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3,685,443 

IMPRESSIONCYLNDER FOR GRAVURE 
PRINTNG PRESS 

This invention pertains to a gravure printing press 
and more particularly to the impression cylinders util 
ized in the printing units of such a press. In accordance 
with the invention, the peripheral working surface of 
such impression cylinder is formed by a layer of a 
synthetic material of high elasticity and hardness such 
as a polyurethane elastomer. 

In gravure printing, e.g., in a rotogravure press, the 
individual printing unit comprises two adjacent counter 
rollers, an etched or engraving printing or plate 
cylinder and an impression cylinder, between which 
rollers the paper web or sheet is passed. The impression 
cylinder presses the paper web or sheet against the 
printing cylinder, causing the paper to take up the ink 
in the etched depressions on the surface of the printing 
cylinder. The required pressure can be exerted through 
the impression cylinder directly or by means of an aux 
iliary support roller through which the required pres 
sure may be transmitted to the impression cylinder. 

Conventionally, the impression cylinder for the 
printing units of a rotogravure press have been rollers 
made of rubber with a Shore A hardness between 
80–85. Steel rollers with a sleeve or covering of an 
elastic material having a Shore A hardness lying 
between 80-85 have also been utilized as impression 
cylinders. The use of these conventional types of im 
pression cylinders has not resulted in the best possible 
printing quality primarily because of excessive defor 
mation of the surface of the cylinder in the printing 
zone (i.e., the area of contact between the impression 
cylinder and the web as the former exerts the required 
pressure to force the latter against the printing cylinder 
surface) and the consequentfrictional effects. 

In addition, in a rotogravure press involving a plurali 
ty of printing units, such as are required in multi-color 
printing, the use of conventional cylinders results in 
variations in the speed with which the paper web is 
passed through the individual printing units. The pres 
sure to be exerted by the impression cylinder must be 
varied in accordance with the nature and dimension of 
the etching on the printing cylinder and with the par 
ticular color to be applied by the particular printing 
unit. Where high pressure is applied, the deformation 
of the surface of the impression cylinder in conformity 
to the surface of the printing cylinder in the printing 
zone is greater than when lower pressure is applied. In 
other words, at any given instant, the arc of contact 
along which the impression cylinder bears on the web 
and the web bears against the printing cylinder along its 
circumference is greater at higher pressure than at 
lower pressure. The result is a difference in the speed of 
the web as it is passed through the different individual 
printing units, a problem which exists in conventional 
rotogravure presses irrespective of whether rubber rol 
lers or rollers with an elastic covering of about 80 
Shore A hardness were utilized. In the past, the prin 
cipal manner of correcting this unsatisfactory variation 
in the speed was to use impression cylinders of different 
diameters. Thus in a printing unit requiring compara 
tively low pressure, an impression cylinder of greater 
diameter was provided so as to attempt to provide an 
arc of contact between web and printing cylinder ap 
proximately equivalent to that of a printing unit in 
which an impression cylinder of smaller diameter ex 
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2 
erted a greater pressure on the web. In this way it was 
sought to maintain the speed of the paper web through 
the various printing units at an approximately constant 
level. 
However, increasing the arc of contact between web 

and printing cylinder by increasing the diameter of the 
impression cylinder has a decidedly detrimental effect 
on the quality of the resultant printing. Moreover, the 
efforts to adapt the size of the impression cylinder to 
the pressure to be applied requires the stocking of an 
extensive number of impression cylinders with dif 
ferences in circumferences to up to 36 mm for a given 
rotogravure printing press. 
An object of the present invention is to improve the 

quality of the printing. A further object is to minimize 
the differences in speed of the paper web as it passes 
through the several individual printing units and thus to 
eliminate the need to use impression cylinders with dif 
ferent diameters. A still further object of the invention 
is to enable control of the deflection of impression 
cylinders and to provide for the application of a 
uniform pressure along the entire length of the impres 
sion cylinder in the printing zone. 

In accordance with the invention, the impression 
cylinder comprises a roller with at least one peripheral 
layer of an elastic synthetic material such as, for exam 
ple, a polyurethane elastomer, such material having a 
Shore Ahardness ranging from 88-98. Applicanthas 
found that the hardness of the working surface of the 
impression cylinder to a great degree determines the 
quality of the resultant printing and that, through the 
use of the impression cylinders with a hardness as 
called for by the invention, a substantial improvement 
in the quality of the printing is attained. Applicant has 
determined that even small variations in the hardness 
are reflected in the quality of the printing. The best 
quality of printing has been achieved with a polyu 
rethane roller of 98 Shore A hardness. The quality of 
such printing is excellent even on rough, non-callen 
dared paper, because the surface of the impression 
cylinder is insensitive to the surface roughness of the 
paper. However, irregularities in the strength of the 
paper can tend to effect the quality of the print at a 
Shore A hardness of 98. For this reason, a degree of 
hardness of 95-96 Shore A is preferred for paper of 
normal quality. 
A further advantage of impression cylinders made in 

accordance with the invention lies in the fact that the 
difference in speed of paper web in passing through the 
individual units can be minimized or eliminated entire 
ly, which in itself will enhance the quality of the print 
Ing. 
Through use of impression cylinders in accordance 

with the invention, the speed of the paper web through 
individual printing units will remain substantially the 
same irrespective of the particular pressure applied 
through the impression cylinder of a particular unit. In 
the conventional rubber cylinders, the length of the arc 
of contact between the impression cylinder and the 
web, as taken in the direction of the web movement 
along the circumference of the printing cylinder varies 
between 15 mm and 22 mm depending upon the pres 
sure applied. When impression cylinders of the inven 
tion with a Shore A hardness of 98' are used, the length 
of this arc of contact will be between 6 mm and 8 mm, 



3 
irrespective of the pressure applied. In the case of a 
somewhat softer cylinder with a Shore A hardness of 
88, the length of this arc will be between 8- 11 mm, ir 
respective of the pressure applied. Thus, in the case of 
impression cylinders made in accordance with the in 
vention, changes in the pressure applied do not sub 
stantially change the degree of deformity of the surface 
of the impression cylinder; the length of the arc of con 
tact remains substantially the same. Consequently, the 
speed of the paper web through the individual printing 
units will always approximate the speed at which the 
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web is being carried by the printing cylinder. Of prin 
cipal significance, there will be only slight variation in 
the speed of the paper web through the various in 
dividual printing units irrespective of the pressure ap 
plied by the impression cylinder of any given unit. Con 
sequently, the necessity for providing impression cylin 
ders of various diameters for a single gravure printing 
press is eliminated. 

It is impossible to achieve these results by using con 
ventional rubber rollers which have been hardened to 
the level of Shore Ahardness called for by the inven 
tion through the use of filler material. Rubber rolls of 
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such hardness have only a slight degree of elastic 25 
recoferability, i.e., they have a high permanent set. The 
material used in the rolls of the invention, on the other 
hand, exhibits a considerable degree of elasticity, i.e., a 
low permanent set, in the required ranges of hardness. 
On the other hand, it is clear that, in addition to the 
polyurethane elastomers specifically referred to, other 
materials having a sufficient high elasticity and the 
required hardness can be used. Preferably, the circum 
ferential surface of the impression cylinder comprises a 
pre-formed, seamless covering or hollow sleeve made 

4 
Because of the great hardness of the sleeve of 

synthetic material it becomes necessary to take into ac 
count the deflection of the printing cylinder and of the 
impression cylinder more than has hitherto been neces 
sary in the case of the softer sleeve coverings. In ac 
cordance with the invention, this difficulty can be over 
come by utilizing, as the core of the impression cylinder 
upon which the sleeve is disposed, a controlled deflec 
tion roll of the kind disclosed in U.S. Pat. No. 
2,908,964. Rolls of the general type disclosed in U.S. 
Pat. No. 2,908,964 are sold in the United States under 
the Trademark "Swimming Roll" and have been a 
great commercial success. The use of such a roll as a 
core of the impression cylinder of the invention enables 
the exertion of a uniform pressure over the entire 
length of the cylinder and a consequent evenness and 
improvement in the quality of the resulting print. 
Other controlled deflection rolls permitting the ap 

plication of uniform pressure along the entire length of 
the roll, such as a roll of the type disclosed in U.S. Pat. 
No. 3,043,211 can also be utilized as a core for the im 
pression cylinder in accordance with the invention. 
The polyurethane sleeve or coat can be shrunk onto 

a "Swimming Roll' or can be of such a diameter as to 
provide radial play when mounted onto such a roll. In 
such a case end seals can be provided to prevent the 
axial displacement of the sleeve with respect to the "- 
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of a synthetic material such as a polyurethane which is 
disposed on a roller serving as a core. By using a pre 
formed coating or hollow sleeve, the difficulties of ap 
plying a polyurethane material directly onto a steel 
roller are eliminated. 
The hollow sleeve is cast of polyurethane and the 

necessary additives in a high-speed centrifugal casting 
form so that air bubbles are driven off and the polyu 
rethane material is cross-linked in a minimum amount 
of time. The hollow sleeve thus produced is tempered 
and then can be shrunk onto a steel roller. 

It is, however, also possible, and in many cases ad 
vantageous, to dispose the sleeve onto the core roller 
such as a steel cylinder with some radial play, i.e., by 
making the inner diameter of the hollow sleeve 
somewhat greater than the diameter of the steel cylin 
drical core. The amount of possible radial displacement 
of the sleeve with respect to the core need only be small 
and need amount to no more than a few millimeters. 
The sleeve can simply be pushed on to the cylindrical 
core. The sleeve can thus easily be replaced. 
This simple and inexpensive embodiment of the im 

pression cylinder in accordance with the invention is 
appropriate for small working widths, i.e., cylinder 
lengths up to approximately 800 mm. In such cases it 
can also suffice to place the sleeve onto a conventional 
rubber roller. In view of the small deflections which 
occur with this small working width, the elasticity of 
the rubber roller is sufficient to provide virtually 
uniform pressure along the entire length of the roll. 

Swimming Roll" which serves as core of the impression 
cylinder. 

In addition to this preferred embodiment, the polyu 
rethane sleeve can itself comprise the outer shell of the 
"Swimming Roll" construction as set forth in U.S. Pat. 
No. 2,908,964. 
A support roll can be provided on the side of the im 

pression cylinder hereinabove described opposite the 
printing cylinder which support roll can itself be a con 
trolled deflection roll such as that disclosed in U.S. Pat. 
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No. 2,908,964 or a controlled deflection roll of the 
kind disclosed in U.S. Pat. No. 3,043,211. 

Specific examples of roller assemblies embodying the 
principles of the present invention are described below, 
and illustrated by the accompanying drawings of which 

FIG. 1 is a schematic transverse vertical cross section 
of a printing unit showing the impression cylinder em 
bodying the invention as counter roll to the printing 
cylinder; 

FIG. 2 is a schematic transverse vertical cross section 
of a printing unit showing another impression cylinder 
in accordance with the invention as counter roll to a 
printing cylinder; 
FIG.3 is a schematic transverse vertical cross section 

of a printing unit showing another impression cylinder 
embodying the present invention as counter roll to a 
pressure cylinder; 

FIG. 4 is a longitudinal vertical cross section of the 
printing unit shown in FIG.3; 

FIG. 5 is a schematic transverse vertical cross section 
of a printing unit illustrating still another impression 
cylinder embodying the invention as counter roll to a 
printing cylinder; 

FIG. 6 is a longitudinal vertical cross section of the 
printing unit shown in FIG. 5; 

FIG. 7 is a schematic transverse vertical cross section 
of a printing unit showing still another impression 
cylinder embodying the present invention as counter 
roller to a pressure cylinder; 



5 
FIG. 8 is a longitudinal vertical cross sectional view 

of the printing unit of FIG.7; 
FIG. 9 is alongitudinal vertical view of a printing unit 

in which an impression cylinder in accordance with the 
invention is disposed between the printing cylinder and 
a support roller. 
A gravure printing press comprises a plurality of 

printing units; each such unit in turn comprises a print 
ing cylinder and an impression cylinder, the paper web 
or paper sheet passing between the impression and 
printing cylinder, the impression cylinder serving to 
press the paper against the printing cylinder to achieve 
the desired printing. 

In FIG. 1, such an individual printing unit is shown, 
the paper web or sheet 3 passing between the printing 
cylinder or roller 1 and the impression cylinder or 
roller 2. The impression cylinder 2 in accordance with 
the invention comprises an inner core 4 which can be 
of steel or rubber or other conventional construction, 
and an outer sleeve 5 which is disposed around the 
CO 

The outer sleeve is made of polyurethane elastomer 
or other synthetic material of high elasticity and suffi 
cient hardness to lie within the required range. In ac 
cordance with the invention the sleeve has a hardness 
of about 88-98 Shore A. 
The elastic synthetic sleeve serves as a working sur 

face of the impression cylinder. In FIG. 1 it is shrunk on 
to the core 4. In the impression cylinder as shown in 
FIG. 2, the inner diameter of the polyurethane sleeve 5 
is somewhat greater than the diameter of the core 4a so 
as to leave a space or gap 6 between the inner surface 
of the sleeve and the surface of the core permitting 
some radial displacement of the core with respect to 
the sleeve. 

In the impression cylinder as shown in FIGS. 3 and 4, 
the core 7 is a controlled deflection roll of the type dis 
closed in U.S. Pat. No. 2,908,964 and sold in the 
United States under the Trademark "Swimming Roll.' 
Such a roll comprises a stationary shaft 8 and an outer 
rotating shell 9. The inner diameter of the outer shell is 
greater than the diameter of the shaft leaving a space 
between the shaft and the inner surface of the shell. 
Longitudinal seals 10 are provided which divide the 
space into two longitudinal chambers 11 and 12. The 
chamber 11 on the side of the roll adjacent to printing 
cylinder 1 is filled with a fluid pressure medium which 
is introduced through a bore 13 in the stationary shaft 
8. The shaft is positioned with respect to the shell by 
self-aligning bearings 14 and the longitudinal chambers 
11 and 12 are frontally sealed by seals 15. The inner 
diameter of the polyurethane sleeve or covering 5 is 
somewhat greater than the outer diameter of the shell 9 
of the controlled deflection roll 7, leaving a space 6 
between the core and the polyurethane sleeve and 
enabling radial displacement of the controlled deflec 
tion roll core with respect to the polyurethane sleeve. 
A sealing disc 16 is provided to prevent axial dis 

placement of the sleeve or covering 5 with respect to 
the core 7. In operation, the sleeve 5 and the outer shell 
9 will rotate together while the shaft 8 remains stationa 
ry. The pressure of the fluid within the chamber 11 can 
be adjusted. The forces otherwise tending to cause the 
lengthwise deflection of the working surface of the roll 
are transferred by the hydraulic pressure medium to 
the stationary shaft 8 which will deflect relative to the 
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6 
outer shell in accordance with the fluid pressure ap 
plied. The pressure will be uniform along the entire 
length of the impression cylinder. Further details as to 
the construction of this type of controlled deflection 
roll are disclosed in U.S. Pat. No. 2,908,964. 

It is also possible to construct the outer shell of the "- 
Swimming Roll' of polyurethane or a similar high 
elastic synthetic material of sufficient hardness and 
thus eliminate the necessity of a separate sleeve or 
covering in the impression cylinder construction. This 
embodiment of the invention is shown in FIGS. 5 and 6 
in which the polyurethane shell 17 serves as both the 
outer sleeve which provides the working surface of the 
impression cylinder and the rotating outer shell of the 
"Swimming Roll" construction. 
The controlled deflection roll to be used as the core 

for the impression cylinder of the invention may also 
be, as shown in FIGS. 7 and 8, of the type disclosed in 
U.S. Pat. No. 3,043,21 1. Such a controlled deflection 
roll 18 comprises an outer rotating shell 19, a stationa 
ry inner shaft 20 of a diameter smaller than the inner 
diameter of the outer shell. A pressure member 21 for 
containing hydraulic pressure medium is disposed in 
the space 22 thus formed between the inner surface of 
the outer shell and the stationary inner shaft on the 
working side of the controlled deflection roll, i.e., the 
side of the impression cylinder adjacent to the printing 
cylinder 1 in the printing unit shown in FIGS. 7 and 8. 
The hydraulic pressure within the pressure member 21 
can be adjusted through conduit 23 and the inner shaft 
20 will deflect with respect to the outer shell in ac 
cordance with the hydraulic pressure applied within the 
pressure member 21. The sleeve 5 is disposed on the 
controlled deflection roll 18, the outer diameter of the 
latter being somewhat smaller than the inner diameter 
of the former providing for a space 6 between the 
sleeve and the core and thus permitting radial displace 
ment between the polyurethane sleeve and the con 
trolled deflection roll 18 serving as the core of the im 
pression cylinder. The sealing disc 24 prevents axial 
displacement of the sleeve with respect to the core. The 
sleeve 5 and the outer shell 19 rotate together in the 
operation of the printing unit while the shaft 20 
remains stationary. The pressure along the entire work 
ing length of the impression cylinder is uniform. 

In FIG. 9, a support cylinder 25 is disposed on the 
side of the impression cylinder 2 opposite from the 
printing cylinder 1. This support cylinder is shown as a 
roll, the working circumference of which can follow the 
deflection of the impression cylinder. The roll 25 as 
shown is of the same construction as the controlled 
deflection roll 7 which serves as the core of the impres 
sion cylinder in the embodiment of the invention shown 
in FIGS. 3 and 4. However, any other type of controlled 
deflection roll such as, e.g., the type of roll disclosed in 
U.S. Pat. No. 3,043,211 can be used as the support roll. 
What is claimed is: 
1. An impression cylinder assembly for a gravure 

printing unit including a cylindrical core and a pre 
formed, seamless sleeve of synthetic elastic material 
disposed on said core to form the outer working surface 
of the impression cylinder assembly, said sleeve having 
a hardness lying in the range of about 88-98 Shore 
A, said material being a polyurethane elastomer and 
said core comprising a controlled deflection roll, said 
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controlled deflection roll comprising a rotating outer 
shell, a stationary inner shaft disposed within said outer 
shell, the diameter of said shaft being smaller than the 
inner diameter of said shell providing a space between 
the shell and the shaft, longitudinal seals dividing the 
space between the shaft and the shell into two longitu 
dinal chambers, one of said longitudinal chambers 
being on the side of the shaft adjacent the working sur 
face of the roller, the other longitudinal chamber being 
on the side of the shaft opposite the working side of the 
roller, the said chamber adjacent to the working sur 
face of the roller being filled with a fluid pressure medi 
um, the pressure within said chamber being adjustable 
whereby the shaft can deflect with respect to the shell 
and uniform pressure is exerted by the roll along the 
entire length of the roll. 

2. An impression cylinder assembly for a gravure 
printing unit including a cylindrical core and a pre 
formed, seamless sleeve of synthetic elastic material 
disposed on said core to form the outer working surface 
of the impression cylinder assembly, said sleeve having 
a hardness lying in the range of about 88-98 Shore 
A, said material being a polyurethane elastomer and 
said core comprising a controlled deflection roll, said 
controlled deflection roll comprising a rotating outer 
shell, a stationary innershaft disposed within said outer 
shell, the diameter of said shaft being smaller than the 
inner diameter of said shell providing a space between 
the shell and the shaft, a pressure member for contain 
ing a hydraulic pressure medium disposed in said space 
between the inner surface of the outer shell and the sta 
tionary inner shaft on the working side of the roll, said 
pressure member being filled with a fluid pressure 
medium, the pressure within the pressure member 
being adjustable whereby the shaft can deflect with 
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respect to the shell and uniform pressure is exerted by . 
the roll along the entire length of the roll. 

3. A printing unit for a gravure press including a 
printing cylinder, an impression cylinder adjacent and 
parallel to said printing cylinder, said impression 
cylinder comprising a cylindrical core and a pre 
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8 
formed, seamless sleeve of a polyurethane elastomer 
disposed on said core to form the outer working surface 
of said impression cylinder, said sleeve having a hard 
ness lying in the range of about 88-98 Shore A and a 
support roller disposed adjacent and parallel said im 
pression cylinder on the opposite side of said impres 
sion cylinder from a printing cylinder, said support 
roller comprising a controlled deflection roll compris 
ing a rotating outer shell, a stationary inner shaft 
disposed within said outer shell, the diameter of said 
shell providing a space between the shell and the shaft, 
longitudinal seals dividing the space between the shaft, 
and the shell into two longitudinal chambers, one of 
said longitudinal chambers being on the side of the 
shaft adjacent the working surface of the roller, the 
other longitudinal chamber being on the side of the 
shaft opposite the working side of the roller, the said 
chamber adjacent to the working surface of the roller 
being filled with a fluid pressure medium, the pressure 
within said chamber being adjustable whereby the shaft 
can deflect with respect to the shell and uniform pres 
sure is exerted by the roll along the entire length of the 

. 
O An impression cylinder assembly for a gravure 
printing unit including a cylindrical core and a pre 
formed, seamless sleeve of synthetic elastic material 
disposed on said core toform the outer working surface 
of the impression cylinder assembly, said sleeve having 
a hardness lying in the range of about 88-98 Shore 
A, said material being a polyurethane elastomer and 
said core comprising a controlled deflection roll, said 
controlled deflection roll comprising a rotating outer 
shell subject to deflection, a shaft located within said 
shell and extending at least for the length of the work 
ing surface of said shell, and means for applying varia 
ble pressure from said shaft to the inside of said shell at 
a location and in a direction providing a reaction to the 
deflection of said shell, the inside of said shell forming a 
space permitting said shaft to deflect when stressed by 
said pressure. 
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