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(57) Abstract

An ink jet printer in which an ink-carrying conduit (14) connected between an ink reservoir (10) and a print head

(20) is placed within an enclosure

(42) for a portion of its length and which enclosure (42) is an extension of the reservoir

(10) in large tubular form to contain the conduit (14) in an ink vapor atmosphere. An advantage of this arrangement is that

the ink vapor atmosphere in the enclosure (42) prevents or at

least limits the flow of one or more ingredients of printing

ink through the wall of conduit (14) and thereby maintains the composition of the printing ink in a substantially constant

condition.




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international ap-
plications under the PCT.

AT Austria LI Liechtenstein
AU Australia LK Sri Lanka
BE Belgium LU Luxembourg
BR Brazil MC Monace

CF Central African Republic MG Madagascar
CG Congo - MR Mauritania
CH Switzerland Mw Malawi

™ Cameroon NL Netherlands
DE Germany, Federal Republic of NO Norway

DK Denmark RO Romania

F1 Finland SE Sweden

FR France SN Senegal

GA Gabon SU Soviet Union
GB United Kingdom ™ Chad

HU Hungary TG Togo

Jp Japan s United States of America

KP Democratic People's Republic of Korea




W0 83/04389

10

15

20

25

30

35

PCT/US83/00867

-1-

INK JET PRINTER

Technical Field
The present invention relates to ink jet

printers, and, more particularly, to ink Jjet printers
which utilize the so-called drop-on-demand method of

operation.

Background Art
Non-impact printers have recently become very

popular due to their quiet operation resulting from the
absence of mechanical printing elements impacting on
record media during printing. Among such printers, ink
jet printers are particularly important as they permit
high speed recording on plain untreated paper.

Various ink jet printing methods have been
developed over the past years. 1In the so-called con-
tinuous ink jet method, such as disclosed in U.S. Patent
No. 3,596,275, the ink is delivered under pressure to
nozzles in a print head to produce a continuous jet of
ink emitted through each nozzle. The ink jet is separ-
ated by vibration into a stream of droplets which are
charged, and the flying droplets are either allowed to
impact on a record medium or are electrostatically

deflected for collection in a gutter for subsequent re-=

circulation.
A second method, known as the electrostatic

method, is disclosed, for example, in U.S. Patent No.
3,060,429. 1In this method the ink in the nozzles is
under zero pressure or low positive pressure, and the
droplets are generated by electrostatic pull and caused
to fly between two pairs of deflecting electrodes ar-
ranged to control the direction of flight of the droplets
and their deposition in desired positions on the record

medium.
A third method, which is known as the drop-on-

demand method, is described, for example, in U.S. Patent
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No. 4,125,845. The droplets in this method are emitted

under the control of an electronic character generator

e,

by means of volume displacement brought about in an ink
chamber or channel by means of energization of a piezo- »
electric element. The volume displacement generates a
pressure wave which propagates to the nozzles causing
the ejection of ink droplets.

The drop-on-demand method has several advan-
tages over the other above-mentioned methods. Ink jet

printers using this method have a simpler structure re-

‘quiring neither deflecting means for controlling the

flight of the droplets nor the provision of an ink
recovery system. Multiple print head printers using
this method are simple and compact and are relatively
easy to manufacture.

Ink jet printers are known in which the print
head is connected to an ink reservoir by a flexible con-
duit carrying ink from the reservoir to the print head.
A problem arising with ink jet printers of this type is
that the solvents for the ink have the tendency to
evaporate or slowly permeate through the wall of the ink
carrying conduit. In particular, it has been found that
in the case of printing inks which consist primarily of
water and ethylene glycol, the water tends to penetrate
through polyvinyl chloride tubing commonly used in
practice. Such solvent loss is undesirable as it has
the effect of changing the condition of the printing
ink, particularly when the printer has been sitting
idle for an extended period of time, and such change
may adversely affect the operation of the printer.

-

Disclosure of Invention

It is an object of the present invention to
provide an ink jet printer having means for preventing
or at least limiting the flow of one or more ingredients
of printing ink through the wall of an ink-carrying

conduit, thereby maintaining the composition of the-.
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printing ink in a substantially constant condi<ion in
the printing system. ]

Thus, according to the invention, there is
provided an ink jet printer including reservoir means
for containing a supply of ink, printing means operably
associated with said reservoir means for ejecting ink
in droplet form, and flexible conduit means for carrying
ink from said reservoir means to said printing means,
characterized by enclosure means in fluid connection
with said reservoir means for providing an ink vapor
atmosphere for said conduit means between said reservoir
means and said printing means, which atmosphere sub-

stantially corresponds with the ink vapor atmosphere in

said reservoir means.

Brief Description of the Drawing
One embodiment of the present invention will

now be described, by way of example, with reference to
the single figure of the accompanying drawing which is a
diagrammatic view, partly in section, of an ink Jjet

printer according to the present invention.

Best Mode for Carrying Out the Invention

As seen in the single figure of the drawing,
an ink reservoir 10 contains a supply of printing ink 12
which is sufficient for printing in excess of several
million characters. A-length of flexible tubing 14,

having a fairly constant wall thickness, is immersed at
one end 16 thereof in the ink 12 and is securely con-
nected at the other end 18 to an ink jet print head 20
of the well-known tubular transducer type. The print
head 20 includeé a body portion 22 of cylindrical form
having a glass tube 24 or passageway through the body
portion and terminating in a nozzle 26 for ejecting a
droplet 28 of printing ink to be applied to record media
30, which media may be in the form of paper or the like

and supported in suitable manner around a drum or from
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a platen (not shown). A filter-type vent 32 is provided
in the top of the reservoir 10 and a flange-type outlet

L4

34 is formed in one side thereof and through which
passes the flexible tube 14.
The print head 20 includes a piezoelectric

o

device or tubular type transducer 36 for causing ejec-
tion of the ink droplets 28, either in synchronous of
asynchronous manner from the print head nozzle 26. The
ink aroplets 28, so produced from the nozzle 26, are of
essentially the same or constant in size and are nor-
mally ejected at a constant velocity. Leads 38 and 40
are appropriately connected to the print head 20 for
actuating the transducer 36 so as to cause ejection of
ink droplets 28 in well-known manner.

A large diameter flexible tube 42 is securely
connected at one end 44 thereof to the flange-type
outlet 34 and at the other end 46 to a flange portion 48
of a print head supporting wall member 50. The wall
member 50 includes an aperture 52 therethrough for
appropriately sealing and supporting the glass tube 24.

The tubing 14, which may be made of a poly-
vinyl chloride material, one of which is known by the
name TYGON and manufactured by Norton Chemical Company,
is of a small diameter or bore for carrying the printing
ink 12 from the reservoir 10 to the print head 20. The
tube 42 is of much larger diameter and may be made of
similar flexible plastic material. The dimensons of the
outlet 34 and of the tube 42 provide a space 54 between
the two tubes which is an extension of the ink vapor-
filled atmosphere in the reservoir 10.

A common formulation or mixture for printing

-y

inks includes approximately 85 percent ethylene glycol

and 15 percent water along with a coloring dye. Since i
it has been found that water slowly permeates through

the wall of the tubing 14 with a rate which depends on

the humidity outside such tubing, the printing ink,

which is made up of a significant percentage of water,
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slowly changes composition. When the tube 42 is proper-
ly sized to provide the space 54, the entire length of
the tube 14 is essentially within the ink vapor of the
atmosphere of the reservoir 10. It is seen that any
water which passes through the wall of the tube 14, by
reason of being in substantially the same atmosphere as
that of the reservoir 10, may permeate in either direc-
tion through the wall of the tube, that the same atmos-
phere substantially minimizes the flow of water through
the wall of tube 14, or that such atmosphere may essen-
tially end any flow of water and thereby maintain the
same ink composition throughout the printing system.
While there may be a slight amount of evaporation of
water from the entire system, including the permeation
of water through the walls of the reservoir 10 and the
wall of the tube 42, the rate of change of the compo-

sition of the ink is negligibly small.
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CLAIMS:

»

1. An ink jet printer including reservoir
means (10) for containing a supply of ink (12), printing
means (20) operably associated with said reservoir means
(10) for ejecting ink in droplet form, and flexible
conduit means (14) for carrying ink from said reservoir
means (10) to said printing means (20), characterized
by enclosure means (42) in fluid connection with said
reservoir means (10) for providing an ink vapor atmos-
phere for said conduit means (14) between said reservoir
means (10) and said printing means (20), which atmosphere
substantially corresponds with the ink vapor atmosphere

in said reservoir means (10).

2. An ink jet printer according to claim 1,
characterized in that said enclosure means (42) is a
flexible member surrounding a portion of said conduit

means (14) and providing a space therearound.

3. An ink jet printer according to claim 1,
characterized in that said conduit means (14) is a
first tube having a predetermined diameter, and that
said enclosure means (42) is a second tube having a
diameter which is larger than said predetermined diameter
and surrounding a portion of said first tube so as to

provide a space therearound.

4. An ink jet printer according to claim 1,
characterized in that said printing means (20) includes
one or more piezoelectric transducers (36) carried by a

support member (50).

B

L
5. An ink jet printer according to claim 4,
characterized in that one end (44) of said enclosure
means (42) is connected to a flanged outlet (34) of said
reservoir means (10), and the other end (46) of said
enclosure means (42) is connected to a flanged portion
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5. (concluded)
(48) of said support member (50).

6. An ink jet printer according to claim 1,
characterized in that said conduit means (14) and said
enclosure means (42) are made of polyvinyl chloride

material.

7. An ink jet printer according to claim 1,

characterized in that said enclosure means (42) is

formed as a tubular extension of said reservoir means

(10) over said conduit means (14).
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