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ABSTRACT: A print is made of an object having a surface
with a considerable contour variation by first printing the
image on an intermediate carrier surface which is capable of
being deformed in such a manner that it will envelop the
required area of the surface upon which printing is to be done
without wrinkling and without allowing relative movement or
sliding between the object surface and transfer surface as they
are brought into conforming contact and then separated. The
image may be transferred from the intermediate carrier sur-
face either by the application of an electric field while the in-
termediate carrier and the object are in contact, or by apply-
ing a thin layer of a suitable liquid to the object surface prior
to applying the intermediate carrier thereto.




PATENTED Jun28 187 3.587.455
SHEET 1 OF 7

INVENTOR

CLYDE O. CH/ILDRESS
JOMA LAY
&7

Lol g Hnclid,

ATTORNEYS




PATENTED Jun28 97 3,587,455
SHEET e OfF 7

30

55555515 To 35 8s]) S 55535, 5533 53¢ Prosisis 5535155 ]

.
SOURCE OF
3 AR UNDER

Fig. £4 PRESSURE

SOURCE OF
VACUUM

Frg. 6 4 Frie. 88
29 27 I NVENTOR
CLYDE O. ), CINLORESS
JOHN

il %MM

ATTORNEY'S



PATENTED Jun28 187 3,587,455
SHEET 3 OF 7

INVENTOR

CLYDE O©. CH/ILDRESS
JOHN DAY

=Y Ji,&..ﬂ‘?, o Fradil

A7 ORNEY S,



PATENTED Jun28 197 3.587.,455

SHEET & OF 7
| O8
l s
/I\O
| ' 12
| "6
{ ] /
\\4/ AN NS NNY
}{7' 76 4
\ 20
o~ 122
= 124
===
- 126
1S
l‘l | T l"
t ; |1
by g
Sal . =
********* 128
]1:9/., 77 A
v V24
126
h Hililiin
///// /
I
Yl/ ./
CL\— _
f.@. 2158 S~ -
S NVENTOR

CLYDE O CHILDRESS
JOHN DAY

£ Q-
i‘yMﬂn?qLW

ATTORNEY S



PATENTED Juk28 @7 3,587,455
SHEET S OF 7

| |56
i ”

STATION

STATION

1:{_7» 72 4 INVENTOR
CLYDE O CHILDRESS
JOHN DAY

Bym?ao//ﬁ«w

ATTORNEYS



PATENTED Jun28 1971

SOURCE
OF
POTENTIAL
™
173
180, 5
o
o}
173 162 \77
)
SOURCE. |
OF LT &
POTENTIAL G
1E1
T o)
o)
\68\_1
£0)
{66 E
f{y, 43 5

3,587,455
SHEET 6 OF 7
INKING /\72
STATION
171
L
V7O
L/
f{?’. £F A4
172
163
176
180 LS
o) L1
leo
178
174
161
| 170
INVENTOR
CLYDE O.CHILDRESS
JOHN DAy

Byuﬂ‘?ﬁw

AT7ORNEYS



PATENTED Jun28 17 3.587.455

SHEET 7 OF 7

208

202 _ > 210

2l

190 2192 S =

o :’ o | B I T N Q 214

o
n
/I_—_—
L___
)
AN
/

o 186

INVENTOR

CLYDE ©. CHILDRESS
JOHN DAY

By% o fredal.

ATTORNEYS



3,587,455

1
OFTSET PRINTING ON CURVED SURFACES

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to offset printing and more particu-
larly to improvements therein.

2, Description of the Prior Art

The problem of printing on objects such as containers of
glass or plastic, which have curved walls, wherein the print is
to cover an extensive area, still has no completely satisfactory
solution. Contoured screens are used in some instances, which
are matched to the gross container shape. Or where the con-
‘tainer has a simple cylindrical or conical shape, it is rotated
adjacent to a flat screen in synchronism with a suitable feed of
ink through the screen. Where complex contoured surfaces
require printing however, the use of contoured image screens
has been resorted to. However, these are difficult to fabricate.

OBJECTS AND SUMMARY OF THE INVENTION

An object of this invention is the provision of an arrange-
ment for enabling the printing on a wide variety of complex
surface shapes without resorting to shaped image screens or
the use of rotational juxtaposition of an object to a flat screen.

Another object of this invention is the provision of a novel
offset printing technique whereby printing is afforded on a
wide variety of complex surface shapes.

Still another object of this invention is the provision of a
relatively inexpensive offset printing arrangement for printing
on a wide variety of complex surface shapes.

These and other objects of the invention are achieved by
employing an intermediate carrier surface such as a
prestressed elastic membrane, or the surface of a porous
material, either of which has the property that it can be
deformed in such a manner that the surface will envelop the
required area of the shaped object upon which the printing is
to be transferred without wrinkling and without allowing rela-
tive movement or sliding between the object surface and the
transfer surface as they are brought into conforming contact
and removed from such contact. The image is first transferred
to the intermediate carrier surface by any suitable means. The
image carrier surface is then brought into contact with the
receiving surface. Transfer from the intermediate carrier sur-
face to the receiving surface is accomplished by suitable
means such as by the application of an electric field or by a
prior surface preparation of the image receiving surface with a
suitable liquid.

The novel features of the invention are set forth with par-
ticularity in the appended claims. The invention will best be
understood from the following description when read in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B illustrate an arrangement for obtaining
printing contact between a membrane intermediate carrier
and a cylindrical surface;

FIGS. 2A and 2B illustrate an undesirable arrangement for
obtaining printing contact between a membrane intermediate
carrier and a spherical surface;

FIGS. 3A, 3B, and 3C illustrate an arrangement, in ac-
cordance with this invention, for offset printing on a spherical
surface;

FIGS. 4A through 4D show, in section, an offset technique,
in accordance with this invention, using predistortion;

FIGS. SA, 5B, and 5C show, in section, another offset
technique in accordance with this invention;

FIG. 6A and 6B show, in section, how to perform a mem-
brane to secure offset printing in accordance with this inven-
tion.

FIGS. 7A, 7B, 7C, and 7D show another offset printing ar-
rangement, in accordance with this invention;

FIGS. 8A, 8B, and 8C illustrate another arrangement for
offset printing, in accordance with this invention;

FIGS. 9A, 9B, and 9C illustrate another arrangement for
offset printing, in accordance with this invention;
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FIGS. 10A and 10B illustrate how offset printing may be
achieved, in accordance with this invention, using a thin foam
pad;

FIGS. 11A and 11B illustrate an offset printing arrangement
in accordance with this invention, using a pleated wall; and

FIGS. 12 and 12A, 13A, 13B and 14 illustrate practical
realizations of offset printing using inventions described
herein.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

FIGS. 1A and 1B illustrate an arrangement for obtaining a
conforming contact between an intermediate carrier and the
surface of an object upon which it is desired to print using an
offset printing technique. The object, by way of example, may
be a cylindrical container 10. The intermediate carrier 12 may
be a flexible member which is held stretched flat by means of
the springs 14, 16, 18, and 20. Two rods 22, 24 are in contact
with the bottom part of the carrier 12.

The printing 26 desired is placed on the surface of the carri-
er. The printing may be applied to the intermediate carrier in
any of the ways known in the art, including silk screen printing
or electrostatic printing, in the manner described in U.S. Pat.
No. 3,081,698 to Childress, et al.

As shown in FIG. 1B, the cylindrical object 10 is moved
downward until all of its surface area upon which printing is to
occur is in contact with the corresponding surface area of the
intermediate carrier. The mechanism for transferring the
printing may be by the use of an electric field which is
established between the cylindrical object and a backplate 26.
A source of potential 28 is connected across these two to
establish the electric field.

While the technique for printing which is shown in FIGS.
1A and 1B may be suitable for printing over a large area of a
cylindrical surface, it is not capable of conforming to deeply
textured surfaces, or to surfaces having local surface relief
decorative variations, or to surfaces with an appreciable com-
plex curvature. To print on a complex curved surface such as
that of a hemisphere, the carrier membrane must be more
freely deformable. A hemisphere or similar shape with a sub-
stantially smooth surface may be printed by using a tensioned
elastic membrane as an intermediate carrier surface. How-
ever, it is difficult to print a substantia portion of a sphere by
this method without slippage between the carrier surface and
the sphere due to the progressively increased tension as the
surfaces mate. This generally results in smearing of the image
and great distortion due to the much greater surface of the
receiving hemisphere which is twice that of the flat membrane
of the same diameter. This is also not capable of achieving
contact with small scale local variations of surface contour.

FIGS. 2A and 2B illustrate in section a container 30 which
has a substantially spherical surface upon which it is desired to
print using an intermediate carrier diaphragm or membrane
32. From FIG. 2A one can obtain an idea of the relative dif-
ferences in surface area between the intermediate carrier 32
and the spherical surface of the container 30. As shown in
FIG. 2B, when the container 3@ has its spherical surface
pushed into the intermediate carrier 32, the surface of the in-
termediate carrier stretches to accommodate the spherical
surface and in doing this, as the container 30 is forced into
larger and larger area contact with the intermediate carrier
surface, the intermediate carrier surface under goes progres-
sively increased tension resulting in a smearing of the image
and distortion.

FIGS. 3A, 3B and 3C illustrate a technique for overcoming
this problem, in a2 manner in accordance with the teachings of
this invention. FIG. 3A is a plan view and FIGS. 3B and 3C are
views in cross section. An intermediate carrier or membrane
34, having previously had printing thereon, is initially
stretched flat across four or more vertical support members
respectively 36, 37, 38 and 39. Each of these is pivotally sup-
ported on pivot members respectively 40, 41, 42, 43. As
shown in the cross-sectional view, at the other end of each of
the opposite vertical support members, 36 and 38, for exam-
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ple, there are pivotally attached two transverse members
respectively 44, 46. The other ends of all of the transverse
members are pivotally attached to a center member 48.

It should be noted that the membrane 34 is represented as a
dotted line for the purpose of illustrating its configuration as
against the spherical container in FIGS. 3A and 3B.

FIG. 3B shows the various structures of the printing ar-
rangement before the printing contact operation. FIG. 3C
shows the arrangement of the printing operation during the
actual process of printing. The spherically surfaced container
390 is lowered into contact with the diaphragm 34 until the
diaphragm encompasses the full area of the container upon
which printing is to occur. As shown, the member 48 is raised
or moved upward as the container is moved downward which
results in the progressive decrease of the peripheral tension on
the membrane as the spherical surface is brought progressive-
ly into contact therewith. By this means the minimum tension
necessary toachieve smooth progressive contact is maintained
throughout to operation of bringing the two surfaces into con-
tact. This minimizes the tendency of the membrane to creep
on the surface with consequent smearing of the image. Again,
the transfer of the print which was placed on the membrane
prior to its being brought into contact with the container can
be done by any number of known methods.

FIGS. 4A through 4D illustrate in section another arrange-
ment, in accordance with this invention, whereby offset print-
ing of a complex surface may be accomplished. in FIG. 4A, an
air plenum 50 is defined by the region between an elastic
membrane 52, which is supported on the top surface of a
cylindrical wall 54, which is made of a material such as a com-
pressible closed pore foam. This pore foam must have suffi-
cient strength to hold the membrane 52 flat for receiving an
image thereon. The application of the image to the top surface
of the membrane may be by any of the known methods such as
silk screening or electrostatic printing whereby electroscopic
powder particles are applied to form the image desired to be
transferred to a body or container 30 having a complex sur-
face.

Air is emitted into the plenum 50 from a source of air under
pressure 56. It causes the membrane 52 to distend outward
and causes the compressible walls 54 to collapse inward. The
object 30 is thereafter brought into progressive contact with
the membrane 52 which permits a smooth progressive con-
tact, ending up in the configuration shown in FIG. 4D, with
the result that there is a minimal possibility of slippage
between the membrane surface and the container surface.

The arrangement shown in FIGS. 4A through 4D utilizes a
predistortion of the membrane prior to contact between the
surfaces. The membrane is caused to extend toward the object
to an extent to substantially duplicate in form and area, but
with a reverse curvature, that of the surface to be printed
upon.

This general technique may also be sued with containers or
objects which have concave deformations. This is shown in
section in FIGS. 5A, 5B and 5C which are sectional views and
show the progressive steps in printing upon the surface of a
body 60, which has these types of surface variations. A
plenum chamber 62, as before, is closed at the top by an
elastic membrane 64 which is supported by cylindrical side
walls 66, made of pore foam. A porous resilient material form
68 which is sufficiently firm to hold its shape when pressure is
applied thereto is in the base of the plenum. Its top surface 71
has the same configuration as that of the surface of the object
60 upon which printing is desired. The base of the plenum is
connected to a source of vacuum 70. As shown in FIG. 5B,
upon the application of the low pressure air to the base of the
plenum, the membrane 64 is drawn down onto the surface 70
until it conforms thereto. The side walls 66 also bend inwardly
to assist in this. The object 60 is then lowered until, as shown
in FIG. 5C, its surface is in contact with the correspondingly
deformed surface of the membrane 64. The transfer of the
printed image from the membrane to the surface of the object
60 can then occur by the application of an electric field
between the two, or other known techniques.
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FIGS. 6A and 6B show another variation of the membrane
transfer method in accordance with this invention wherein the
predistortion of the membrane occurs when it is initially
manufactured. FIG. 6A shows a partial section of a membrane
72. The membrane is fabricated in such a manner that it has a
surface area substantially equal to that of the surface being
printed. The membrane is shaped in a manner analogous to a
Fresnel lens. For the case of a hemispherical printing surface,
the membrane is molded to a form which may most simply
consist of a series of concentric waves of pleats such that the
surface which normally reposes in a substantially fiat plane is
extensionable into conforming contact without gross
stretching of the membrane. An arrangement of this type is
possible only because of the ability to print thereon using the
electrostatic screen process of the above indicated Childress
et al. patent whereby a powder image may be transferred to
the membrane surface when substantially flat, as shown in
FIG. 6A, and the image has substantially equal density in the
hills and valleys of the membrane corrugations. FIG. 6B shows
the membrane 72 being effectively wrapped around a body 74
having a cylindrical surface. No slippage occurs between the
membrane and the surface of the body. An electric field is ap-
plied by connecting the body and the membrane, if they are
sufficiently conductive to a source of potential. If these are not
sufficiently conductive, then conductive electrodes may be
employed which are placed so that the membrane and body
are within the thus produced electric field.

A preferred arrangement, in accordance with this invention,
which seems easiest to use and is most adaptable to high speed
operation utilizes the surface of a fine texture open pore foam
of a suitable elastomer as a transfer carrier for the print. A
suitable material is a urethane foam manufactured by the
Scott Paper Company under the trade name of “Scottfoam.”
The essential characteristics are that the material has extreme-
ly free compressibility and relatively high strength in tension.
The action of such a material, when compressed by a con-
toured object surface may be seen in section in FIGS. 7A
through 7D.

InFIG. 7A, the intermediate carrier comprises a block of an
open pore foam elastomeric material 76 such as the urethane
which has been mentioned. The end surface of this material is
ruled off into a grid 78, for the purpose of illustrating the
behavior of the material when it si compressed by the applica-
tion thereto of the object 80, upon whose spherical surface
printing is to occur. The printing is deposited on the surface of
the block of material by an electrostatic printing technique
such as that described in the Childress et al. patent.
Thereafter, as may be seen in section in FIGS. 7B and 7C, the
spherical surface upon which printing is desired is pushed into
the urethane foam block to a depth which insures that the sur-
face to be printed on is in contact with the surface of the
urethane block. The deformation of the grid pattern 78 in
FIGS. 7B and 7C illustrates the conforming action of the
material as the sphere is depressed thereinto. It should be ap-
preciated that because the material is freely compressible sub-
stantially equal pressure is exerted on the surface of the sphere
by the opposing material, on the lowest point of the opposing
material to the point near where the foam surface no longer
touches the sphere. FIG. 7D shows the compression response
of the foam to an abrupt local contour change 82 in an object
84. The length of the contacting cross section line of the foam
surface is substantially the same as the line defining the sur-
face of that portion of the sphere contacting the foam. The cir-
cular area depressed by a full hemisphere has a diameter sub-
stantially equal to the contacting circumference of this sphere.
Accordingly, the foam contacting surface is approximately
1.23 times the hemisphere surface. The peripheral surface of
the contacting foam is not stretched, as it would be with a taut
elastic membrane, but is compressed so that a circle defined
by the outer most contacting area is approximately 57 percent
shorter than it is in its original flat state.

Referring back to FIG. 7C, the arrangement for transferring
the powder image from the surface of the urethane foam to
the spherical object 80 may be by the application of a poten-
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tial from a source 86 which is connected across these objects
through a switch 88. If the proper polarity potential is applied
with respect to the polarity of the charge of the electroscopic
powder used in making the powdered image, the powder
image is transferred to the spherical surface 80 and remains
there after the foam is removed.

It should be appreciated that in order to establish the trans-
ferring electric field between the powder image carrier and
the image receiving object surfaces, a resistive region
therebetween or inclusive must be established. This may be
provided by the electrical properties of the image carrier, or
image receiver, or by applying resistive coatings to their sur-
faces which provide the necessary resistance. The urethane
foam has these resistive properties. The powder used for print-
ing if thick enough and if nonconductive, can also provide
this.

Since the cut surface of an open pore foam may present as
little as 3 percent actual surface to receive the powder image,
it may be necessary to modify this surface to retain the image
deposit and prevent its loss into the depth of the foam. This
may be done by increasing the closed surface and/or by elec-
trical means. The surface changes must not interfere signifi-
cantly with the compressive characteristics of the foam
material and must not wrinkle when subjected to the area
compression necessary to encompass the contours of the sur-
face being printed.

One further characteristic is required of a surface in those
applications where the surface must conform to depressions in
the image receiving surface which is so situated that air might
be trapped within the concavity formed between the two sur-
faces and thus prevent contact of the carrier surface with the
object surface. In this case. one of the surfaces must be per-
forated or must be textured or grooved to allow air to escape
either through the foam or along the surface. A number of
techniques have been devised to provide the required surface
or skin behavior.

In one obvious arrangement, the skin surface of the inter-
mediate carrier may be made of a multiplicity of discrete small
lands which allows the compression of the foam surface to
take place but which provides sufficient closed surface area so
that the image is not textured upon transfer to the receiving
surface. A second arrangement is to texture or pleat the sur-
face skin to allow controlled small scale folding to compensate
for the required compression of the surface area.

Yet another arrangement may be to use a prestressed elastic
film in combination with the foam, which has been formed or
stretched to the contours of the final receiving surface prior to
the attachment of said film to the foam surface.

A prestressed elastic film may be used, which has been
formed or stretched to the contours of the final receiving sur-
face, prior to the attachment of the film to the foam surface.
The foam surface is first depressed or deformed to the position
it will assume when conforming with the surface upon which
printing is to occur. Thereafter the film surface is adhered to
this depressed foam surface. The foam structure is then per-
mitted to recover its original plane surface and the skin will
retain the proper elastic response to reconform to the object
thereafter.

FIGS. 8A, 8B and 8C illustrate in cross section an arrange-
ment for obtaining prestressed skin. An object 90, which has
the surface shape identical with the object upon which print-
ing is desired has covering surface area thereof, upon which
printing is to occur, covered by a thin elastic membrane 92,
such as of rubber. The membrane is stretched evenly to the
minimum tension necessary to avoid wrinkles around the
center of the spherical surface.

As may be seen in FIG. 8B, a foam structure 94 has its sur-
face covered with a thin adhesive layer, as is the surface of the
membrane 92. The sphere and its partially converging mem-
brane are depressed into the foam structure and are main-
tained depressed until the membrane adheres to the foam
structure.
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FIG. 8C, shows that the sphere is removed permitting the
foam . to recover its original shape. The skin 92 is now
prestressed, and for printing it will assume the surface of the
object to be printed upon without wrinkling or stretching.
Other spherical objects upon which printing is desired are
pushed into the foam to receive printing, in the manner shown
in FIG. 8B.

Another arrangement for using prestressing techniques is
shown in cross section in FIGS. 9A, B and C. A block of foam
structure 96 has a recessed shape 98 cut therein whose con-
tours will fit the contours of the object surface to be
decorated. The elastic film surface 100 is attached by suitable
adhesive to the recessed surface.

As shown in FIG. 9B, the edges 102, 104 are then pulled
down, tensioned, and finally assume the position shown in
FIG. 9C. The edges are pulled down until the recessed area as-
sumes a stable plane surface. Thereafter, when an object hav-
ing the spherical surface is applied to the prestressed surface,
the edges will come back up and adhere thereto whereby the
membrane will contact the printing surface of the spherical
object. Obviously when the object or container upon which
printing is to occur is pushed against the now presented plane
surface, the ends 102, 104, will return to the configuration
shown in FIG. 9A. The prestressed membrane has assumed
the shape of the spherical surface upon which printing is to oc-
cur. The transfer of the ink from the membrane to the object
surface is then accomplished by the application of a transfer-
ring electrical field, for example.

In the previous examples of printing, in accordance with this
invention, it has been assume that the thickness of the com-
pressible foam material was utilized to perform the function of
total contour accommodation. It may be mechanically ad-
vantageous in some instances, to use a thinner layer of foam
material and to assist in the contour accommodation by per-
mitting the foam to flex.

An arrangement which accomplishes such a purpose is
shown in cross section in FIGS. 10A and 10B. A spherical ob-
ject 108 is positioned above the printing surface 110 of a com-
pressible foam material 112. The thickness of the compressi-
ble foam material is less than the thickness of the spherical ob-
ject 108. An elastic membrane 114 which is held by a frame
116, approximates the function of the lower layers of foam
material where the thickness of the foam material exceeds that
of the object upon which printing is to occur. The frame 116
has an appropriately shaped opening to accommodate the ex-
trusion therethrough of the foam material which occurs, when
as shown in FIG. 10B, the object is depressed into the foam to
obtain enough surface in contact with the surface 110 of the
foam material so that printing will occur over the area of con-
tact.

It should be appreciated that prior to applying the object to
the surface 110, an image is deposited thereon. When the ob-
ject 108 has been brought in contact with the surface 110 suf-
ficiently to insure that the entire area to be printed is covered,
then a potential from a source 112 may be applied between
the foam and the object by closing a switch 115. Thereby, if
the image is made of electroscopic powder particles these
powder particles are caused to adhere to the object after it is
removed from its contact with the surface 110. The surface
110 may have a thin diaphragm placed thereover which ad-
heres to the underlying foam. The rectangular grid sketched
over the representation of the foam indicates how substan-
tially equal pressure is exerted on the surface of the object
from its lowermost and central point of contact with the foam
to the region which the foam begins to extend away from the
object. Thereby, a clear printing can be achieved without any
smearing. Smearing occurs when there is a difference in pres-
sure produced over the area where printing is to occur, which
pressure difference can lead to sliding motion and thus a
smearing of the image.

The characteristic feature of offset printing, in accordance
with this invention, is that the surface of the intermediate car-
rier is maintained free to converge toward the object upon
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which printing is to occur as the object is pressed into the off-
set carrier. This feature is called the conforming characteristic
of the carrier. The conforming characteristic of the foam may
be controlled by a modification to control the compressibility
and recovery rate. This may be done by increasing the local-
ized resilient response of the foam material, by coating the
foam structure filaments in local areas with resilient elastic
coatings. Using a hypodermic needle, one may inject addi-
tional filaments of self-vulcanizing elastomers into the struc-
ture, and by appropriate laminations or insertions of stronger
or weaker elastic of flexible materials.

The most valuable use of techniques for controlling com-
pressability and recovery of the urethane foam may be utilized
to control the outer wall of the structure that must coliapse or
lean toward the center as an object is depressed into the sur-
face of the structure. Various structures have been devised
that are effective for this purpose, such as a wall or closed core
resilient polymer foam (a product manufactured and sold as
“Insulite,”) which is laminated to the peripheral wall of the
carrier structure. Other techniques have used spaced vertical
strips of thin fiberglass epoxy laminate.

FIGS. 11A and 11B illustrate how a wall bay be reinforced
to control its resilience. In FIG. 11A there may be seen a block
of foam 120, having a prestressed membrane 122 over its sur-
face. The outer wall of the foam is adhesively adhered to a
folded or pleated steel wall 124 which surrounds the wall of
the foam. This spring wall may be operated with a secondary
rigid wall 126. FIG. 11B shows a container 128 which is in-
serted into the carrier to have printing applied to the surfaces
thereof. It will be seen that the wall folds inward and away
from the rigid wall 126.

The wall 126 of FIG. 11A may be mounted over an opening
in the manner shown in FIG. 10, to allow less depth of foam to
be used than would be otherwise required. This opening may
be backed by a closed plenum. An additional tangent elastic
member is adhered to the bottom of the foam placed over the
opening in the plenum. The plenum may be attached to a
source of air pressure which is controlled to inject air, after
completion of an image transfer cycle, to accelerate the
recovery of the carrier to its original plane shape. Proper regu-
lation of the air pressure may be used to compensate for
fatigue of the foam structure that may take place after the
long, continuous operation.

While the operation of transferring a powder image form
the intermediate carrier to the object has been described
herein as being performed by the application of a transferring
electrical field, in accordance with this invention, other ar-
rangements may be employed. One such arrangement for ef-
fectuating the transfer may be by the application of a thin
layer of a suitable liquid over the surface of the object to be
printed whereby the powder image deposit may be made to
adhere preferentially to the object surface. It is not necessary
and is generally undesirable that this liquid wet the powder
image deposit in depth, nor is it generally desirable that it have
a solvent action on the powder material. Inert liquids leaving
essentially no residue on the container surface have proven
most effective, although it is possible to utilize material that
may be desirable on the final surface of the object. An exam-
ple of one of these material is a silicone emulsion which is used
as a lubricant for glass surfaces and also as an antistatic coat-
ing for plastic containers. A thin moistened layer of the sil-
icone emulsion is applied to the object upon which the print-
ing is to occur over the surface region where the printing is to
be applied. A thin moistened layer is capable of creating a
bond with the uppermost layer of the powder image deposit,
which bond is substantially stronger than the electrostatic
bond which exists between the surface of the carrier and the
powder image. The internal cohesive forces that bind the
powder particles to each other are not disturbed and may, in
fact, be enchanced by exerting pressure between the surfaces
which brings the individual particles into more intimate con-
tact. In this manner an image may be transferred intact to the
final object surface.
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A wide range of liquids have been found suitable for form-
ing this thin transfer line. For example, various alcohols,
mineral spirits, glycerin, and glycol have been used success-
fully. Selection of liquids is dictated by the method of applica-
tion to the object surface and by the effect of the liquid on the
object surface, on the transfer surface and the powdered ink.
The liquid may be applied by spray or by wiping. It should wet
the object surface and form a thin substantially even film. In
general, it should have little or no solvent effect on the powder
or the object surface.

FIG. 12 is a schematic arrangement, shown in elevation, of
an apparatus for printing on irregularly shaped objects such as
bottles, in accordance with this invention. FIG. 12A is an ex-
ample of the shape of a bottle upon which it is desired to print.
The bottles 130 are carried on a conveyor past two spraying
stations respectively 132, 134. The spray used on the bottles
can be one of those previously mentioned, such as alcohols,
mineral spirits, glycerin, glycol and/or dimethylpolysiloxane.
The bottle which is so coated is then carried between two
revolving drums respectively 136, 138. The drums have af-
fixed to their surfaces a plurality of spaced foam pads respec-
tively 140, 142. The drums rotate in the manner indicated by
the arrows. As the drums rotate, each one of the respective
pads is passed by three linking stations, respectively 144, 146,
148 and 150, 152, 154. Each one of the inking stations com-
prise an electrostatic drum printer of the type shown in the
aforesaid patent to Childress et at.

The three inking stations for the respective drums 136 and
138 deposit a three color image on each pad as it passes by
these inking stations. Accordingly, when a bottle is moved into
the region at which the drums are closest to one another, the
pads effectively enclose a bottle and thereby the powder
image is transferred from the foam pads to a substantial region
of the bottle surface. As the conveyor line continues to move,
the bottle passes from between the two pads and into a fixing
chamber 156 wherein the image transferred to the bottle is
fixed by heat.

Another arrangement for a production line, utilizing the
techniques in accordance with this invention is shown in FIGS.
13A and 13B. Here a central rotatable drum 160 has mounted
about its periphery inking pads 161, 162, 163, and 164. The
bottles 166 are carried on a conveyor 168 past a printing sta-
tion. There are three stations respectively 170, 171 and 172
which are provided for applying the three color images to the
image receiving surfaces of the pads 161 through 164. The
image receiving surface of each pad will comprise a mem-
brane of the type described.

Each inking station may comprise an image screen with a
suitable arrangement for transferring a powder image to the
image receiving surface of the intermediate carriers 161
through 164. These inking stations again, may comprise ar-
rangements such as are shown and described in the aforesaid
Childress et al. patent.

At the image transfer station, a source of potential 173 is
provided. It has two flexible contacts respectively 176 and
178. A bottle strikes a contact 176 when it reaches the image
transfer station. The contact 178 will connect with the par-
ticular one of the printing pads which is extended to envelop a
bottle at the image transfer station. It will be appreciated that
in FIG. 124 the printing pads are all shown retracted. In FIG.
12b, the printing pads are all shown extended. Each pad is sup-
ported on a carrier respectively 174, 175, 176 and 177. Each
one of these carriers in turn is supported by an extendable and
retractable arm respectively 178, 179, 186 and 181. The
mechanism for extending and retracting these arms and for
turning the drum 160 a quarter of a revolution when each of
these arms is retracted and thereafter to extend these arms is
simple mechanical structure.

The center of each pad is cut out so that each pad is sup-
ported by its ends on the respective supports 174, 175, 176,
and 177. A diaphragm is attached to the inside of each pad in
the manner described in connection with FIG. 19A and 10B.
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The conveyor belt 168 brings a bottle to the image transfer
location. At this time all of the arms extend the pads. The
three pads opposite the inking stations at this time receive an
image while the fourth pad, which is at the image transfer sta-
tion, effectively wraps around the battle and contacts the
source of potential whereby the image is transferred to the
bottle. The arms are thereafter retracted. The drum 160 then
makes another quarter turn. A new bottle is brought into posi-
tion. All the pads are then moved outwardly to repeat the
cycle just described. A fixing chamber 180 serves to fix the
powder images which have been transferred to the bottles.
From the foregoing description it should be appreciated that a
three color image is deposited on each pad prior to its arrival
at the image transfer station. This three color image is trans-
ferred in a single contact with the bottle.

There has accordingly been described and shown herein a
novel, useful offset printing system wherein the offset image
carrier is made of a material which enables the image carrying
surface of the image carrier to conform to the surface of an
object having a complex surface, in such a manner so that slip-
page is rendered substantially minimal between the surface of
the carrier and the contacted surface; and the surface of the
carrier is applied with a substantially equal pressure over and
to all of the contacted surface of the object. A transfer of the
image previously deposited on the surface of the carrier to the
surface of the object can then be achieved in a number of ways
including the application of an electric field or by the prelimi-
nary wetting of the surface of the object, etc.

FIG. 14 is perspective view illustrating another example of
how the foam pads may be used to achieve offset printing in
accordance with this invention. A conveyor 182 carries bot-
tles 184 by mean of suction fixtures 186 past image transfer lo-
cations 188, 190. It should be understood that each bottle is
also held by a top conveyor attachment similar to the one
shown on the bottom of the bottle. This has been omitted from
the drawing in the interest of clarity. However, it is required to
insure that each bottle is held firmly at each image transfer
station. These image transfer locations are defined as the loca-
tions at which foam pads 192, 194 respectively apply to the
bottle, a front image and a back image, or the two images
which cover the bottle. The bottle is rotated 180° between the
image transfer location 188 and 190. Any suitable technique
may be employed for achieving image transfer, such as the
electric field technique or the prewetting technique previously
described.

The foam pads are supported one adjacent the other
between two spaced flexible bands, 196 (only one of which
may be seen). The bands are maintained spaced apart by tie
rods 198, which in turn are spaced horizontally from one
another by the distance between foam pads.

The tie rods fit into notches 200, 202, which are cut at the
edges of two spaced, rotatably supported discs respectively
204, 206. There are similar spaced underlying discs which are
not seen here. These discs serve as a backing for the tie rods
which to turn strengthen and space the flexible bands 196. As
the two discs 204, 206 (which have counterparts not shown, at
the lower portion of the tie rods), rotate, each foam pad is
passed by three rotating drum printers respectively 208, 210,
212. These rotating drum printers apply a three color image to
each one of the pads. These images are alternately the front
and the back images which are applied to the bottles. The
rotating drums will each have two image screen respectively
214, 216, one of which applies the front image and the other
applies the back image to alternate pads. In this manner, none
of the pads is missed as it passes by a drum printer. The drum
printer may be of the type described and shown in the Chil-
dress et al. patent.

Accordingly, the operation of the system schematically
shown is one wherein each pad passes by the three drums
which are rotating, to receive therefrom the three color image
of either the front or the back image to be applied to the bot-
tle. After the pads pass the three drums, the rods engage the
notchesin the rotating disc 204 and are carried to a first image
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transfer station where the bottle is pressed into the foam so the
approximately half of the bottle’s surface is in contact with the
foam. The front image is transferred to the bottle eat.that loca-
tion. The bottle is then conveyed away from the first image
transfer location, rotated 180° and conveyed to a second
image transfer location. The foam pads are carried away from
the first image transfer location, and are given an arc by way
of a slotted guide 216, which serves to move the bands and
thereby the pads out of the way of the bottles and also serves
to tighten up the bands so that they are more positively en-
gaged by the slots of the respective discs 204, 206. Also, the
arc lengthens the travel of the foam pads over the travel of the
bottle conveyor sufficiently to skip a pad over the arc
distance. Thereby at the second image transfer location an al-
ternate pad is brought into printing contact with a bottle. An
alternate arrangement to the foregoing would be to move the
pads in a straight line and to put a jog in the bottle conveyor
belt.

At the second image transfer location 190, the back side of
the bottle is pressed into the foam pad to effectuate image
transfer. The bottles are then carried by the conveyor into the
fixing oven 212. ‘

Although particular embodiments of the invention have
been described and illustrated herein, it is recognized that
modifications and variations may readily occur to those skilled
in the art and consequently it is intended that the claims be in-
terpreted to cover such modifications and equivalents.

We claim:

1. An offset printing system for printing on the surface of an
object having a curved surface comprising a resilient deforma-
ble image carrier having a portion thereof on which a powder
image to be transferred to said object is deposited,

means for nonrotatably and progressively pressing said ob-

ject curved surface against the portion of said image car-
rier upon which said image is deposited until all of said
portion of said image carrier covered by said powder
image conforms to said surface of said object,

movable, yieldable and restorable support means for sup-

porting said portion of said image carrier upon which said
image is deposited for progressively decreasing any
peripheral tension which is caused thereon by said curved
surface being progressively pressed into contact
therewith for minimizing slippage and for establishing a
substantially uniform pressure between the two contact-
ing surfaces,

said support means being substantially inextensible and

movable to pivot inward toward said object to permit
movement of said image carrier as said object impinges
thereon to alleviate increase in peripheral tension on said
image carrier,

means for transferring said image from said image carrier to

the surface of said object, and

means for separating said image carrier form said object.

2. An offset printing system as recited in claim 1 wherein
said portion of said, image carrier is a yieldable membrane
having ends, and there is included means for yieldably
predistorting said membrane when an object is not in contact
therewith to provide substantially nonslipping intimate con-
tact with the surface of said object as said object is brought in
intimate contact therewith,

3. An offset printing apparatus as recited in claim 2 wherein
said means for predistorting said membrane comprises means
for resiliently closing the ends thereof to form a closed
chamber therewith, and means to predistort said membrane to
a form substantially duplicating that of the surface to be
printed including means for applying air pressure to one side
of said membrane.

4. Offset printing apparatus as recited in claim 2 wherein
said portion of said image carrier has the form of a series of
concentric waves.

5. Apparatus as recited in claim 2 wherein said means for
predistorting said membrane comprises a porous resilient
elastomeric foam material, and there is included means for at-



3,587,455

11

taching said membrane to said material while said membrane
is stressed.

6. An offset printing system as recited in claim 1 for printing
on the surface of an object having a curved surface wherein
there is included a means for holding said image carrier under
peripheral tension.

7. Apparatus as recited in claim 1 wherein said resilient,
deformable image carrier comprises a block of a resilient,
compressible foam material, and a prestressed membrane ad-
herent to a surface of said material to be resiliently deforma-
ble therewith.

8. Apparatus as recited in claim 1 wherein said deformable
resilient carrier comprises an open pore foam of an elastomer-
ic material which is yieldable in compression and substantially
nonyieldable in tension when compared to its yieldability in
compression.

9. Offset carrier apparatus as recited in claim 8 wherein said
elastomeric material comprises urethane foam.

10. Apparatus as recited in claim 8 wherein said surface of
said object over which said image is printed encompasses a
portion of the volume of said object, and said elastomeric
material has a thickness which exceeds the thickness of said
portion of said volume of said object being printed upon.

11. Apparatus as recited in claim 8 wherein said surface of
said object over which said image is printed encompasses a
portion of the volume of said object,

said elastomeric foam has a thickness which is less than the
thickness of said portion of said volume of the object
being printed upon,

there is included means for supporting said elastomeric
foam comprising rigid support means for supporting said
elastomeric foam by its edges, and

there is included a resilient diaphragm stretched across the
printing surface of said elastomeric foam.

12. Apparatus as recited in claim 11 wherein there is a
resilient diaphragm stretched across the surface opposite to
the printing surface of said elastomeric foam.

13. An offset printing system for printing on objects havmg
image receiving surfaces comprising a plurality of offset carri-
er means, each consisting of a block of porous foamed
elastomeric material having an image receiving surface on
which an image is applied and a back surface which is opposite
said image receiving surface,

means for moving said plurality of offset carrier means in a
closed loop path,

a plurahty of means for transferring 1mages to the image
receiving surface of each block or porous foamed
elastomeric material of said offset carrier means posi-
tioned adjacent the closed loop path of said offset carrier
means,

conveyor means for carrying objects to said closed loop
path for nonrotatably pressing each object into an offset
carrier means to compress said carrier means to a depth
required to encompass at least substantially 90° of the
periphery of said object required to press all of the image
receiving surface of said object upon which printing is to
occur against all of the image on said offset carrier means,

means for supporting each block of elastomeric material by
its back surface to provide a compression response to the
pressure of said object in which the ends of said

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

12

elastomeric block adjacent its image receiving surface are
bent inward toward said object and at least two of the
ends of said back surface are retained substantially im-
movable.

means for transferring the image on said carrier means to

said object while said object is pressed into said carrier
means, and

means for fixing the image on said object.

14. Apparatus as recited in claim 13 wherein said conveyor
means includes means for carrying each of said objects twice
to said closed loop path and for rotating each object
therebetween to achieve a front and back contact and printing

of an object by two different offset carrier means.
5. Apparatus as recited in claim 12 wherein there are tow

means for moving said offset carrier means into two closed
loop paths,

said conveyor means carries objects between said two

closed loop paths, and

said closed loop paths are established sufficiently adjacent

to one another to cause said offset carrier means on each
conveyor to be pressed against an object therebetween to
afford substantially simultaneous printing over substan-
tially 360° of the surface of said object.

16. A system for offset printing an electrostatic powder
image onto the surface of an object, said system comprising:

carrier means including a resilient compressible pad of an

elastomeric porous foam material having a front surface
and a back surface,

a prestressed elastic membrane bonded to the front surface

of said elastomeric porous foam,

means for depositing a powder image on said prestressed

membrane,

means for nonrotatably pressing said object against said

elastic membrane to compress said elastomeric porous
foam material a distance required to apply all of said elec-
troscopic powder image to the curved surface of said ob-
ject,

means for transferring the image from said carrier means to

the surface of said object, and

means for removing said carrier means for contract with

said surface of said object.

17. Apparatus as recited in claim 16 wherein said means for
applying an image to said front surface of said carrier means
comprises means for applying an electroscopic powder image
to said front surface, and said means for transferring the image
from said front surface to the surface of said object comprises
means for establishing an electric field across said surfaces.

18. Apparatus for offset printing as recited in claim 16
wherein said means for applying an image to the front surface
of said carrier means includes means for applying an electro-
scopic powder particle image to said carrier front surface, and
wherein said means for transferring said image from said front
surface of said carrier means to the image receiving surface of
said object comprises means for applying to the image receiv-
ing surface of said object a liquid coating to which said powder
particle image adheres when applied thereto.

19. An offset printing apparatus as recited in claim 18
wherein said liquid coating is a dimethylpolysiloxane emul-
sion.



