
United States Patent (19) 
Bohm 

54). PRINTING MACHINE 
76) Inventor: Walter Bohm, A-6322 Kirchibichl 

226, Austria 
22 Filed: Aug. 26, 1974 
(21) Appl. No.: 500,467 

Related U.S. Application Data 
(63) Continuation-in-part of Ser. No. 293,171, Sept. 28, 

1972, abandoned. 

52 U.S. Cl.................................. 101/116; 10 1/247 
(51) Int. Cl.’.......................................... B41L 13/08 
58 Field of Search........... 101/114, 115, 199, 247, 

1011116, 119 

56) References Cited 
UNITED STATES PATENTS 

1,051,737 lf 1913 Jackson .............................. 1011182 
1,310,346 7/1919 Jonie................................... 101/198 
1,342,722 6/1920 Snow.................................. 101/316 
1,833,015 1 1/1931 Battey................................. 10 1/248 
2,615,393 10/1952 Albrecht............................. 101 1184 
2,663,256 12/1953 Chambon............................ 101/228 
2,893,310 7/1959 Johnson.............................. 101182 
2,928,340 3/1960 Stein et al........................... 101/120 
3,068,787 12/1962 Dall'oglio et al................... 101/181 
3,139,025 6/1964 Chambon.............................. 101/92 
3,313,232 4/1967 Van Der Winden................ 1011118 
3,701,464 10/1972 Crum.................................. 101/248 

11) 3,926,111 
(45) Dec. 16, 1975 

3,774,533 1 1/1973 Ichinose.............................. 1011 119 

Primary Examiner-Edgar S. Burr 
Assistant Examiner-William Pieprz 
Attorney, Agent, or Firm-Wenderoth, Lind & Ponack 

(57) ABSTRACT 
The invention is concerned with printing machines 
used for the printing of large overall patterns which 
are periodically repeated. At present such machines 
using rotating printing members require the printing 
members to be of such a size that the circumference 
thereof corresponds to the total length of the overall 
repeated pattern. Thus, with overall patterns having 
very long lengths, the machines are uneconomical in 
use. The present invention overcomes that disadvan 
tage by providing a printing machine having at least 
two rotating cylindrical printing members with means 
for temporarily interrupting the contact of each mem 
ber with the material to be printed. Thus interruption 
of the printing process is controlled in accordance 
with the pattern to be printed and with the portion of 
each cylinder having therein a printing portion. The 
individual printing members are rotated at different 
angular speeds during their individual printing periods 
and during their individual periods of interruption of 
contact with the material. 

11 Claims, 7 Drawing Figures 
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each revolution of shaft 15, each screen undergoes a 
complete cycle of raising and lowering. The precise 
times of raising and lowering are determined by the 
relative speeds of rotation of shaft 15 and screens 1 and 
by the relative sizes of the printing and non-printing 
portions of the screens. 
Within the rotary screens 1 there are color applica 

tion devices, not illustrated, for example a color reser 
voir with a scraper or roller squeegee. 
The printing of a large overall pattern in accordance 

with the invention proceeds in the following manner: 
As soon as the first rotary screen 1 with its perforated 

region rotates on the web of material 4 and has printed 
its portion of the overall pattern, it is then lifted up 
wardly by its cam 17 when its non-perforated sector 2 
comes into contact with the web of material 4. The web 
of material 4 remains unprinted over a succeeding 
portion thereof to be printed by the second screen. 
Briefly before the beginning of this unprinted portion 
of the web approaches a position directly under the 
second hitherto raised rotary screen, the second screen 
is then lowered by its cam 17, whereby its rotary angu 
lar position is such that the beginning of its portion of 
the overall pattern, corresponding to its perforated 
sector, lines up exactly (as will be explained below) 
with the end of the first portion of the overall pattern 
printed by the first screen, thereby providing continuity 
of the overall pattern. The second screen rotates in 
contact with the web of material 4 and prints the sec 
ond part of the total overall pattern. This raising and 
lowering of each of the screens is repeated for each full 
rotation of shaft 15. While each of the rotary screens 
are in their raised condition and are being rotated at a 
speed corresponding to that of the web of material, an 
additional speed component is imparted thereto, in 
either the forward or backward directions, by a step 
ping motor 16 through an angle of rotation which will 
insure, that for a given number of rotations of each 
screen at the normal or lowered rotation speed, the 
screen will be additionally rotated such that the begin 
ning of the printing portion of the screen is aligned at 
precisely that position where if lowered it will begin to 
print its respective partial portion of the overall pat 
tern. That is, if the length of the overall pattern is not a 
whole multiple of the circumference of the screens, 
then as each screen rotates at its normal speed through 
a given number of whole revolutions and is then low 
ered, the beginning of the printing portion would not be 
in the proper position to begin its respective printing 
operation. To achieve this necessary alignment, when 
the screen is in its lifted position, an additional speed 
component is imparted thereto. It will be understood 
that the additional speed component may be in the 
same or in the reverse direction as the direction of the 
normal rotation. It will be further understood that the 
amount of the additional speed component will vary 
from installation to installation, dependent on the num 
ber and size of the screens and the length of the overall 
pattern. 
So that such additional rotary movement can be 

transmitted to the rotary screen, the drive gearing 11 is 
constructed as a differential gearing (output speed 
being the difference between the two input speeds) or 
as integrated gearing (output speed being equal to the 
sum of the two input speeds). The raising or lowering is 
caused, as stated above, by the control shaft 15 and 
cams 17 mounted thereon. The cams 17, through 
contact pieces 19 and push rods 20, cause the entire 
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4. 
support of each rotary screen and the respective squee 
gee device to be raised and then subsequently lowered 
when the support is raised, it contacts an upper position 
switch 21, and actuates such switch which immediately 
starts stepping motor 16 (by an electrical connection 
which is not shown in the drawings). Stepping motor 16 
for each screen causes additional screen rotation to be 
initiated, in a manner to be described below. It is neces 
sary that the additional rotation be precisely controlled 
in all screens. In order to ensure this, there is provided 
a known type of control means such as a digital prese 
lective counter which may be set to a desired number 
of steps to achieve the correct additional rotation and is 
actuated at the same time as the stepping motor. One 
known and commercially available digital counter de 
vice is the Decade Counter SN 7490 manufactured by 
Texas Instruments. When the counter (and the motor) 
has performed the preset number of steps, the counter 
stops the motor 16. 
The same reference numerals used in FIG. 1 are 

employed in FIGS. 2 and 3 which illustrate the manner 
in which stepping motor 16 imparts additional rotation 
to screen 1. The drive gearing 11 with essential details 
is here illustrated in cross-section and vertical front 
elevation, respectively. A gear wheel 22 is fixedly con 
nected to the main drive shaft 10. This drives a pair of 
planetary spur gears 23 rotatably mounted in a plane 
tary carrier 24. If this planetary carrier 24 is held in a 
fixed position, i.e. when the screen 1 is lowered and 
stepping motor 16 is not actuated, the gear wheel 25, 
which rotatably engages the main drive shaft 10, is 
rotated and in turn drives a spiral gear 26 which 
through the shaft 27 drives the screen drive gear 12. 
The screen drive gear 12 engages with the screen gear 
13 and thus drives the rotary screen 1. When the screen 
1 is raised, the stepping motor 16 is activated by switch 
21 as discussed above, and acts through the shaft 28 on 
a worm 29 which drives a spiral gear 30 which is rigidly 
connected with the planetary carrier 24. If the rotary 
screen 1 is lowered and in the position for printing, 
then the stepping motor is not activated by switch 21, 
and the planetary carrier 24 is held in a fixed position. 
All of the gearing operating to rotate screen 1 at the 
normal or lowered speed is selected and designed such 
that the peripheral speed of the rotary screen 1 is equal 
to the speed of travel of the web of material 4. It will be 
understood that the depth of the teeth of gears 12 and 
13 is such that when the screen is in the raised position, 
the gears 12 and 13 are still in meshing engagement. 
On contact of the non-perforated sector of the pe 

riphery of the rotary screen 1 with the web of material, 
lifting of the total printing unit occurs, since cam 17 has 
been designed to achieve this purpose, and the raised 
rotary screen 1 is moved with greater angular speed. 
Specifically, stepping motor 16 causes rotation of the 
planetary carrier 24. This causes additional rotary 
movement to be imparted to screen drive gear 12 
through gears 23, gear wheel 25, and the spiral gear 26. 
The direction of rotation of this superimposed addi 
tional rotary movement is dependent upon the direc 
tion of rotation of the stepping motor. Dependent upon 
the number of the preselected stepping commands 
operative to activate stepping motor 16 this additional 
rotation of the rotary screen 1 may be made to corre 
spond to any desired angle necessary to insure that 
when the screen is lowered, the beginning of the print 
ing portion is properly aligned to begin printing of its 
respective portion of the overall pattern. 
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In carrying out the present invention, it will be 
readily apparent that the amount of the additional 
speed component will vary from case to case, and will 
obviously depend upon the number and size of the 
screens and the length of the overall pattern. 
With reference to the embodiment of FIG. 1, and 

wherein there are two screens provided, when the addi 
tional rotation component is in the same direction as 
the normal rotation, then the total rotation of the 
screen during the lifted position must amount to the 
angle of the non-perforated sector 2, plus an angle 
equal to the complete circumference of the screen. On 
the other hand, when the additional rotation compo 
nent is in the opposite direction of the normal rotation, . 
then the total rotation of the screen during the lifted 
position must be equal to the angle of the non-per 
forated sector 2. 
However, as stated above, the specific amount of the 

additional rotational component will vary dependent 
upon the dimensions and sizes of the given installation. 
A simple way for calculating the necessary amount of 
the additional rotation component for each installation 
is by using the formula: 

k = U - R 

wherein k is the amount of additional movement, i is 
any whole number of screen rotations, U is the circum 
ference of the cylinder, and R is the length of the total 
overall pattern. In selecting the value of i, it is desirable 
that the product of itimes U be substantially near to the 
value of R. If the value of k is negative, then the addi 
tional rotary movement must take place in a direction 
opposite to the direction of the normal rotation. On the 
other hand, if k is positive, then the additional rotary 
movement must take place in the same direction as the 
normal rotation. 
As a typical example if four screens each having a 

circumference of 64 cms. are used for printing an over 
all pattern having a total length of 200 cms., and if each 
cylinder has a printing portion of a circumferential 
length of 50 cms., it will be possible to design the instal 
lation such that each screen will perform only three 
revolutions during a given printing cycle, that is, while 
the web moves over a length of 200 cms. In this case, i 
in the above formula would equal 3 and the above 
formula will result in an additional rotational compo 
nent of 8 cms. in a direction opposite to the direction of 
normal rotation. 

It will be understood that various other means of 
imparting the additional rotary component may be 
employed, other than stepping motor 16. Certain other 
such means will be described below with reference to 
FIGS. 4 through 7. 

In FIG. 4 the same reference numerals are used as in 
FIG. 1. The drive of the drive gearing 11 is effected 
through gearing 31, e.g. interchangeable gearing 
wherein varying rotational speeds may be achieved by 
changing the various gears of gearing 31, such as would 
be necessary when changing to screens of differing size 
or printing periphery. The number of rotations of main 
drive shaft 10 however always remains in a constant 
ratio to that of the guide roller 6. The number of rota 
tions of an additional drive shaft 32 and likewise the 
number of rotations of the control shaft 15 can be 
adjusted by the interchangeable gearing 31. The rota 
tional speed of control shaft 15 is again so selected that, 
for example, on two rotations of the rotary screen 1, 
one rotation of the control shaft 15 takes place. This is 
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6 
valid for a pattern, the total length of which is com 
posed of the partial peripheries of two rotary screens. If 
three rotary screens are necessary for the total pattern 
length, then the control shaft 15, during three rotations 
of a rotary screen makes one rotation, and so on. The 
number of rotations of the main drive shaft 10 and the 
additional drive shaft 32 are so adjusted that their ratio 
corresponds exactly to the ratio of the length of the 
engraved screen periphery to the unengraved screen 
periphery. 
The following discussion will be with regard to one 

specific structural arrangement, including gear ratios. 
It is to be understood however, that the invention en 
compasses all other specific arrangements with differ 
ing gear ratios and numbers of screens, the specific 
design of which will be within the ability of those skilled 
in the art. 
Thus for example, if 80% of each screen periphery 

has a printing portion and 20% of the screen periphery 
has no printing portion, then the ratio of number of 
rotations of the main drive shaft 10 to those of the 
additional drive shaft 32 is 4:1. The drive gearing ar 
rangements are of the type described below in connec 
tion with FIGS. 5 and 6. It is noted that two complete 
revolutions of screen 1 are obtained partly by the ac 
tion of shaft 10 and partly by the action of shaft 32, 
with the contribution of shaft 32 generally being much 
smaller than that of shaft 10. 
FIGS. 5 and 6 show cross-sections through a gearing 

arrangement or gear box of a machine according to 
FIG. 4. Screen 1 is driven via gear 13 fixed to the end 
of the screen. This gear engages gear 12, the ratio of 
number of teeth of gears 12 and 13 being 8 to 10. 
Rotational movement is imparted to gear 12 via plane 
tary carrier 33 and planet pinions 34 by rotation of 
bevel gear 36 which in turn is driven by shaft 10 via 
spiral gears 35 and 52. Gear 12 performs one revolu 
tion for each two revolutions of bevel gear 36, this 
being a known feature of planetary gearing with bevel 
gears as shown herein. Spiral gears 35 and 52 have the 
same number of teeth such that for each two revolu 
tions of bevel gear 36 shaft 10 also performs two revo 
lutions. 
Thus, if the effect of shaft 32 is not transmitted to 

gear 12, then gear 12 performs one revolution for each 
two revolutions of shaft 10. Since the number of teeth 
of gear 12 is only 8/10 that of gear 13, and since only 
8/10 of the circumference of the screen has a printing 
portion, for each two revolutions of shaft 10 screen 1 is 
turned exactly over an angle which corresponds to 
circumferential printing portion thereof. 
An additional rotary movement is imparted to the 

screen 1, when the screen is lifted, by shaft 32 via bevel 
38, shaft 56, gears 53 and 54 and spiral gears 39. Gear 
ratios between spiral gears 39 as well as between spur 
gears 53 and 54 are 1:1. When the screen is lowered, 
bevel gear 38 is prevented from rotating by stop bolt 55 
which is also lowered. The connection between screen 
1 and bolt 55 is not shown in the drawings. However, 
bolt 55 is structurally connected to the screen or screen 
support to raise and lower therewith. On shaft 56 is 
fixed, not only bevel gear 38, but also disc 46. One or 
more bolts 47 are arranged in a circle on a face of disc 
46. If stop 55 is lowered, one of the bolts 47 abuts 
against this stop and shaft 56 is prevented from further 
rotation. Of course, in order to prevent damage to the 
elements, disc 46 is driven by disc 45 via interposed 
springs 50. Disc 45 is provided at its periphery with 
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gear 54 which meshes with gear 53 which is driven by 
shaft 32 via spiral gears 39. Thus, if disc 46 is prevented 
from rotating by bolts 47 and stop 55, only disc 45 
continues rotating and springs 50 are tensioned. 
As described above, the rotational speed of shaft 32 

is only one fourth of that of shaft 10. Thus, for each two 
revolutions of shaft 10, shaft 32 performs only half a 
revolution. Due to the gear ratios described above, disc 
45 also performs half a revolution. Exactly during this 
time, i.e. during two revolutions of shaft 10, screen 1 
was lowered on the web to be printed and, as described 
above, the 80% of its circumference comprising the 
printing portion has rotated on the web and printed 
thereon the pattern. In the meantime, disc 45 has made 
half a revolution and springs 50 have been tensioned. 
When its pattern has been printed, screen 1 and stop 55 
are lifted by the action of shaft 15 and cam 17. There 
fore, disc 46 will rotate freely under the influence of 
the tensioning springs 50 and disc 46 will catch up with 
disc 45 which had advanced in the meantime, until 
catch 51 of disc 45 contacts a further bolt on disc 46. 
The catch-up movement will amount to half a rotation 
of disc 46, this movement being in addition to the con 
tinued normal speed rotation of both discs 45 and 46. 
This half rotation of disc 46 and also of bevel gear 38 is 
reduced by the planetary gearing 33-38 to a quarter 
revolution of gear 12. This quarter revolution is added 
to the normal rotation caused by bevel gear 36 and 
shaft 10. This quarter revolution of gear 12 corre 
sponds exactly to 1/5 revolution of gear 13 or to the 
20% of the circumference of screen 1 having therein 
the non-printing portion. 
When the screen 1 and stop 55 are lifted, bevel gears 

38 and 36 turn in the same direction although at differ 
ent speeds. Bevel gear 38 turns only at one fourth of the 
speed of bevel gear 36, i.e. if bevel gear 36 makes two 
revolutions, bevel gear 38 performs only half a revolu 
tion. Gear 12 therefore makes one complete revolution 
due to the rotation of bevel gear 36 and a quarter of a 
revolution due to the rotation of bevel gear 38. Thus, 
due to the combined action of both bevel gears 36 and 
38, gear 12 performs 1.25 revolutions. This, in turn 
corresponds to exactly one complete revolution of gear 
13 and screen 1. 
Therefore, when screen 1 makes a total of two revo 

lutions, 80% of the first revolution is performed when 
the screen is lowered and exclusively due to the shaft 
10, while the movement of shaft 32 is stored in the 
storage device 45 and 46 such that the movement of 
shaft 32 is of no influence on the screen during the 
printing period. When the screen 1 is lifted the stored 
movement of shaft 32 is released, and thus the remain 
ing 20% of the first rotation of the screen is immedi 
ately carried out during lifting of the screen. The sec 
ond complete revolution of screen 1 takes place when 
the screen is lifted, and is achieved by the combined 
action of the movements of both shafts 10 and 32. It 
should be mentioned that the rotational speed imparted 
to the lowered screen by the sole action of shaft 10 is 
synchronized with the speed of the web to be printed. 
On the other hand, during lifting, the circumferential 
speed of the screen is considerably higher than the 
speed of the web, and when the screen is in the lifted 
position, the circumferential speed of the screen is 25% 
higher than the speed of the web. 
FIG. 7 shows a further embodiment of a gearing 

arrangement or gear box. It comprises an automatic 
mechanical switch in the form of a Maltese cross mech 
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8 
anism. Gear 12 is connected to a planetary carrier 33 
bearing planetary pinions 34. If the screen is lowered to 
its printing position, gear 12 is driven only by shaft 10 
via spiral gears 35 and 52, bevel gear 36, planetary 
pinions 34 and planetary carrier 33. The circumferen 
tial speed of the screen is equal to the speed of advance 
of the web. 
Subsequently, screen 1 is lifted by cam 17, rod 20, 

plate 41 and supports 42 and 43 immediately after the 
non-printing portion 2 of the screen has come in 
contact with the portion of the web not to be printed 
thereby. Immediately after the lifting movement has 
started, Maltese cross mechanism 37 imparts an addi 
tional movement to bevel gear 38 via spur gearing 57, 
58, 59 and 60. Bevel gear 38 in turn drives gear 12 via 
planetary gears 34 and carrier 33. The Maltese cross 
mechanism 37 is activated exactly at the moment when 
the non-printing portion 2 of the screen faces the web. 
The Maltese cross mechanism 37 is driven by shaft 32 
via spiral gears 39. It should be mentioned that shaft 32 
has the same speed as shaft 15. For any one revolution 
of shafts 15 and 32 the Maltese cross mechanism 37 is 
activated once. One activation causes one fourth of a 
revolution of shaft 56 and will be transformed by gear 
ings 57 to 60 to impart an additional rotation to the 
screen equal to twice the length of the non-printing 
section. 
Thus, assuming the presence of two screens, during 

two revolutions of shaft 10, screen 1 undergoes two 
complete revolutions. The percentage of such revolu 
tions corresponding to the percentage of the printing 
portion of the screen circumference are imparted by 
shaft 10 only. The remaining percentage of the two 
revolutions is imparted by shaft 32 and Maltese cross 
mechanism 37. 

It will be understood that the scope of the present 
invention is not limited to the specific number and 
configuration of screens or the gear ratios discussed 
above. Rather, the scope of the present invention in 
cludes all modifications to the above specific configu 
rations as set forth in the appended claims. 
What is claimed is: 
1. A printing machine for repeatedly printing rela 

tively long overall patterns on a web of material, said 
machine comprising: 
support means for continuously moving said web of 

material at a predetermined speed; 
at least two printing units mounted on the side of said 
web of material opposite said support means, each 
of said printing units including a rotatably mounted 
cylindrical screen, each of said screens having on 
the periphery thereof a printing sector with leading 
and trailing edges in the direction of rotation for 
printing a separate portion of said overall pattern 
and a non-printing sector; 

means operatively connected to each of said printing 
units to lower the screens thereof from a raised 
position into a lowered position in a predetermined 
sequence with the leading edge of each said print 
ing sector in contact with said web of material for 
printing on said web of material the respective 
portions of said overall pattern when the respective 
printing sectors of said screens are rotatively 
aligned with said web of material, and for raising 
said screens out of contact with said web of mate 
rial into said raised position after the trailing edge 
of each said printing sector has contacted said web 
of material; 
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first drive means operatively connected to each of 
said screens for continuously imparting a first ro 
tary movement of said screens while said screens 
are in both said raised and lowered positions, said 
first rotary movement causing a circumferential 
rotation of each of said screens at a speed equal to 
said speed of said web of material; and 

second drive means operatively connected to each of 
said screens for imparting a second rotary move 
ment thereto, simultaneous to the application of 
said first rotary movement, each time said screens 
are in said raised position, and only when said 
screens are in said raised position, said second 
rotary movement being predetermined in accor 
dance with system parameters including the size of 
said printing and non-printing sectors of said 
screens, the net of said first and second rotary 
movements when said screens are in said raised 
position being such that the leading edges of the 
printing sectors are in position to be engaged by 
said web when said screens are lowered by said 
means for raising and lowering. 

2. A machine as claimed in claim 1, wherein said 
second rotary movement is in the same direction of 
rotation as said first rotary movement. 
3. A machine as claimed in claim 1, wherein said 

second rotary movement is in a direction opposite to 
the direction of rotation of said first rotary movement. 

4. A machine as claimed in claim 1, wherein said first 
drive means comprises a main drive shaft rotatably 
mounted and extending longitudinally of said machine, 
and drive gearing means operatively interconnected 
between each of said screens and said main drive shaft 
for transferring rotation of said main drive shaft to said 
SCS. 

5. A machine as claimed in claim 4, wherein said 
second drive means comprises an intermittently opera 
ble stepping motor operatively connected to each of 
said drive gearing means of each of said screens. 
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operatively rotatably connected to said main drive 
shaft and extending longitudinally of said machine, and 
Geneva wheel mechanisms operatively connecting said 
additional drive shaft with said drive gearing means of 
each of said screens. 

7. A machine as claimed in claim 6, wherein said 
main drive shaft and said additional drive shaft are 
driven by gearing means for providing predetermined 
changeable speed ratios between the rotational speed 
of said main drive shaft and said additional drive shaft. 

8. A machine as claimed in claim 4, wherein said 
second drive means comprises an additional drive shaft 
operatively rotatably connected to said main drive 
shaft and extending longitudinally of said machine, and 
a rotary movement storage means operatively connect 
ing said additional drive shaft with said drive gearing 
means of each of said screens for storing movement of 
said additional drive shaft when said screens are in said 
lowered position and transferring the thus stored move 
ment to said screens when said screens are in said 
raised position. 

9. A machine as claimed in claim 8, wherein said 
main drive shaft and said additional drive shaft are 
driven by gearing means for providing predetermined 
changeable speed ratios between the rotational speed 
of said main drive shaft and said additional drive shaft. 

10. A machine as claimed in claim 4, wherein said 
means to lower and raise said screens comprises a con 
trol shaft operatively rotatably connected to said main 
drive shaft and extending longitudinally of said ma 
chine, and cam means connected to said control shaft 
and operatively engaged with said printing units for 
sequential raising and lowering contact therewith. 

11. A machine as claimed in claim 10, further com 
prising gearing means interconnecting said main drive 
shaft and said control shaft for providing a ratio be 
tween the rotational speeds of said control shaft to said 
main drive shaft corresponding to lin, wherein n equals 

6. A machine as claimed in claim 4, wherein said 40 the number of said screens. 
second drive means comprises an additional drive shaft 
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