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3,477,304
PRINTING PRESS BACKLASH CONTROL
MECHANISM
William G. Young, Shaker Heights, Ohio, assignor to
“ Miller Printing Machinery Co., Pittsburgh, Pa., a cor-
poration of Pennsylvania
Filed Nov. 22, 1967, Ser. No. 685,105
Int., CL. F16h 55/20
U.S. Cl. 74—409 7 Claims

ABSTRACT OF THE DISCLOSURE

A backlash control mechanism for a rotary printing
press including a shaft assembly with two axially aligned
shaft members joined by a coupling device. The coupling
device has two elements with faces in- abutting engage-
ment and one element secured to each shaft member. The
elements are adapted to rotate relative to each other and
locking means are provided to fixedly secure the elements
to each other in their adjusted or rotated position. The
opposite ends of the shaft assembly are connected through
gearing to separate cylinder drive gears in the meshing
cylinder drive gear train. A controlled amount of torque
is applied to the shaft members by rotating the elements
of the coupling device and locking the coupling device
with the torque in the shaft members. The torque is
transmitted. through the connecting gearing to separaie
gears of the cylinder drive gear train, The torque in the
shafts exerts a position pressure or load on the meshing
gear teeth in the direction of gear rotation so that back-
lash of the gears caused by external vibrations and cyclic
load variations is minimized.

BACKGROUND OF THE INVENTION
’ Field of the invention

This invention rélates to a backlash control mecha-
nism connected to a pair of gears in a constantly meshing
gear train that provides a positive force on the meshing
gear teeth in the direction of gear rotation. More partic-
ularly, the invention relates to a backlash control shaft
assembly for usé in rotary printing presses connected to
separate gears in the press cylinder drive gear train. The

control shaft assembly is operable to exert, through a con- j

trolled amount of torque therein, a positive load or pres-
sure on the meshing gear teeth.

Deséription of the prior art

The rotary prinfing presses, especially multicolor sheet
fed printing presses include a first printing unit and a
second printing unit witha transfer cylinder therebetween.
In the perfecting type of sheet fed rotary printing press
the first unit has a feed roll drive, an impression cylinder,
and a transfer cylinder. The cylinders and the feed roll
drive are comnnected by a constantly meshing gear train
for coordinated timed rotational movement. The gear train
includes a gear connected to the intermediate transfer
cylinder commonly-called the second transfer cylinder be-~
tween the first printing unit and the second printing unit.
The: second printing unit similarly has an impression cyl-
inder, a transfer cylinder and a sheet delivery mechanism.
A constantly meshing gear train connects the various cyl-
inders and the sheet delivery mechanism of the second
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printing unit to each other for coordinated timed rota-
tional movement. The intermediate transfer cylinder in-
cludes a second gear meshing with the gear train connect-
ing the cylinders and sheet delivery mechanism of the sec-
ond printing unit, A prime mover is operatively connected
to the gears on the intermediate transfer cylinder and
provides a drive for the gear trains of the first printing
unit and the second printing unit.

The various cylinders include cam actuated sheet han-
dling devices such as sheet gripping devices and suction
devices. At high printing speeds it is believed that the
cam actuated devices create periodic torsional stresses in
the various shafts associated with the cylinders. These
toisional stresses in the shafts associated with the cylin-
ders tend to vibrate the drive gearing and cause the mesh-
ing driving and driven teeth to momentarily separate and
provide erratic drive for the printing cylinders. The sepa-
ration and erratic loading of the gear teeth due to the
external forces will hercinafter be referred to as gear
backlash. Since the respective gears. are rigidly secured
to the cylinders associated therewith, the gear movement
caused by the vibration produces a corresponding move-
ment or vibration in the respective cylinders. Deviation
from the desired coordinated timed rotational movement
of the printing cylinders causes registry problems. It is
also believed that an unbalanced loading condition of the
various phases in a multiphase electric motor or an out
of phase relationship between the three phases may re-
sult in erratic pulsating rotation to the gears driven by
the electric motor and also cause gear backlash.

The problem of backlash caused by departures from
the optimum spacing between plate and impression gears
has been previously recognized. In United States Patent
2,948,215 there is an apparatus that includes a series of
gears with a cup shaped ring gear having internal and
external teeth. It is stated this cup shaped ring gear
provides a means for reducing the backlash effects in a
printing plate and impréssion cylinder couple that has
an eccentrically mounted adjusting device. : i

SUMMARY OF THE INVENTION. :; -

The hereinafter described -invention is: directed to a
backlash control mechanism that maintains the meshing
teeth of the respective gears in the gear train in:contact
with each other so that the externally caused vibrations
do not materially affect the coordinated timed:rotational
movement of the various cylinders, It is, therefore, an ob-
ject of this invention to provide apparatus to-control
backlash in a series of constanily meshing gears in.a
printing press by providing a positive force on the mesh-
ing gear teeth in the driven direction of the gears:

Another object of this invention is.to provide apparatus
for the control of backlash by means of apparatus per-
mitting controlled variation in the positive force. applied
to the meshing gear teeth in the gear train. : B

It is yet another object of this invention to provide a
backlash control device by interconnecting certain gears
of the gear train by means of .a shaft assembly having a
controlled amount of torque therein to provide the posi-
tive force on the meshing gear teeth. : o

These and other objects and advantages of -this inven-
tion will be more completely disclosed. and described in
the following specification, the accompanying drawings
and the appended claims. :
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIGURE 1 is a view in elevation, partially schematic,
of a first printing unit and a second printing unit with the
intermediate transfer cylinder and the backlash control
mechanism for each printing unit.

FIGURE 2 is a sectional view taken along the line
2—2 in FIGURE 1 illustrating the backlash control ap-
paratus for the first printing unit.

FIGURE 3 is a view in section taken along the line
3—3 of FIGURE 1 illustrating the backlash control
mechanism for the second printing unit.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIGURE 1, the rotary printing press se-
lected for purposes of illustration is a sheet fed offset
lithographic press adapted for two color and perfecting
printing. The printing press generally designated by the
numeral 10 has a first printing unit 12 and a second
printing unit 14 interconnected by a second or inter-
mediate transfer cylinder 16. The gearing for the first
printing unit 12, the second printing unit 14 and the inter-
mediate transfer cylinder 16 is illustrated diagrammati-
cally in FIGURE 1 with the direction of rotation of the
respective cylinders indicated by the directional arrows.

The intermediate cylinder 16 has a pair of coaxial gears
18 and 20 (FIGURES 2 and 3) that are positioned on a
common shaft and interconnect the printing units 12 and
14 with the intermediate transfer cylinder 16. The gear
20 of intermediate transfer cylinder 16 is arranged to be
disconnected from its supporting shaft to permit rotation
of the cylinders of the first printing unit relative to the
cylinders of the second printing unit for adjustment of
the press as a two color press or a perfecting press. In
FIGURE 1, the gear 20 is indicated schematically as the
outer gear. It should be understood, however, that gear
20 is in overlying relation with gear 18 and that gear 20
connects the intermediate transfer cylinder 16 with the
second printing unit 14.

The first printing unit 12 has a gear 22 on the first
transfer cylinder that meshes with the gear 18 on inter-
mediate transfer cylinder 16. The impression cylinder of
the first printing unit has a gear 24 that meshes with the
gear 22 on the first transfer cylinder. A gear 26 that
drives the cam actuated feed roll meshes with the gear
on the impression cylinder 24 of the first printing unit
12. The gears 18, 22, 24 and 26 are arranged in substan-
tially the same plane and form a constantly meshing
gear train in the first printing unit 12.

The second printing unit 14 has a gear 28 on the third
transfer cylinder meshing with the outer gear 20 on the
intermediate transfer cylinder 16. Gear 30 mounted on
the impression cylinder in the second printing unit 14
meshes with the gear 28 on the third transfer cylinder of
the second printing unit 14. The sheet delivery mechanism
has a gear 32 connected thereto that meshes with the gear
30 on the impression cylinder. The gears 20, 28, 30 and
32 are arranged in substantially the same plane and
form a constantly meshing gear train for the second print-
ing unit 14. An electric motor (not shown) is connected
as later described to gear 18 and gear 18 in turn drives
gear 20 through a suitable clamping device. With this
arrangement, rotation of the gears 18 and 20 is trans-
mitted to the respective gears meshing therewith so that
drive is provided for the first printing unit 12 and the
second printing unit 14 and the gears in first printing
unit 12 function as a single gear train and the gears in
the second printing unit 14 function as a separate single
gear train. It should be understood, however, the gear
trains, during printing are interconnected and function as
a single gear train to provide the desired timed rotational
movement to all of the elements of the press 10. A
suitable system for driving the gears 18 and 20 on the
intermediate transfer cylinder 16 is disclosed in United
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States Patent 2,757,610. Other drive systems for the co-
ordinated drive of the two printing units 12 and 14 may
also be employed.

There is provided a first backlash control mechanism
generally designated by the numeral 34 and illustrated
in FIGURES 1 and 2 for controlling the backlash of the
gearing in the first printing unit 12. A second backlash
control mechanism 36 is illustrated in FIGURES 1 and
3 for controlling the backlash of the gearing in the second
printing unit. It should be understood, although reference
is made to the first and second printing units 12 and 14,
the drive gear train for the respective units includes the
gears 18 and 20 on the intermediate transfer cylinder
16. The gears on the second or intermediate transfer cylin-
der 16 form a part of the drive train for the respective
units and the respective backlash control mechanisms
34 and 36 are connected to the gears of the intermediate
transfer cylinder 16.

The backlash control mechanism 34 has a shaft as-
sembly 38 that includes axially aligned shafts 40 and 42
connected to each other at one end by a coupling device
44. The axially aligned shafts 40 and 42 are arranged in
a plane substantially parallel to the plane of the constantly
meshing gear train of the first printing unit 12. The shaft
40 is suitably journaled for rotation in pillow block type
bearings 46 and 48 supported on a plate 5¢ suitably se-
cured to the press frame 52. The plate 50 has an aperture
54 through which a stub shaft 56 extends. The shaft 56 is
supported by a bearing 58 positioned in aperture 54 of
plate 50 and at the other end in bearing 60. The bearing
60 is suitably supported in a second plate 62 secured
to the press frame 52. A spur gear 64 is nonrotatably se-
cured to the shaft 56 intermediate the bearings 58 and 60
and meshes with gear 26 of the feed roll drive in print-
ing unit 12. A bevel gear 66 is nonrotatably secured to
the end of shaft 56 and meshes with bevel gear 68 non-
Totatably secured to the free end of shaft 40.

The shaft 42 is supported adjacent its end portion in
a pillow block bearing 70 mounted on plate 72 that is se-
cured to the press frame 52 by bolts 74. The plate 72 has
an aperture 76 through which a shaft 78 extends. A bear-
ing 80 rotatably supports the shaft 78 in the plate aperture.
The opposite end of shaft 78 is supported in bearing 82
positioned in a bearing aperture 84 in the frame 52. A spur
gear 86 is keyed to the shafting 78 for rotation there-
with and meshes with an intermediate gear 88 suitably
supported on a shaft 90 diagrammatically illustrated in
FIGURE 2 by the dash-dot line. The intermediate spur
gear 88 meshes with the gear 18 of the intermediate trans-
fer cylinder 16. An electric motor (not shown) is con-
nected to and drives shaft 78. Thus, the motor rotates
shaft 78 and gear 86 nonrotatably secured thereto. Drive
from gear 86 on shaft 78 is transmitted through the gear
88 to the spur gear 18.

A bevel gear 92 is nonrotatably secured to the end por-
tion of shaft 78 beyond the plate 72 and meshes with a
bevel gear 94 nonrotatably secured to the shaft 42 of the
shaft asembly 38 so that rotation of the shaft 78 is trans-
mitted through bevel gears 92 and 94 to shaft 42 and
also through gears 86 and 88 to gear 18 on the inter-
mediate transfer cylinder 16.

The coupling device 44 connecting the ends of shafts
40 and 42 has a first element 96 with an end face 98
and a longitudinal bore 100 therethrough. The end of
shaft 40 extends through bore 100 and is nonrotatably se-
cured . therein by suitable means such as key 102. The
element 96 has a plurality of tapped threaded bores 104
therein at locations equidistant from and parallel to the
axial bore 100. The coupling device 44 has a second simi-
lar element 106 that has a longitudinal bore 108 there-
through in which the end of shaft 42 is secured by means
of key 110. The element 106 has a face portion 112 in
abutting relation with the face portion 98 of element 96
and has a plurality of longitudinal bores 114 which are

aligned within the threaded bores 104 in the other element
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96. Bolts 116 extend through the bores 114 in elements
106 and are threadely secured in the threaded bores 104
in element 96. The longitudinal bores 114 in element 106
are larger than the body portion of the bolts 116 and
may, where desired, be arcuate in shape where greater
torque is desired in the shafts as hereinafter described.
The elements 96 and 106 each has a radial bore 118
and 119 therein as is illustrated in FIGURES 1 and 2.
By means of the coupling device 44, a torque can be im-
parted to the shaft assembly 38 by rotating the elements
96 and 106 in the directions indicated by the arrows in
FIGURE 1 and secured in the torqued position by tight-
ening the bolts 116 and nonrotatably securing the ele-
ments 96 and 106 to each other. Levers are inserted in the
radial bores 118 and 119 of the elements 96 and 106 and
moved in opposite directions, ie. the direction of the
arrows, until the desired torque is imparted to the shaft
assembly. It should be noted that the shafts 40 and 42
are rotated in opposite directions as indicated by the
arrows in FIGURES 1 and 2 to apply a torque to the
shaft assembly 38. The amount of torque applied to shaft
38 is controlled by the axial rotation of elements 96 and
106 to each other in opposite directions. The shaft assem-
bly 38 of backlash assembly 34 is connected at one end

to gear 26 of the feed roll drive and at the other end *

through gearing 86 and 88 to the inner gear 18 of inter-
mediate transfer cylinder 16.

The direction of drive imparted to the gearing of the
first printing unit 12 is indicated by the directional arrows
in FIGURE 1. Gear 18 rotates in a clockwise direction
and is in meshing relation with the gear 22 of the first
transfer cylinder in the first printing unit 12 and rotates
the transfer cylinder 22 in a counterclockwise direction.
The gear 24 on the impression cylinder meshes with the
gear 22 on the transfer cylinder and is driven in a clock-
wise direction by the gear 22. The feed roll gear 26
meshes with the impression cylinder gear 24 and is driven
by the impression cylinder gear in a counterclockwise
direction. In this gear train the gear 18 on the transfer
cylinder 16 is rotating in the opposite direction to the gear
26 associated with the feed roll drive. The torque in shaft
assembly 38 urges the gear 18 of intermediate transfer
cylinder 16 in a direction the same as the direction of
drive and also urges the gear 26 associated with the feed
roll drive in a direction opposite to the direction of ro-
tation by the drive mechanism. The backlash mechanism
34 thus urges the meshing teeth of the respective gears
in the gear train into contact with each other and elim-
inates any clearance between the pressure side of the

drive tooth and the tooth of the gear meshing therewith. ;

The backlash control mechanism 34 through its geared
connection rotates in unison with the constantly meshing
gear train 18, 22, 24 and 26 and provides a second con-
nection between gears 18 and 26. This second connection
between gears 18 and 26 includes intermediate gear 88,
gear 86 on shaft 78, bevel gear 92 on shaft 78, meshing
bevel gear 94 on shaft assembly 38 and meshing bevel
gears 68, 66, shaft 56, and gear 64 which meshes with
gear 26 associated with the feed roll drive. The second
connection, however, has a torque applied thereto that
urges the meshing teeth of gears 18, 22, 24 and 26 into
contact with each other and applies a pressure or force
on the gear teeth so that they remain in contact when a
vibratory force is exerted on the respective gears in a di-
rection opposite to the direction of drive.

The backlash control mechanism 34 also includes a
cylinder adjusting mechanism generally designated 120
operable to rotate the cylinders of the first printing unit
12 when the gear 20 is disengaged from the shaft of the
intermediate cylinder 16 to position the respective cyl-
inders of the first printing unit 12 for either perfecting or
two color opertion. The cylinder adjusting mechanism
includes a shaft 122 extending through an aperture in
plate 50 and rotatably supported in the frame 52. A gear
124 is nonrotatably secured to the shaft 122 and meshes
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with a gear 126. The gear 126 is supported on a shaft 128
and has a gear 130 secured thereto in meshing relation
with the gear 22 of the first printing unit transfer cylin-
der. The shaft 122 has a receiver portion 132 and a handle
134 schematically illustrated in FIGURE 2. With this
arrangement, rotation of handle 134 rotates shafi 122,
gears 124, 126, 130 and gear 22 on the transfer cylinder of
the first printing unit to rotate the cylinders of the entire
first printing unit and position the cylinders therein rela-
tive to the second printing unit.

The backlash control mechanism 36 is similar in many
respects to the backlash control mechanism 34 and has a
shaft assembly 136 that has two axially aligned shafts
138 .and 140. The axially aligned shafts 138 and 140 are
arranged in a plane substantially parallel with the con-
stantly meshing gear train of the second printing unit 14.
The shaft 138 is supported in pillow block type bearings
142 and 144 which are secured to a plate 146 mounted
on the printing press frame in a suitable manner. A cou-
pling device 148 connects the ends of the shafts 138 and
140 to form the shaft assembly 136. The shaft 140 is
supported adjacent its end portion in a pillow block bear-
ing 150 that is secured to a plate 152 suitably supported
on the press frame 50. The plate 152 has an aperture 154
through which a shaft 156 extends and is rotatably sup-
ported at one end by bearing 158 on the press frame 50
and by bearing 160 positioned in aperture 154, A bevel
gear 162 is connected to the end of shaft 156 and an
intermediate gear 164 is nonrotatably secured to shaft 156
between plate 152 and the press frame 50, The gear 164
meshes with gear 32 associated with the sheet delivery
mechanism, The shaft 140 has a bevel gear 166 non-
rotatably secured thereto in meshing relation with the gear
162 so that gear 32 associated with the sheet delivery
mechanism is connected to the shaft 140 through the pre-
viously described gearing.

The plate 146 (FIGURE 3) has an aperture 168 there-
through in which there is positioned a bearing 170 that
supports an intermediate portion of shaft 172. The end
of shaft 172 is supported by a bearing 174 positioned in
an aperture 176 in the press frame 5. Another shaft 178
is positioned in parallel spaced relation to shaft 172 and
is suitably supporied in bearings 18¢ and 182. The shaft
172 has a spur gear 184 nonrotatably secured thereto that
meshes with gear 186 on shaft 178. The shaft 178 also
has a spur gear 188 nonrotatably secured thereto that
meshes with the gear 28 of the intermediate transfer cyl-
inder 16. The shaft 172 has a bevel gear 190 secured
thereto that meshes with a bevel gear 192 secured to shaft
138 of the shaft assembly 136. With this arrangement,
the gear 132 of the sheet delivery mechanism is connected
to the gear 20 of the intermediate transfer cylinder 16.

The coupling device 148 is similar to the coupling de-
vice 44 and has a first element 194 and a second element
196, With aligned longitudinal bores 198-200 there-
through in which the ends of shafts 140 and 138 are non-
rotatably secured. The element 196 has a plurality of
threaded bores 282 positioned parallel to and equidistant
from the axial bore 200. The element 194 has a plurality
of enlarged bores 204 extending therethrough and aligned
with- the threaded bores 202 in element 196. Bolts 206
are threadedly secured in the bores 202. The size of the
bores 204 are larger than the diameter of the body por-
tion of bolts 206 so that relative rotation to a limited
extent can take place between elements 194 and 196 when
the bolts extend through the aligned bores 202 and 204
are threadedly secured in the bores 202. The elements 194
and 196 have receiving passageways 208 and 21¢ for
levers to apply a torque to the shaft assembly 136. The
bolts 206 are loosened to permit rotation of elements 194
and 196 relative to each other and levers are positioned
in passageways 268 and 210 and moved in opposite di-
rections to each other as indicated by the arrows in FIG-
URES 1 and 3. When the desired amount of torque is
applied to shaft assembly 136, the bolts 206 are tightened
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and the torque remains in the shaft assembly 136, The
torque in shaft assembly 136 attempts to unwind the shaft
assembly 136 and exerts a force or pressure on the gear
teeth of gears 32 and 20 in the direction of gear rotation
to thus apply a positive pressure or force on the meshing
gear teeth in the direction of rotation of the gear train
comprising gears 20, 28, 30 and 32.

According to the provisions of the patent statutes, I
have explained the principle, preferred construction and
mode of operation of my invention and have illustrated
and described what I now consider to represent its best
embodiment. However, 1 desire to have it understood
that, within the scope of the appended claims, the inven-
tion may be practiced otherwise than as specifically illus-
trated and described.

I claim:

1. In a printing press having a backlash control de-
vice, the combination comprising,

a constantly meshing gear train having a plurality of
gears positioned in substantially the same plane and
adapted to transmit rotational movement to elements
of said press,

a backlash control device for said constantly meshing
gear train including,

a pair of axially aligned shaft members positioned
in a plane substantially parallel to and spaced
from the plane of said constantly meshing gear
train,

coupling means connecting said shaft members to
form a shaft assembly,

first connecting means operatively connecting one
end of said shaft assembly to one of the gears of
said constantly meshing gear train,

second connecting means operatively connecting
the other end of said shaft assembly to another
one of the gears of said constantly meshing gear
train,

said coupling means having two elements operable
to rotate relative to each other and apply a
torque to said shaft assembly, and

locking means to lock said two elements of said
coupling means against relative rotational move-
ment,

said shaft assembly and said first and second con-
necting means operable to apply a force on said
gears in said constantly meshing gear train in
the direction of rotation of said gears, said force
on said gears being proportional to the torque
in said shaft assembly.

2. In a printing press as set forth in claim 1 in which
said first connecting means includes,

a bevel gear nonrotatably secured to the shaft assembly

adjacent one end, .

a second bevel gear meshing with said first bevel gear
and nonrotatably secured to a first intermediate shaft
disposed substantially perpendicular to said shaft as-
sembly,

gear means connecting said intermediate shaft to one
of the gears in said gear train so that torque in said
shaft assembly is transmitted through said bevel
gears, intermediate shaft and gear means to said one
of the gears in said gear train.

3. In a printing press as set forth in claim 2 in which

said gear means includes,

a third gear nonrotatably secured to said first inter-
mediate shaft, and

a connecting gear meshing with said third gear and
said one of the gears of said constantly meshing
gear train.

4. In a printing press as set forth in claim 2 in which

said connecting means includes,

a third bevel gear nonrotatably secured to the other
end of said shaft assembly,

a fourth bevel gear meshing with said third bevel gear
and nonrotatably secured to a second intermediate
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shaft disposed substantially perpendicular to said
shaft assembly,

gear means connecting said intermediate shaft to an-
other one of said gears of said constantly meshing
gear train so that torque in said shaft assembly is
transmitted through said bevel gears, second inter-
mediate shaft and gear means to said other one of
said gears in said gear train.

5. In a printing press as set forth in claim 1 in which

said coupling means includes,

a first element having a front face and a plurality of
threaded passageways spaced radially from and par-
allel to said shafts,

a second element having a front face and a plurality
of passageways spaced radially from said shafts and
aligned with said threaded passageways in said first
element,

said front face of said first and second elements posi-
tioned in abutting relation with each other,

bolts extending through said passageways in said second
element and threadedly secured in said aligned
threaded passageways in said first element,

said second passageways having a transverse dimen-
sion larger than the transverse dimension of said
first passageways so that said elements are rotatable
relative to each other with said bolts positioned in
said passageways to thereby apply a torque in said
shaft assembly.

6. In a sheet fed offset printing press having a back-

lash control device, the combination comprising,

a gear train adapted to transmit rotational movement
to elements of said printing press, said gear train
including,

a first rotary gear,

an impression cyclinder gear meshing with said
first rotary gear,

a first transfer cylinder gear meshing with said
impression cylinder gear,

a second transfer cylinder gear meshing with said
first transfer cylinder gear,

a backlash control device having,

two axially aligned adjacent shaft members,

coupling means joining said shaft members and
forming a shaft assembly,

first connecting means operatively connecting one
end of said shaft assembly to said second trans-
fer cylinder gear,

second connecting means operatively connecting
the other end of said shaft assembly to said first
rotary gear,

said coupling means having two elements with
abutting faces for rotational movement relative
to each other to apply a torque to said shaft
assembly, and

locking means to retain said two elements of said
coupling means against rotational movement

_ relative to each other,

said shaft assembly and said first and second con-
necting means operable to apply a force on said
meshing gears in the direction of drive of said
gears, said force being proportional to the torque
of said shaft assembly.

7. In a sheet fed offset printing press having a back-
lash control device as set forth in claim 6 in which said
press includes,

a second gear train to transmit rotational movement

to elements of said printing press comprising,

a second gear on said second transfer cylinder,

a third transfer cylinder gear meshing with said
second gear on said second transfer cylinder,

a second impression cylinder gear meshing with
said third transfer cylinder gear,

a second rotary gear meshing with said second
impression cylinder gear, and

a second backlash control device operable to apply
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