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- printing medium,
- prating on fiexible and/or irregular surfaces.
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~ This invention relates to an. apparatus and method 'for:

printing and, more particularly, to a novel printing ap-
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~ ‘printing su_rfase, the surface of the porous _matarial which

1s adjacent to the object to be printed, is shaped sub-

- stantially to conform to the shape of the surface to be

10

paratus and method utilizing a source of impulse energy

in combination with a porous material containing a ligquid
‘This invention is especially useful far

In conventional printing methods, such as letter-press,

lithography, and gravure, a plate, or an equivalent ele-

ment containing the symbol to be printed, comes into

physical contact with the material to be printed. It is
necessary to support the object being printed in order that

the plate, or equivalent element, can apply the requisite

- plate in contact with the porous material.
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pressure to the object being prmted If the object being -

duction in pressure may result in smearing. In many in-

stances, it is desirable to print an object without it being- o5

niques often require the printing of objects having pres-
sure-yielding surfaces, such as ﬂemble plastic cantamers

rla1dly supported For example, modern packaging tech-

filled with a liquid.

‘In accordance with thls .mventlon we have devised a
novel printing apparatus and method in which the need

for rigidly holding the paper or other object being prmted

liquid printing medium which is in juxtaposition to the

surface being printed. The pulse of energy causes the
liquid prmtmg medium in the porous material to contact -
The use of a pulse

the object in juxtaposition thereto.
perm1ts easy ‘adjustment of amphtuda to accommodate
various situations, and permits precise timing of the pulse
in the printing cycle. - This invention is useful for printing
ir regularly shaped surfaces as well as flexible surfaces.

It is an object of this invention to provide an apparatus "

for printing wherein the application of pressure to the ob-

-ject being printed is eliminated.

Another object of this invention is to provide an ap-
paratus and method for printing wherein any physical con-

‘tact between the printing apparatus and the ab]ect bemg |

printed is short and sharp. -

‘printed is not rigidly held, the gradual build-up and re-

to be printed conforms to the wordin

printed. For reasons which will be apparent as the de-
- scription of our invention proceeds, the POTOuS material,
- with the exception of the printing surface, is preferably

contained within a fluid-impermeable housmg The fluid-

| llmpermeabls housing has at least one rigid surface which

is in contact with the porous material contained therein.
The shape of the printing surface exposed to the surface
g, symbol, configura-
tion, etc., it is desired to print. ‘The printing is accom-
piished by the application of a pulse of energy to a rigid
Depending

~upon the construction of the printing assembly, the pulse
~of energy will either cause particles of the liquid printing
“meditm to be projected from the porous material across

the space between the printing surface and the surface to

- be printed, or cause the prmtmg surface fo fiex and mo-
‘mentarily contact the surface to be printed, thereby de-' |
'pos,itmg particles of the printing medium thereon.

The method of printing used, and therefore the con-
struction of the printing assembly, will be determined by
the shape of the object which is to be printed. If the
surface to be printed is a regularly shaped surface, viz.,

flat, s....ral—cyhndrlcal etc., elther method may be used.
For example, if a cyhndrlcal object 1s to be printed, two

B printing assemblies having semi-cylindrical printing sur-

30

- by a roller or other means is eliminated. Briefly, this in--
~ vention is based on the discovery that objects can be
printed without being. rlgldly supporied by the application -
of a pulse of energy to a porous material containing a

39
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4 or of sponge-like materials having pores of capillary

faces can be used to pmvide the printing form by closing
linearly on the object in opposite directions. However,

“if the surface is an irregularly shaped surface, viz., one
having concave and convex portions, it is preferred that
the printing assembly be so constructed that the pulse of
- ‘energy will cause particles of the printing medium to pro-
ject across the gap between the printing surface of the
~ assembly and the object.

It is preferred that printed suzr-
faces of the object are not parallel to the movement of
the printing surface of the. assembly, since the Wlthdrawall

of the prmtmg surfacs may resmt 111 the pI‘lIltIIlU belng'
) smeared. -- L |

- A variety of materlals adapted to contam VﬂI‘lOHS prinf-
ing mediums are suitable for use as the porous material
which contains the liquid printing medium. It may be
comprised, for example, of a plurality of pieces of cloth,

dimensions, such as cellulose or polyurethane sponges.

~ If the printing is to be accomplished by flexing of the

50

A third object of this invention is to provide an ap- ! _ . _
~ Jacent object in order to produce the desired wording,

paratus and method for printing wherem the ob]ect bemg
printed need not be rigidly held. |

A further object of this mventmﬁ is to prov1da an ap--
paratus and method for prmtmg ﬂemble and/ or 1rregular

surfaces. | | -
A still further Ob]uCt of th1s invention is to prowde an

apparatus and method for printing wherein the printing-
is accomplished by the application of a pulse of energy"
- to a porous material containing a liquid printing medium.
- These and further objects of this invention will become

o 'apparent as the descnptmn proceeds and raferences made

~ to the accompanymﬂ drawings in which:

FIGURE 1 1s a view, partly in schematw and partly in
cross-section, of the noval prmtmfr apparatus of this in-

Ventmn and

~ FIGURE 2 is a cmss—-sectmnal View taken along the |
llne 2—2 in FIGURE 1. |

The printing assambly of 0111' mvantlon 1nc1udes

is placed in ]u:-:taposltmn to ths ob]ect ta be prmted ‘The

~ symbols, configurations, etc.

55

porous material to contact momentarily the object to be

printed, it is essential that the porous material be rela-
tively flexible. There are several suitable methods of
limiting the exposure of the porous material to the ad-

In instances where a field
of a solid color, or relatively large symbols, configura-

~tions, efc., are to be printed, the printing surface can

be shaped to conform to the shape of the desired print-
ing. Another method by which the desuad printing may

- be obtained, is to coat the printing surface with a suit-

60
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able ﬂmd-lmpermeable material, such as varnish, in the
areas in which no printing is desired to prevent the pas-
- sage of the printing medium. However, it will be evi-
“dent that the utilization of a stencil will permit the
rapid changing of the symbol which is to be prmtﬂd
if the pulse of energy is to cause the printing surface

to flex and momentarily contact the adjacent- object, it

| _';'1s preferred that the stencil be movable with the porous
- material when a pulse of energy is apphed thereio.

Should the alternative method of prm‘i:lng in accordance

a o With this invention be used, the stencil is preferably rela-

N pomus material containing a liquid printing medium which

- tively rigid, and secured to the housing in which the

-porous ma{erlal 1S lecated to lumt the movement o,._ the
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rinting surface when the pulse is applied to the porous
material, Where the printing is to be accomplished by
projection of the printing medium, the provision of a
screen over the exposed printing assembly will serve
to counteract the tendency of the porous material to
flex upon actuation of the pulse-generating device. It
wili be evident that a stencil and screen can be formed
as one integral unit by providing a screen over the en-

tire surface of the porous material which is adjacent to

the object to be printed, and coating the areas of the
screen where printing is not desired with a material im-
permeable to the liquid printing medium.

Although a variety of materials can be used as the
stencil, screen, and fluid-impermeable coating for the
printing surface, the utilization of materials, or coatings
for such materials, which are non-wetting to the print-
ing medium employed would reduce the tendency of the
printing medium to drip down the portion of the prin-
ting assembly adjacent to the object to be printed and
possibly smear the object being printed. The material or
coatings used would necessarily be dependent upon the
nature of the printing medium. For example, plastics
such as fluoroethylenes are suitable when the printing
medium is of a water base. In addition, the utilization of
a screen non-wetting to the printing medium would serve
to prevent flow of the printing medium through the
screen before the impulse is applied in instances where
the impulse is to cause the printing medium to be pro-
jected. |

The impulses may be created by an electrical solenoid
or other impulse-generating device, such as an ultra-
sonic transducer or loudspeaker. Although the rigid
plate to which the impulse is applied may be in contact

with any surface of the porous material, other than the

printing surface, it is preferred that the impulse be ap-
plied to the surface opposed to the printing surface. The
resulting shock wave will pass through the porous print-
ing-medium-containing material and provide sufficient
energy to either flex the printing surface or project par-
ticles of the printing medium to the object being printed,
depending upon the construction of the printing assembly.

The required amplitude of the impulse will depend upon

variables such as the viscosity of the printing medium,

5
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characteristics of the porous material, distance between

the printing surface and object being printed, method
by which the printing is to be accomplished, and the like.
If the impulse i1s to cause the printing medium to be
projected from the printing surface covered by a non-
wetting screen, the amplitude of the impulse will have
to be sufficient to overcome the existing forces of ad-
hesion, '- | -

A varlety of liquids adapted to form coatings on ma-
terials are suitable for use as the printing medium of this
invention. For example, many of the inks and paints
utilized in conventional printing and spraying operations
may be used. The viscosity of the printing medium
must be such to permit its flow through the porous ma-
terial. The printing medium can be fed to the porous
material by gravity or capillary action, or by a constant-
- pressure pump. | |

If printing in more than one color is desired, a plu-
rality of printing assemblies can be used. However, In
some instances two or more colors can be applied simul-
taneously by a single printing assembly utilizing a multi-
section prinfing surface with a compartmented porous
material. A single impulse can serve to apply all the
colors at the same time, since the impulse can be made

45
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“to travel uniformly through the several portions of the |

porous printing-medium-containing material.

Cur apparatus and method are useful in printing on
a wide range of materials. The surface to be printed
may be of any metal, fiber, or plastic, such as polystyrene,
polypropylene, etc. Since the printing medium may not
readily adhbere to some surfaces, it may be necessary to
treat these surfaces before printing by oxidation, by coat-

70
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ing with a printing-medium-receptive material, or by
other means. |

The printing apparatus of this invention is readily
adaptable to use with conveyor systems. When it is
desired to print objects traveling on a conveyor, the
printing assembly of this invention can be installed at
the sides and/or above the conveyor, depending upon the
position of the surface to be printed. Since the print-
ing action 1s substantially instantaneous, it may be pos-
sible to print an object without arresting its travel. For
example, when the surface to be printed is regularly
shaped and parallel to the direction of travel, and the
rate of travel is relatively slow, the impulse-generating
device can be automatically actuated when the object is
positioned in front of the printing surface. However,
when the surface to be printed is irregularly shaped and/
or not parallel to the direction of travel, it would be
necessary to hait the object in front of the printing as-
sembly of this invention and place the printing surface
and the surface to be printed in juxtaposition to each
other. |

Referring to the drawings, object 18 is shown resting
on support 12 between printing assemblies 14 and 16.
Object 19 can be manually or mechanically placed on
support 12, or support 12 may be a conveyor on which
object 18 is traveling. Printing assemblies 14 and 16 are
adjacent to sides 18 and 2@ which are to Dbe printed.
Since side 28 is irregularly shaped, printing assembly 14
is to operate by projecting a printing medium, such as
ink, from the surface of porous material 22 to adjacent
side 18. Porous material 22 is a plastic such as foamed
polyurethane having pores of capillary dimensions. The

printing medium is supplied to porous material 22 by con-

duit 24 connected to ink reservoir 26. Porous material
22 is enclosed within fluid-impermeable housing 28.

Housing 28 includes plate 39, the inside of which is in

contact with porous material 22, and the outside of which
is in contact with impulse-generating device 32, such
as an electrical solenoid. Electrical solenoid 32 is elec-
irically connected and actuated by control 34, which
includes means for regulating the amplitude and duration
of the impulse. The desired wording, symbol, etc. is
printed on side i8 by providing stencil 36, which is
relatively rigid, on the surface of porous material 22
adjacent to side 18. The tendency of porous material 22

to flex upon actuation of electrical solenoid 32 is counter-
acted by securing stencil 36 to housing 28, and providing
rigid screen 38 over the openings in stencil 36. Stencil
36 and screen 33 are shaped to conform to the shape of
side 18. As hereinbefore described, stencil 36 and screen

38 can be formed as one integral unit, and preferably are
ggn-wetting to the ink contained within porous material

Printing assembly 16 is to print on side 20 a symbol of
one color on a field of a second color. Printing assembly
16 comprises fluid-impermeable housing 49 divided by
fluid-impermeable separator 42 into sections containing
porous materials 44 and 46. Porous materials 44 and
46 also have pores of capillary dimensions and are of a
plastic such as foamed polyurethane. A printing medi-
um, such as ink, is fed to porous material 44 by conduit
48 connected to ink reservoir 50, while reservoir 52, con-
taining ink of a color other than that contained in reser-
voir 3@, is connected to porous material 49 by conduit
54, Housing 4% includes rigid plate 56 in contact with
porous materials 44 and 46. The outside of rigid plate
56 is in contact with an impulse-generating device 58,
such as an electrical solenoid. Flectrically connected to
electrical solenoid 58 is control 6@ to operate same. Con-
trol 60 includes means for adjusting the amplitude and

- duration of the impulse created by electrical solenoid 58.

Since side 29 is a regularly shaped surface, i.e., flat, the
actuation of electrical solenoid 58 is to cause porous
materials 44 and 49 to flex and contact side 20. Porous
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material 44 is coated in the areas in which no. printing

is desired with fluid-impermeable materlal 62. A suitable
material would be varnish.

In the operation of our invention, the travel of ob]...,ct |
: 11} on conveyor 12 is arrested when object 10 reaches

a printing station containing printing assemblies 14 and
16 During the pericd when object 1¥ is momentarily
stopped, printing assemblies 14 and 16 approach object
10 from both sides.
16 reach a predetermined closure distance, arm 64 on
switch 66 strikes plate 68 to actuate switch 66. Switch

" - 66 then operates controls 34 and 6@ which, in turn,

actuate electrical solenoids 32 and 58, respectively. The

electrical solenold 32 causes particles of the ink-con-

tained within porous material 22 to be projected across
the gap between porous material 22 and side 18, to print
the desired wording. The actuation of _electrlcal_ solenoid

58 causes porous materials 44 and 46 to flex and contact -

side 28. When porous materials 44 and 46 contact side
20, particles of the printing mediums contained within
porous materials 44 and 46 are deposited on side 20 to
produce the desired configuration. After this has oc-

- curred, printing assemblies 14 and 16 withdraw from
~ object 10 and conveyor 12 moves. ob]ect 10 to an oven

or other curing station. It will be ewdent that since
printing assemblies 14 and 16 move in this described
embodiment, conduits 24, 48, and 54 must be flexible,
or conduit 24 and reservoir 26 must be movable with
printing assembly 14 and conduits 48 and 54, and reser-
- voirs §¢ and 32 must be movable with printing assembly
The embodiments of this mventlon in which an ex-
clusive property or prmlege 1s claimed are deﬁned as
follows: | | |
1. In a ethod of printing, the 1mprove1nent Whleh
comprises placing in spaced relation a porous material
containing a printing medium and a body to be printed,

a portion of the surface of said porous material being

exposed and adjacent to but separated from an exposed
~surface of said body, covering with a substantially non-
porous member the portion of the outer surface of said
- porous material from which printing medium is not to
- be projected onto the surface of the body to be printed,
and while maintaining the exposed surface of said porous
 material separated from the surface of the body to be
printed, applying to a rigid member in contact with a

‘When printing assemblies 14 and.

3,180,256
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printing medium to be projected from the exposed sur-
face of said porous material across a gap onto the
surface of said body so that the surface of said body
is printed while it is still separated from the surface of

‘said porous material.

5. An apparatus in accordance Wlth c1a1m 4 1nc111d1ng

“a stencil interposed between said exposed surface of said

porous material and said surface to be printed.

10

6. An apparatus in accordance with claim 4 1nc1ud111cr
means for continuously supplying said porous mater1al |

a Wlth a liquid prmtmg medium,

15
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7. An apparatus in accordance with claim 4 in whlch

_sald porous material comprises foamed polyurethane con-
taining within the pores of the foam a- hqmd prmtlng

medium.

8. An apparatus in accordance w1th clalm 4 in which
said porous material is divided into at least two sections .
by means comprlsmg at least one llqmd 1mpermeable_
separator,

9. An apparatus in accordance with claim 4 including
a foraminated screen disposed between the exposed sur-
face of said porous materlal and the surface of said body
to be printed.

-10. In a printing apparatus ‘the. 1mprovement which
comprises a porous material adapted to contain inter-
stitially a liquid printing medium, said porous material

‘being enclosed within a 11qu1d-1mpermeable housing with

a portion of the outer surface of said porous material
facing an exposed surface of a body to be printed, a

-substantially r1g1d plate forming a statlonary portion of
~saild housing in contact with a portion of the outer

surface of said porous material not facing said body to

‘be printed, means for supporting said hous1ng so that

the exposed surface of the porous material is adjacent
to and spaced equidistant from the surface of said body
to be printed, electrically-actuated pulse-applying means
adapted to apply to said plate a pulse of energy to cause

- printing medium to be projected from the exposed sur-

40

face of the printing medium to the surface of the body
to be printed, and electrical means for actuating said
pulse -applying means while said surfaces of said prmt—

ing medjum and said body to be printed are still equ1-

distantly spaced.

45

surface of said porous material other than said exposed

surface a pulse of energy sufficient to project said print-

material and said body, said printing medium being de-

- posited upon the surface of said body thereby printing the

- same without causing contact between said body and sa1d
- porous material. .

| 2. The method in accordance with claim 1 Which n-
- cludes the step of disposing a stencil  between said ex-
posed surface of sa1d porous materlal and said surface

to be printed.

3. The method in accordance W1th claim 1 in which
~ said pulse is applied to a rigid me

the surface of said porous materlal oppos1te sa1d eX-

posed surface.

4. In a printing apparatus, the Improvement which
~comprises a porous material confaining a printing medi--

um, a non-porous means for confining the outer surface
of said porous material except that portion of the surface
from which the printing- medium is to be projected, the

1ber in contact with

11, Apparatus in accordance with clalm 10 in which
said rigid plate is in contact with the outer surface of
said porous material opposite to said exposed surface.

12. In a printing apparatus, the combination which

- comprises, a porous material adapted to contain inter-
ing. medium across a gap existing between said porous ’ P t

50

stitially a liquid printing medium, said porous material-

being enclosed within a ﬂuld—lmpermeable housing with a-
‘portion of the outer surface of said porous material
exposed, said exposed portion of said porous material

- facing an exposed surface of a body to be printed, a _'

55
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substantially rigid plate forming a stationary portion of
- said housing in contact with a portion of the outer sur- |

face of said porous material not facing said body to be
printed, a stencil interposed between said exposed sur-
face of said porous material and said exposed surface
of said body to be printed, means for supporting said

.- housing so that the exposed surface of the porous ma-- _'
‘terial is adjacent to and separated from the surface of |

said body to be printed, electrically-actuated pulse- - '

- applying means adapted to apply to. said plate a pulse of

65

energy to cause particles of said printing medmm to be

- projected from the exposed surface of the prmtmg medi-

exposed surface of said porous material being adjacent

to but separated from an exposed surface of a body to

- be printed, means for_ malntamlng the exposed surface
~of said porous material a predetermined distance away
- from the surface of said body to be printed, and means

- for applying a pulse of sufficient amplitude to a rigid |
- member in contact with a surface of said porous ma-

terial other than said exposed surface to cause said

70
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um to the exposed surface of the body to be printed, and

electrical means including means for actuating and reg-
ulating the amplitude and duration of pulse produced

by said pulse-applying means so that said particles of
‘said printing medium are projected while said surfaces
- of said printing medlum and sa1d body to be prmted are

still separated. o
13 In a process for prmtmg, the steps whlch com-
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prise, placing a porous material containing a liquid
printing medium in spaced relation to a body to be
printed such that an exposed surface of said porous
material is -adjacent to but separated from an exposed
surface of said body, interposing a stencil between said
exposed surface of said porous material and said ex-
posed surface of said body to be printed, and, while hold-
ing a substantially non-porous member in contact with
the portions of the outer surfaces of said porous material
not adjacent said exposed surface to be printed, applying
to said member an electric pulse of energy of sufficient
amplitude and duration to cause particles of liquid of
said printing medium to be projected from the exposed
surface of said porous material to the exposed surface
of said body to be printed while the surface of said
body is still separated from the surface of said porous
material.
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,180,256 April 27, 1965

Walter E. Kramer et al.

It is hereby certified that error appears in the above numbered pat-
ent reguiring correction and that the said Letters Patent should read as
corrected below.

Column 1, line 14, for '"prnting" read -- printing --;
column 3, line 4, after "printing'" insert -- surface and
secured to the printing --.
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