further, in the T. F. Brinson Patent 2,557,409‘, issued 
June 19, 1951, there is disclosed the use of a solid piston 
in the ink tube which is lubricated and sealed at its outer 
surface by the ink within the tube, this piston serving the 
purpose of following the body of ink in the tube in its 
motion toward the ball point whereby substantially all‘ of 
the ink in ‘the ink tube or reservoir of large capacity is 
used ‘up in writing. This piston is formed with annular 
grooves or channels in which small amounts of the ink 
collect and in which the oil constituent of ‘the ink serves 
as a lubricant for the piston. 

It is signi?cant to note that as of the date of the Br‘inson 
patent, and the dateof application thereof, i. e., Novem 
ber 7, 1945, the inks used in ball point pens‘w'ere of the 
oil base type and included, ‘along with dyes and other 
components, an oil constituent which in the case of ‘the 
Brinson ‘pen served as a lubricant for the above mentioned 
follower piston. However, in more recent times the oil 
base inks have been ‘generally replaced by quick drying 
inks ‘which do not contain an oily vehicle and therefore 
do not possess good lubricating properties. Thus, ‘the 
inks which would be normally used today in the ink tubes 
of this invention do not contain an oily ‘constituent that 
might serve as a‘ lubricant for the piston system used in 
this present pen. Accordingly, it is important to provide 
in this ink tube an oily material which will function not 
only as a lubricant for the piston system butyalso as a 
?uid seal. An important feature of this oily lubricating 
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material is_ that it possesses certain yield values that are 
characteristically di?ferent from the oil constituent used in 
the ink of the Brinson type pen, and also fundamentally 
different from the above mentioned grease plug which has 
been used heretofore as the seal at the top of the ink 
column. These characteristic features of the sealing ?uid, 
and its co-function with the piston system disclosed be 
low, constitute technically important and commercially 
valuable aspects of this development. 
The piston system and ?uid seal combination which 

has been developed for use in the present invention has 
resulted from extensive research on this problem, espe 
cially from the standpoint's of providing an ink tube that 
is foolproof as to leakage of the ink from the open rear 
end of the tube when it is inverted, and the equally im 
portant aspect of being able to continue with the normal 
use of the pen for writing purposes when it is reinverted 
to normal writing position. This long desired result has 
not heretofore been obtained completely either by the 
grease ‘plug seal proposals, or by the lubricated piston 
arrangement of the Brinson pen, or by the leak-proof, 
but non-recoverable, arrangement disclosed in the above 
noted Sams patent application. 

In accordance with the present invention the heretofore 
non-obtaintable results above described have been made 
possible for the ?rst time by utilizing in the ink tube at 
the top of ‘ the ink column a special piston system and 
fluid seal combination wherein a front or forward com 
ponent of the piston system is in contact with the ‘top of 
the ink column. The ?uid seal is located in back of this 
front piston component and extends partly therearound 
for sealing purposes to prevent escape of the ink around 
the piston, and finally a rear piston component, which is 
in contact with the ?uid seal, and around which the ?uid 
extends to effect a leak-proof seal between this rear piston 
component and the walls of the ink tube. 

In addition to this combination of a two component 
piston with the sealing ?uid deposited in between and 
around the piston parts for e?ectively preventing leakage 
of the ink, ‘there ‘is another important component of the 
arrangement which comes into play when the pen is in 
verted from its normal writing position and the ink col 
umns and piston system is caused to move back toward 
the open end of the ink tubev This component is in the 
form of a projection or spacing extension that prevents 
the rear portion of the piston system from forming an air 
tight seal at the end of the ink tube such that atmospheric 
pressure cannot be reestablished within the ink tube when 
it is again reinverted to continue normal writing use of 
the pen once the dry socket condition has been eliminated. 
A dry socket condition as referred to herein is that con~ 

dition which is oftentimes established at the ball point 
when thepen has been used in inverted position, causing 
the ink seal around the ball point to be broken. A dry 
socket condition is also commonly established when the 
ball point comes in contact with an absorbent type of ma 
terial, such as in the wearer’s pocket or purse, etc. Adry 
socket occurring from either of the above reasons opens 
both ends of the writing unit to the atmosphere thereby 
permitting the ink column to move in the direction of 

' gravity dependent on the position of the writing unit. This 
invention completely controls this condition and under 
failure from a dry socket provides cycling of the ink sup? 
ply assuring complete use of the ink supply in writing 
use. Leaking from a dry socket can occur readilyin brand 
new writ-ing units but it is more likely to occur in writ 
ing units that have been in service and some wear having 
taken place in the socket causing greater clearances be 
tween the ball and socket allowing for ‘freer admission 
or air. _ I _ 

The above important features, as well as further details 
of the ink tube of this invention, will be more clearly 



2,777,422 

understood from the following description taken in con 
junction with the accompanying drawing in which: 

Fig. 1 is a longitudinal section of a writing unit em 
bodying the present invention; 

Fig. 2 is an enlarged fragmentary view of the rear end 
portion of the writing unit shown in Fig. 1; 

Fig. 3 is a similar enlarged fragmentary view of a modi 
?cation of the piston system shown in Fig. 2; 

Fig. 4 is a longitudinal section illustrating the normal 
action of the piston system upon inversion of the writ 
ing unit shown in Fig. 1; and 

Fig. 5 is a corresponding longitudinal section illustrat 
ing a dry socket condition. 

Referring now to the several ?gures, and generally in 
the order in which they appear in the drawing, the writ 
ing unit shown comprises a ball point insert assembly 10 
and an ink tube 11 having the usual restricted portion 12 
at the front end thereof, and a rear end 13 which is open 
to atmospheric pressure through an aperture in a vent 
plug 14. Contained in the ink tube 11 is a supply of ball 
pen ink 15 which substantially ?lls the ink tube except for 
the portion at the rear end thereof occupied by the pis 
ton system shown generally at 16. The several compo 
nent parts of the piston system are more clearly illus 
trated in Fig. 2 wherein it is shown that in this embodi 
ment the piston system actually comprises two separate 
pistons 17 and 18 with the sealing ?uid material 19 lo 
cated between these two pistons. The two pistons 17 and 
18 are solid and generally cylindrical in shape and have 
conical points 20 and 21 which facilitate loading of the 
pistons in the ink tube and for preventing entrapment of 
air bubbles. With this construction it is not necessary to 
provide an air escape aperture in the piston elements. 
The ?lling or loading operation for this ink tube com 

prises ?rst injecting the ink into the tube from the ball 
point end, following which the ball point assembly 10 is 
inserted in position and the substantially ?lled ink tube is 
then ready for insertion or loading of the pistons 17 and 
18 and the sealing ?uid 19. This is accomplished by ?rst 
dropping the forward piston 17 into the tube with the 
conical point 20 down so that it makes contact with the 
ink supply 15. Next the sealing ?uid 19 is injected 
through the same rear end of the tube at which time the 
rear end vent plug 14 has not yet been inserted. Next the 
second or rear piston 18 is dropped in on top of the seal 
ing ?uid 19 and following which the vent plug 14 is in 
serted to seal the rear end of the ink tube 15 except at 
the venting aperture therein which is arranged through 
a forward extension of the plug 14 within the reservoir 
tube as indicated at 22. At the end of this loading opera 
tion the ink cartridge is placed in a centrifuge, the opera 
tion of which causes the ink and the assembled parts to 
become stabilized in their respective positions and frees 
the ink and piston assembly from entrapped air. Where 
desired, or if found necessary, the centrifuging operation 
may be carried out at any stage during the above described 
loading operation. 
The modi?cation shown in Fig. 3 functions similarly 

to the arrangement described above for Fig. 2 but utilizes 
a single or unitary form of piston instead of the separate 
piston components illustrated in Fig. 2. The piston shown 
in Fig. 3 comprises an annular base section 23, an inter 
mediate conical portion 24, and a leading ?ange element 
25. This form of piston also contains a longitudinal 
aperture or bore 26 and transverse bores 27 and 28, for 
introduction of the sealing ?uid 29 therethrough. This 
sealing ?uid 29 may be injected in the aperture 26 and 
will ?ow through the apertures 27 and 28 into the cavity 
between the surface of the conical piston section 24 and 
the wall of the ink tube 11. The sealing ?uid 29 is 
thus deposited between and around the annular or cylin 
drical section 23 and the leading ?ange element 25 of 
the piston and functions in a similar manner to the seal 
ing ?uid 19 in Fig. 2, which is located between the corre 
sponding parts 17 and 18 of the two component piston 
system shown. 
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4 
The operation of the above described piston system 16 

shown in Fig. 2 in conjunction with the sealing ?uid 19 
is as follows: 

In the normal operation of the pen, that is with the 
pen maintained with the point down in usual writing po 
sition, the ink supply 15 will be progressively depleted by 
feeding from the ball point during writing, and as the ink 
column lowers in the ink tube the piston assembly 16 will 
follow the ink column down toward the ball point end of 
the tube and if no dry socket or other adverse conditions 
are encountered all of the ink in the larger diameter por 
tion of the tube 11 will be used up, the relatively small 
part of the ink in the reduced section 12 remaining there 
and the piston system 16 at that stage will then come to 
rest on the shoulder 30 de?ning the entrance to the re 
stricted portion of the ink tube. In other words, during 
the normal operation of the pen as the ink column moves 
downward the piston system 16 follows in contact with 
the ink column and serves for sweeping the entrained 
portions of the ink from the walls of the ink tube 11. 
When the ink tube 11 is composed of transparent mate 
rial, such as, for example, polyethylene or similar trans 
parent plastic, the ink level will be visible at all times 
and it can be easily determined when the ink supply has 
been used up. The following action of the piston system 
16 also assures removal and use of the ink contained in 
the large bore section of the ink tube. In this normal 
operation of the ball point pen and so long as the ink 
tube remains in the point down or writing position, there 
is no problem of sealing or leakage of the ink from the 
rear end of the tube. However, upon inverting of the ball 
point pen such that the ball point is in an up position, 
the abovementioned problems of preventing leakage and 
the desired recovery properties of the pen for use there 
after become involved and important. A discussion of 
these problems and how they are effectively met by the 
improved ink tube of the present invention now follows, 
the description being directed to larger than capillary 
tubes but not limited to such as many of the advantages 
of this invention are obtained in tubes of capillary size. 
When the pen is inverted from its usual writing po 

sition, and in the absence of a dry socket at the ball 
point, the ink supply 15 will tend to ?ow to the rear end 
of the ink tube 11 and would do so if the piston system 
16 were not present. Under this condition, however, 
the piston system 16 stabilizes the ink column and actu 
ally overcomes the tendency to flow backward or down 
ward to the rear end of the ink tube, as illustrated in Fig. 
4. This is made possible by the function of the sealing 
?uid 19 extending around the annular surface of the 
piston 18 such that an interchange of air and ink past 
this piston cannot take place. Thus, in this inverted 
position, in the absence of a dry socket, the ink supply 
and piston assembly remain ?xed in the ink tube. 
Under dry socket conditions as above de?ned, the 

problem of ink ?ow and leakage is increased and al 
though no leakage will result with the present piston sys 
tern, the ink column and piston assembly will neverthe 
less move downward or rearward toward the rear end of 
the ink tube, as illustrated in Fig. 5. This is caused by 
the breakage of the ink ?lm at the ball point establishing 
atmospheric pressure within the socket and thereby caus 
ing the ink column and piston system to respond to the 
force of gravity. Under this condition, the ink column 
15 and piston assembly 16 will continue to move toward 
the rear end of the ink tube until the ?at end 31 of the 
piston 18 makes contact with the vent plug extension 22 
which prevents any further movement of the piston 18. 
When this position is reached the ink column and the 
piston assembly can move no further and subsequent ad 
mission of air through the aperture 22 in the end plug 14 
is assured, as mentioned previously above, by virtue of 
the fact that the plug extension 22 extends inwardly be 
yond the inner wall of the end plug 14 and prevents a 
seal being formed between this surface and the ?at rear 
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surface 31 of the piston l8, leaving a narrow‘ annular air 
space 32 between these two surfaces. 
Even though the ink tube and piston assembly have 

reached the rear end of the ink tube 15, as above de 
scribed, under the dry socket condition at the ball point, 
no ink will escape from the rear end of the tube through 
the" air vent 22 as would otherwise occur, because of the 
sealing function of the ?uid medium 19v upon and around 
the contacting surfaces of the piston 18 and the inner 
wall of the ink tube 11. To maintain this seal and leak 
proof condition, it is important to have in addition to the 
piston 13 the cooperation or co-function of the other 
piston lt’l with the sealing ?uid 19 interposed between 
these two pistons and extending around and upon the 
walls of the piston 1'7 as well as the piston 18. In the 
absence of this combination of the two pistons with the 
?uid seal between, the sealing ?uid 19 would tend to rise 
in the ink column and permit the ink to leak around the 
piston 18 and hence out of the tube through the air vent 
22. Through the combination of the two piston com 
ponents with the interposed ?uid seal, however, leakage 
of the ink even under this adverse condition is reliably 
prevented. 
As above indicated, in addition to preventing leakage 

of the ink from the ink tube under dry socket conditions, 
it is commercially important also to be able to re-estab 
lish normal use of the ball pen when‘ it has been rein 
verted and the point again placed in writing position. In 
the absence of the piston system of the present invention, 
this re-establishment of normal writing conditions, even ' 
if leakage of ink had been prevented, would not be pos 
sible. It is entirely possible and practicable, with the 
improved arrangement in the ink tube of the present 
invention, by virtue of the fact that the aperture 22 in 
the vent plug 14 has not become sealed. Accordingly, 
atmospheric pressure is maintained against the, piston 
18 thereby permitting gravity to cause this piston as well 
as the co-functioning ?uid seal 19 and piston 17, again 
to move downward toward the ball point with the ink 
column. When this condition has been established and 
the ball point is rotated in contact with the writing sur 
face, the ink will again ?ow from the ink supply and be 
used in normal manner for writing. 
The foregoing description of the function of the piston 

system 16 shown in Figs. 1 and 2, under (a) inverted po 
sition of the ink tube without dry socket (as in Fig. 4), 
and (b) inverted position with the dry socket (as in 
Fig. 5)‘, will apply in similar manner to the function of 
the single piston embodiment shown in Fig. 3. 

In addition to the important combination of the two 
pistons, or two piston components, with the sealing ?uid 
located between and around these piston components, 
as above described, for preventing leakage and permit 
ting re-establishment of writing conditions in accordance 
with the present invention, it is also important to use the 
proper type and amount of sealing ?uid. One of the im 
portant characteristics of the sealing ?uid for proper 
operation as above described in this invention is the yield 
value of this material. The minimum yield value for 
this material must be such as to permit the material to 
function as above described for sweeping the walls of 
the ink tube as the piston system moves downward and 
also to provide an effective seal between the piston and 
tube surfaces such that the ink will not leak past these 
surfaces during normal operation as well as when the 
pen is inverted and in the presence or absence of a dry 
socket. The maximum yield value for this material 
must be such that the seal around the piston will not be 
broken even when the piston system is moving at the 
relatively rapid rate encountered upon inversion of the 
pen and dry socket conditions above described. Under 
this condition the piston system moves at a substantially 
more rapid rate than it does in its downward movement 
during normal operation of the pen. 
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Although it is important to have a small but de?nite 

yield value for the sealing ?uid 19', this ?uid is' never; 
theless relatively free to ?ow. Because of‘ this charac 
teristic it is important to use the two pistons or two pis 
ton components above described. If, for example, the 
front piston, that is, toward the ball point, were omitted, 
the sealing ?uid being in the nature of a relatively thin. 
?owable liquid would tend to rise toward ‘the ball point 
if the pen were inverted for prolonged periods. Simil~ 
ly, if the rearward piston, e. g., piston 18 shown in Fig. 
2, were omitted the thin ‘sealing ?uid 19 would tend to 
move toward the rear of the tube when the pen was in 
verted. 
The amount of the sealing ?uid to be used is relatively 

small but su?icient to effect an ink tight seal between the 
annular sections of the piston system and the adjacent 
inner walls of the ink tube so as to prevent any leakage 
therethrough, and in addition toyprovide a small surplus 
of sealing ?uid to compensate for the small losses in this 
material during normal operation byv adhering of some 
of this material on the walls of the ink tube. The thin 
?uid character of this sealing material minimizes the 
losses in the form of adhering material to the walls of 
the tube as it moves downward following the ink column, 
and the above described arrangement of the piston system 
provides a compensating adjustment for any such loss. 
Also, this same ?uid character‘ of the sealing material 
will adapt the piston system to the relatively fast move 
ment which is involved when the pen is inverted and a 
dry socket is established, without breaking of the fluid 
seal around the piston elements. 
A speci?c sealing ?uid material which we have used 

with very good results is No. 0 Orange Solid oil, manu 
factured by Famous Lubricants, Inc., Chicago, Illinois. 
This product consists principally of a mineral oil bodied 
with a metallic soap, e. g., aluminum stearate. Another 
suitable form of sealing ?uid material for use in this 
invention is a thixotropic liquid comprising alkyl resin 
made from rice oil, pentaerythritol and phthalic anhy 
dried, and containing 5% of polyamide resin No. 93 
(General Mills Corporation), dissolved in a mixture of 
Arochlor 1248 (Monsanto Chemical Company) ' and 
mineral oil according to the following proportions: 

Alkyd resin-polyamide mixture, 18.0% 
Arochlor 1248, 46.8% 
.Mineral oil, 31.2% 

This thixotropic liquid is of the same general type dis 
closed as a vehicle material in copending application 
Serial No. 527,987, ?led August 12, 1955. 
We claim: 
1. In a ball point writing unit comprising an ink reser 

voir tube ?tted at the forward end with a ball point and 
vented to the atmosphere at the opposite rearward closed 
end, and a supply of ink disposed in said tube for feeding 
therefrom under atmospheric pressure by said ball point, 
the improvement of a three component, leak-proof seal 
ing system located within said ink tube between said sup 
ply of ink and the rearward vented end of the tube, and 
movable as an integrated unit for following and sweeping 
the ink supply toward the ball point when used for writ 
ing and for preventing escape of ink from the vented 
rearward end of the ink tube when said ink' tube is 
inverted and even when a dry socket exists at the ball 
point, said sealing system consisting essentially of two 
spaced pistons and a sealing liquid located between and 
around said pistons and constituting at all times an eifec 
tive liquid seal between said pistons and the inner wall 
of the ink tube, each of said pistons having a smooth, con 
tinuous cylindrical portion with a diameter only slightly 
less than the inside diameter of the ink tube so as to ac 
commodate a thin ?lm of said sealing liquid between said 
cylindrical portions and the inner wall of said ink tube 
and provide a sliding ?t therebetween, said sealing liquid 
being a thin, ?owable, non-evaporative, thixotropic liquid 
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having a minimum yield value that permits the liquid to 
sweep clean the adhering ink from the inner wall of the 
ink tube as the sealing system follows the ink toward the 
ball point when the ink tube is in writing position and 
within a maximum yield value that prevents breaking of 
the seal around the pistons when the system is moving 
at the relatively rapid rate encountered upon inversion 
of the pen and under dry socket condition at the ball 
point, the supply of sealing liquid being located between 
the two pistons and being su?icient in amount to effect 
at all times an ink tight seal between pistons and ink tube 
and provide a surplus to compensate for the small amount 
of liquid that adheres to the inner wall of the ink tube 
and still maintain an adequate supply of liquid between 
and around said pistons at all times, the forward piston 
in the sealing assembly being disposed on top of and in 
contact with the ink supply and the rearward piston being 
disposed on top of and in contact with said sealing liquid 
supply, said pistons being spaced and said sealing liquid 
being retained therebetween so that said sealing system is 
maintained with the three components thereof disposed 
as an integrated unit in substantially their original rela 
tion under all conditions of operation and use of said ink 
tube until the ink supply therein is exhausted through 
feeding therefrom by said ball point, the density of said 
pistons being such that said forward piston substantially 
floats on said ink supply and the rearward piston substan 
tially ?oats on said sealing liquid supply, the sealing 
system always moving as an integrated unit and the three 
components thereof maintaining their separate, spaced 
relationship so as to effect a leak proof seal between the 
ink and the vented end of the ink tube. 

2. The improvement de?ned in claim 1 and character 
ized‘ further by the thin ?owable sealing liquid being com 
posed of a mineral oil bodied with a metallic soap. 

3. The improvement de?ned in claim 1 and ‘character 
ized further by the thin ?owable sealing liquid being com 
posed of thixotropic liquid containing mineral oil and a 
synthetic resin. 

4. The improvement de?ned in claim 1 and character 
ized further by means for venting the closed rearward 
end of the ink tube comprising a vent tube extending for~ 
wardly within said ink tube from said closed end for 
preventing the rearward piston from displacing air en 
tirely from said closed end when the tube is inverted and 
the sealing system moves rearwardly toward the vented 
end whereby atmospheric pressure is always maintained 
at the vented end of the tube and the tube is recoverable 
for writing after inversion and under dry socket condi 
tion at the ball point. 
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5. In a ball point writing unit comprising an ink res 
ervoir tube ?tted at the forward end with a ball point and 
vented to the atmosphere at the opposite rearward closed 
end, and a supply of ink disposed in said tube for feeding 
therefrom under atmospheric pressure by said ball point, 
the improvement of a three component, leakproof sealing 
system located within said ink tube between said supply 
of ink ‘and the rearward vented end of the tube, said seal 
ing system consisting essentially of two spaced pistons 
and a sealing liquid retained between and around said 
pistons, and movable as an integrated unit under all con 
ditions of operation and use of said ink tube for following 
and sweeping the ink supply toward the ball point when 
used for writing and for preventing escape of ink from 
the vented rearward end of the ink tube when said ink 
tube is inverted and even when a dry socket exists at the 
ball point, said sealing liquid being a thin, ?owable, non 
evaporative, thixotropic liquid having a minimum yield 
value that permits the liquid to sweep clean the adhering 
ink from the inner wall of the ink tube as the sealing sys 
tem follows the ink toward the ball point when the ink 
tube is in writing position and within a maximum yield 
value that prevents breaking of the seal around the pistons 
when the system is moving at the relatively rapid rate en 
countered upon inversion of the pen and under dry socket 
condition at the ball point, the supply of sealing liquid 
being sufficient in amount to effect at all times an ink tight 
seal between pistons and ink tube and provide a surplus 
to compensate for the small amount of liquid that adheres 
to the inner wall of the ink tube, the forward piston in 
the sealing assembly being disposed on top of and in con 
tact with the ink supply and the rearward piston being dis 
posed on top of and in contact with said sealing liquid 
supply, the density of said pistons being such that said 
forward piston substantially ?oats on the ink supply and 
the rearward piston substantially ?oats on said sealing 
liquid supply. 
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