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ABSTRACT OF THE DISCLOSURE 

A printing arrangement in which chambers on opposite 
sides of a extensible printing ?lm are evacuated to provide 
equal suction pressures on opposite sides of the ?lm and 
maintain the original position of the ?lm, one of the cham 
bers then being subjected to positive pressure to urge the 
?lm into contact with a body in the other chamber to 
effect printing thereon. 

The present invention relates to apparatus and methods 
for printing a pattern on a curved surface of a body. 
The curved surface may be concave, convex or of com 

plex curvature which is a combination of both. 
The printing may be effected by an offset blanket, a 

pattern transfer paper or a resin impregnated paper. 
The present inventor has shown in his prior patent 

(US. Patent No. 2,077,790) printing on a curved sur 
face in which an elastic blanket is brought into close 
contact, for press printing on a curved surface of a body 
by utilizing a negative air pressure. Therein, air is dis 
charged from an air-tight chamber formed between an 
elastic printing plate and the surface to be printed so 
that, by utilizing the negative air pressure, the printing 
plate is brought into close contact, for press printing, with 
the surface to be printed. 

In such apparatus, however, an unavoidable de?ciency 
is the production of an air pocket between the printing 
plate and the surface to be printed, depending upon the 
shape of the curved surface, and due to which a portion of 
the surface to be printed is either not printed or is not 
clearly printed. 

It is an object of the present invention to eliminate 
the production of such air pockets and enable the printing 
on any complicated curved surface over the entire surface 
thereof. 

According to the present invention, an extensible print 
ing ?lm is held under pressure between an open surface 
of an open casing and an open surface of a second casing 
in which is contained a body with a curved printing sur 
face. Thereby there is formed two closed air chambers 
on opposite sides of the ?lms, and after these two cham 
bers have been subjected to a vacuum by simultaneously 
evacuating the air therefrom, the air chamber on the side 
opposite the body is pressurized while the air chamber 
containing the body is maintained under vacuum, whereby 
the extensible ?lm is brought into close contact with the 
curved surface of the body by the difference in pressure 
between the two chambers. 
A feature of the invention is the maintenance of the 

extensible ?lm in its original position so that all of the air 
may be withdrawn from the chamber containing the body 
so that no air pockets can be formed between the ?lm 
and the body during the printing operation. 

In further accordance with the invention, certain ?lms 
must be softened by heat prior to the printing operation. 
A further feature of the invention is to employ heating 
means in the chamber opposite the body in order to heat 
the ?lm. 

Another feature of the invention is to apply suction 
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force to the heated ?lm to hold the same in its original 
position against a ?at surface and thereby prevent sagging 
of the ?lm against the body. ‘ 
A further object of the invention is to provide con 

tinuous operation wherein successive bodies are printed. 
For this purpose, the casings are advanced along respec 
tive endless paths along a portion of which the casings 
move in the same direction in contact with one another 
and whereat the printing is effected. 
The present invention will be explained in greater detail 

with reference to the accompanying drawings, wherein: 
FIGURE 1 is a sectional side view of a ?rst embodi 

ment of the invention; 
FIGURE 2 is a sectional side view of another embodi 

ment of the invention; 
FIGURE 3 is a sectional side view of a further embodi 

ment of the invention; 
FIGURE 4 is a diagrammatical side view of a construc 

tion for continuous operation of the apparatus of the 
invention; 
FIGURE 5 is a diagrammatical side view of a modi?ed 

form of the same; and 
FIGURE 6 is a sectional side view of an air casing 

used in the construction of FIG. 4. 
The same reference numerals will be used throughout 

the various ?gures of the drawings to designate the same 
elements. 
FIGS. 1 and 2 essentially differ in that in FIG. 1, the 

body a on which the pattern is to be printed, is generally 
concave whereas that in FIG. 2 is generally convex. 

Referring to FIGS. 1 and 2, numeral 1 denotes a casing 
which is open at its bottom surface, and numeral 2 denotes 
a second casing which is open at its top surface and con 
tains the body a to be printed. An extensible printing 
?lm 3 is held taut between the open surface of the casing 
1 and the open surface of the casing 2 to form respective 
closed air chambers A and B on opposite sides of the 
?lm 3. The casings 1 and 2 are in contact along rubber 
or other elastic plates 4 and 5 to form air-tight seals. 
There is provided within the casing 2 a projecting portion 
6 for receiving the body a to be printed. 
When the body a is supported in the casing 2, the air 

within the two casings 1 and 2 is evacuated simultaneously 
through respective air tubes 7 and 8 in communication 
with the casings 1 and 2 for subjecting the chambers in 
these casings to a vacuum, whereby any formation of an 
air pocket between the curved surface of the body a and 
the extensible ?lm 3 is prevented when the ?lm 3 is 
brought into close contact with the body surface. Namely, 
as the air chambers A and B are simultaneously subjected 
to vacuum, the air surrounding the body a is removed 
completely and, at the same time, the ?lm 3 is kept in its 
neutral position without de?ecting towards either of the 
two chambers A and B by maintaining the suction pres— 
sure in the air chamber A equal to the suction pressure 
in the air chamber B. This is effective to fully compen 
sate the de?ciencies in the known apparatus as ‘described 
hereinbefore, wherein only the air within the chamber B 
containing the body a is evacuated to subject chamber 
B to a vacuum. In such case, at a concave portion b of 
the body a, the ?lm 3 which is about to be brought into 
contact with the surface of the body a by the external 
pressure will ?rst contact the circumferential edge of the 
concave portion 12, thus making it impossible to evacuate 
the air within the concave portion b. Accordingly, there 
is a danger that an air pocket will remain within the 
concave portion b. This is more likely when a transfer 
paper or a resin impregnated ?lm is used. In particular, 
a resin impregnated ?lm or the like must be softened by 
heat in operation, and as a result of its softening the ?lm 
hangs down over the concave portion b of the body a to 
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produce therein an air pocket. This also can be prevented 
according to the present invention. 

After the interior of the casing 2 containing the body 
a has been subjcted to vacuum, the casing is kept in such 
condition while the casing 1 on the other side surface of 
the ?lm 3 is charged with a positive air pressure. Conse 
quently, a pressure difference exists between the two cas 
ings 1 and 2 and the extensible ?lm 3 is pushed into the 
chamber B into close contact with the outer surface of 
the body a to conform to the curved shape thereof, 
without the production of any air pockets therebetween. 

In the case when an Offset blanket is used as the ex 
tensible ?lm 3, the same has a pattern transferred to its 
lower surface prior to its printing operation, so that when 
the ?lm comes into contact with the surface of the body, 
the pattern is printed thereon. It is also possible that an 
extensible transfer paper with a pattern or a resin impreg 
nated paper for decorative laminates is used for the ?lm 
3, so that by the close contact or the adhesion thereof 
with the body a, the pattern may be applied ontothe 
curved surface of the body. In this case, it is necessary 
that the transfer paper or the resin impregnated paper 
be softened by heat, and for this purpose there is pro 
vided heating means in the form of heating elements 9 
as shown in dotted lines in FIGS. 1 and 2. 

FIG. 3 shows a modi?ed embodiment of the present 
invention. When the ?lm 3 is softened by heat, there is a 
danger that the softened portion thereof will become limp 
and sag and contact the body a to cover the concave 
portion thereof and produce an air pocket. In this em 
bodiment, there is provided within the air casing 1 a 
suction device 10 having a lower surface with suction 
holes 11 formed therein, so that when the ?lm is being 
heated and the air within the casings 1 and 2 is being 
evacuated, the interior of the suction device 10 is in com 
munication with a negative pressure source for attracting 
the ?lm to the device. When the interior of the air cham 
her 1 is subjected to positive pressure, the suction action 
in device 10 is terminated to release the ?lm therefrom. 
The apparatus of the invention can be arranged for 

continuous operation as shown, for example, in FIGS. 4 
and 5. 

Therein, a number of casings 1 and a number of cas 
ings 2 are, respectively, connected in series in endless 
chain form, and are driven to rotate either continuously 
or intermittently. The casings 1 and casings 2 move along 
respective endless paths which have parallel adjacent 
lengths in which the casings 1 and 2 advance in the same 
directions and along which the casings 1 and 2 are applied 
against each other one by one. 

In FIG. 4, the casing 1 is provided at its surface im 
mediately adjacent casing 2 with the elastic blanket 3 
to form in the inner side thereof the air chamber A, as 
shown clearly in FIG. 6. In this case, however, the casing 
1 is substantially a ?at plate and consequently the air 
chamber A which is formed is only a flat gap. During 
the travel of the casings 1 at their upper length of travel, 
a desired pattern is transferred onto the blanket surface 
by a printing mechanism 12. The bodies a are introduced 
into lower casings 2. When the two casings 1 and 2 are 
placed against one another, the air pressure within these 
casings is control-led automatically by air tubes and switch 
ing valves \for bringing the blanket 3 into close contact 
with the curved surface of the body to print the pattern 
thereon. The printed body a is discharged onto a con 
veyor 13 for being conveyed to the succeeding drying and 
other steps. 

In the embodiment shown in FIG. 5, a long length of 
transfer paper or resin impregnated paper is used for the 
?lm 3. The rolled paper 3 is drawn out successively with 
the advance of the casings 1 and 2 one upon another. 
During this travel, the heating for softening of the ?lm, 
and the pressure control of the interior of the casings 1 
and 2 are effected automatically, so that a pattern is 
applied to the bodies by the close contact or the adhesion 
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4 
of the ?lm therewith after which the bodies are discharged 
along with the ?lm onto the conveyor 13. 

Thereafter, if the paper is a transfer paper, the same 
is stripped off from the body. If, however, the paper is 
a resin impregnated paper, the same is separated at the 
portions not integral with the bodies. 
From the above, it will be evident that herein has been 

shown apparatus and methods for printing on a curved 
surface of a body, wherein there is formed on opposite 
sides of an extensible printing ?lm two air chambers one 
of which contains therein the body to be printed thereon, 
and wherein the air from the two chambers is simultane 
ously evacuated while the ?lm is maintained in its original 
position, after which the air pressure in the chamber op 
posite said body is raised while maintaining suction in 
the chamber containing the body so that a pressure differ 
ential is established between the two chambers which 
forces the ?lm into close contact with the surface of the 
body. As a result of the above, there is no danger what 
ever of the existence of an air pocket between the printing 
?lm and the curved surface of the body. 
Numerous modi?cations and variations of the disclosed 

invention will become apparent to those skilled in the art 
without departing from the scope and spirit of the inven 
tion as de?ned in the attached claims. 
What is claimed is: 
1. Apparatus for printing on a curved surface compris 

ing ?rst and second casings secured together in sealed 
relation, one of said casings being adapted for containing 
a body having a surface which is to be printed, an extensi 
ble printing ?lm supported between said casings and de 
?ning respective chambers on opposite sides thereof with 
said casing, means for simultaneously subjecting both 
chambers to equal suction pressure to evacuate the 
chambers while maintaining equal pressures on the oppo 
site sides of the ?lm thereby retaining the initial position 
of the extensible ?lm between said casings, and means for 
increasing the pressure in the chamber opposite said body 
to cause pressure differential between the chambers which 
urges the ?lm into contact with the body over the entire 
surface thereof and cause printing thereon. 

2. Apparatus as claimed in claim 1 wherein said means 
for increasing the pressure in the chamber opposite said 
body comprising means for supplying pressure ?uid to 
such chamber. 

3. Apparatus as claimed in claim 1 comprising heating 
means in the chamber opposite said body for heating the 
printing ?lm. 

4. Apparatus as claimed in claim 3 comprising means 
in said chamber which is opposite said body for applying 
suction force to said ?lm to hold the same thereagainst 
and thereby prevent sagging of the ?lm. 

5. Apparatus as claimed in claim 4 wherein said means 
for preventing sagging of the ?lm comprises a hollow suc 
tion device having a surface facing said ?lm which is 
provided with a plurality of openings, said suction device 
being adapted to hold the ?lm against said surface with 
said openings as a result of suction applied to said ?lm 
via said openings. 

6. Apparatus as claimed in claim 1 comprising means 
supporting each of said casings for movement along re 
spective endless paths in a portion of which the casings 
move in the same direction in contact with one another. 

7. Apparatus as claimed in claim 6 wherein the ?lm is 
secured to the other of said casings, the apparatus further 
comprising means for printing a pattern on said ?lm as 
said other casing moves along its path outside said portion 
in which the casings are in contact. 

8. Apparatus as claimed in claim 6 comprising con 
veyor means for receiving the body from said one casing 
after printing of said body. 

9. Apparatus as claimed in claim 6 wherein said ?lm 
is in the form of a roll and is fed between the casings 
along said portion where the casings contact one an 



3,418,926 
5 

other, the ?lm and body being discharged together from 
said one casing after the body has been printed. 

10. Apparatus as claimed in claim 1 wherein the ex 
tensible ?lm is an o?fset blanket. 

11. Apparatus as claimed in claim 3 wherein the ?lm 
is a transfer paper. 

12. Apparatus as claimed in claim 3 wherein the ex 
tensible ?lm is a resin impregnated paper for decorative 
laminates. 

13. A process for printing on a body having a curved 
surface comprising forming on opposite sides of an ex 
tensible printing ?lm two air chambers one of which con 
tains therein a body to be printed thereon, simultaneously 
evacuating all the air from the two chambers to provide 
equal suction pressures on opposite sides of the ?lm there 
by to maintain the ?lm in its original position, and then 
raising the air pressure in the chamber opposite said body 
While maintaining suction in the chamber containing the 
body, so that a pressure difference is established between 
the two chambers which forces the ?lm into close contact 
with the surface of the body. 

14. A process as claimed in claim 13 comprising heat 
ing said ?lm from within the other of said chambers. 

15. A process as claimed in claim 14 comprising suck 
ing the ?lm against a surface Within said other chamber 
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to retain the same in its original position and prevent 
sagging. 

16. A process as claimed in claim 13 comprising hold 
ing the ?lm initially taut between the chambers. 
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