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1. Introduction

A print (reproduction) of any image (original)
may be produced in offset printing press as follows [1, 2].
A printing form with a prototype of the image to be repro-
duced is fixed to the plate cylinder of the printing press
drive. On operation of the press, the prototype is moistened
with printing ink, transferred to the surface of the plate
cylinder fixed hereto and to the surface of the blanket of
the blanket cylinder that rotates together with the said cyl-
inder and from the blanket — onto the printing material
(paper or similar) and thus the print is made. Rotation of
plate and blanket cylinders is synchronized mechanically
by connecting them with a gear.

In modern offset printing presses, seeking to re-
duce rotational vibrations of the plate and blanket cylinders
as well as to increase rotation uniformity of the cylinders,
the plate and blanket cylinders connected with gearwheels
are in addition pressed against each other with 30 mm wide
cylindrical steel contact rings, mounted at their edges. The
said rings are pressed against each other with a force of
about 12000-14000 N [1, 2]. So, the rotating cylinders are
cohered both with the gearwheels and the contact rings.

One of application variants of the contact rings is
shown in Fig. 1. It presents the scheme of a drive of the
both-side printing section of the web offset printing press
(the whole machine consists of printing and other sections
that are rotated by the mutual engine via cardan shaft and
gearwheels).

A section’s drive consists of the blanket cylinders
1, 2 and plate cylinders 3, 4 that are connected with 5-8
gearwheels and rotate in bearings. The drive is rotated by
the cardan shaft //, connected to it with the conical gears
9, 10. Cylinders 1, 4 and 2, 3 are pressed against each other
with contact rings /2. Paper tape (not shown in Fig. 1) is
used for transfer of the prints from the blanket cylinders
onto both sides of it; it moves between the rotating blanket
cylinders / and 2; the contact rings of the said cylinders do
not touch each other, because the distance between the
axes of rotation of the cylinders is adjusted.

The object of the paper: to investigate the impact
of contact rings upon intensity of rotational vibrations of
the plate and blanket cylinders /-4, following the scheme
of the section’s drive provided in Fig. 1 and applying the
method of computer-aided analysis. The greatest attention
should be paid to relative rotational vibrations between the
cylinders, because the quality of prints directly depends on
them.

The scheme provided in Fig. 1 is the one of a
generalized character. It is applied to qualitative investiga-
tion of the impact of contact rings upon vibrations of the

Fig. 1 The scheme of the printing section’s drive under
investigation

cylinders and does not pretend to be a precise adequate
model of any printing section’s drive.

2. Dynamical model development

For the investigation, a dynamic model (scheme
of calculation) of the drive shown in Fig. 1 was developed.
Cylinders and gearwheels that rotate in nondeforming
bearings are considered as absolutely rigid bodies inter-
connected with links that are elastic to twists and have cer-
tain damping. In addition, it is accepted that the developed
dynamic model is linear and the values identifying its ele-
ments (the parameters of the model) are constant (Fig. 2).

The elements of the model: [,,...,/, are mo-

ments of inertia of the blanket cylinders /, 2 and the plate
cylinders 3, 4 (here and hereinafter all shown moments of
inertia are calculated about rotation axes of the bodies), /2
— contact rings steadily fixed to the cylinders, /3 — blanket
tissue that covers the blanket cylinders 7, 2; Is,..., [,, are

inertia moments of the gearwheels 5, ..., 10; [, = - is
inertia moment of the cardan shaft; c,, 7

[

¢, r. and ¢,

r, are coefficients of stiffness and damping, correspond-
ingly, of the elements elastic to twists that connect the
gearwheels 5, ..., § with the cylinders /,...4, the gear-
wheels 7, 9 and /0 with the cardan shaft //; b,, b,, b,,

b, are coefficients of damping of bearing units; c,, r, are

coefficients of stiffness and damping, correspondingly, of
the elastic element used for the simulation of reciprocal
tangential shifts of the pressed contacts rings /2 (Fig. 2, b).
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Fig. 2 Dynamical modJl of the printing section drive: a — general view; b — the scheme of simulation of tangential shifts

between the contact rings pressed against each other

It is accepted that the following external excitation forces
affect the drive under investigation in the period #:
the moments of resistance M,,...,M, that affect

the cylinders I, ..., 4; these moments are caused
by variable resistance forces of the blanket /3 be-
tween the pressed against each other cylinders;

kinematic excitation ¢, =g, (7) that simulates

nonuniform motion of the cardan shaft;

cyclic errors of gearwheel cohesion (their simula-
tion is provided below).

The positions of all gears and cylinders /, ..., 10
are identified using coordinates ¢, , ..., ¢,,; their positive
directions of rotation (shown in Fig. 2) correspond to the

directions of rotation of the shafts and cylinders on opera-
tion of the machine.

3. Formation of equations

The equations are formed according to the dy-
namic model provided in Fig. 2, using the Lagrange equa-
tions of the second type [3-5].

d| oT or oo oIl

dq; 0q; Oq,

1 1

0, (i=12..m (1)

dt aqi

where T,71,® are kinetic energy, potential energy and
dissipative function of the system under discussion; g, is
the i-th generalized coordinate; Q, is the generalized force
acting according to the coordinate ¢, (in the case under
discussion, the forces @, do not include generalized forces

caused by errors of gearwheels and nonuniform rotation of
the cardan shaft).

The following generalized coordinates (so called
principal coordinates) are chosen for the Eq. (1)

4, =P P2 D3, Py, P71, P (2)

The other coordinates s, ¢, @, @,, shown in

Fig. 2, are referred to as the auxiliary coordinates [4], be-
cause they are unambiguously expressed through the prin-
cipal coordinates (2). These expressions, where cyclic er-
rors of gearwheels cohesion are taken into account as well,
are found as follows in accordance with [5].

The expression for the angle ¢,, is found from

}

where 4;,,, g, =4y /R10 are cyclic linear and angular

the equations

Ry = Ry, +A9,10
P =1Py+ 0y,

3)

errors of gearwheels 9 and /0 cohesion, i = Ry/R,, .

The expressions for the angles ¢, ¢4, ¢, through
the angle ¢, are found using the scheme provided in
Fig. 3, where R, is base circles of the gearwheels (the
same); 0, (i; j =35,6,7,8) are cyclic linear error of the
i -th gear wheel in its cohesion with the j-th gearwheel,
for example, &, is cyclic linear error of the 6-th gear-

wheel in its cohesion with the 5-th gearwheel, and so on.
According to Fig. 3, we find

OR, =R, + 56,7 + 57,6 “4)
PsR, = QR + 056+ O 5 (5)
R =R, + 57,8 + 58,7 (6)

After the transformation, we obtain the following
final expressions



Ps =+ Qs+ 0gs + 07+ =@ + 4y 4 (7
P =@+ 07+ g =0, + g5 )]
Py =0+ Qg+ 057 =0, + 4y ©

where @ =056 /R; .y Qg7 =057 /Ry -

Fig. 3 Cohesion scheme of the gearwheels 5-8 (see Fig. 1
according to A)

The expressions of kinetic energy 7, potential
energy I7 and dissipative function @ from the Eqgs. (1)
are firstly formed with the auxiliary coordinates
s, Os, s, ¢, and their derivatives (see Fig. 2)

T%iuéom (10)
H=l{c [(sﬂ —0,) +(0,—05) + (0 —05) +

2 c 1 7 2 6 3 5
Ho-a) |rel(0.-0) +(0-0.) |+
+c, ((/’9_(/’7)2+Ck ((/’10_(/’0)2} (11)
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2 2 2
¢=5{r{(¢1—¢7j +(¢2—¢6j +(¢3—¢5j +
. N2 . S \2 . N2

+(¢4—¢sj }rr{((pz—%j +(¢>1—¢4j }
+rr[¢9_¢7] +rk(¢10_¢0j +

L2 .2 L2 L2 L2 .2 L2 L2
+b{¢1+%+%+%J+b{<ﬂ5+¢6+2¢7+¢8]+

2 2

+b, po+b, 6010} (12)

After insertion of the auxiliary coordinates values
and their derivatives, from (3), (7)-(9), into these equa-
tions, we find final values of the functions 7', I7, & that
include only principal coordinates (2), their derivatives,
cyclic errors of the gearwheels and the angle of cardan

shaft of rotation ¢, with its derivative ¢, .

From the scheme provided in Fig. 2, the following
generalized forces included into the Eqgs. (1) are found on
the base of [3, 4]

@)

=-M,(1); O, =—M,(1); O, =—M,(1)
Q4_

=-M,®); 0, =0,=0 (13)

After differentiation of T, II, & included into
the Egs. (1) according to the coordinates (2) and their de-
rivatives according to time ¢ and using the known values

of the forces O, (13), we form six differential equations;

each of them corresponds to one of the coordinates (2). If
we remain only the members with the coordinates (2) and
their derivatives according to time ¢ in the left parts of the
equations, the following system of equations is formed

Lo} o} (e} )

where {q} = {wl, Oy, Py, Oy, P7, Py }T is the vector of princi-
pal generalized coordinates; [A], [B], [C] are the matrices

(14)

of inertia, damping and stiffness; {F (t)} is the vector of
external exciting forces, consisting of the forces Q, and the
components depending on cyclic errors of gearwheels and
the angle ¢, of rotation of the cardan shaft and its deriva-
tives according to time ¢ .

The following expressions values of the matrices
[A], [B], [C] and the vector {F (t)} are found

[Al=digll,, 1, I, 1,, (I, + I, + I, + I,), (1, +°1,, )} (15)
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r.+r.+b, +

14 0 —\r. +n - 0
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r.+r +b, +
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4. Investigation of the drive

Dynamical features of the drive of a printing sec-
tion with the cylinders provided with contact rings (briefly
— “cylinders with the rings”) or without them are examined
herein on the base of the Egs. (14). Using the set of soft-
wares DDINCHAR [5] targeted for the investigation of
dynamic features of machines, the amplitude-frequency
responses of rotational vibrations of the plate and blanket
cylinders were calculated and analyzed; a particular atten-
tion was paid to relative vibrations between cylinders and
free vibrations of the drive.

The following values of the drive parameters used
in the equations (14) were accepted. The transmission ratio
i=2. The moments of inertia (kgm?®): I, =1,=0.7;
L,=1,=14; I,=1,=1,=0.05; [,=0.07; [,=0.14;
1,,=0.025. The -coefficients of stiffness (Nm/rad):
c.=1-10"; ¢,=8:10°; ¢, =2-10°; ¢, =4-10°. The
coefficients of  damping  (Nms/rad): b.=10;
by=b.=b,=3;r,=8;n,="7.

The values of the coefficients of stiffness and
damping were found on the base of the references [6-9]. It
was accepted [6,8] that linear tangential coefficient of
stiffness of two rings pressed against each other
k., =Q/e,; where Q is average area of the contact sur-

I

— I Asy—1, As1— I, Asi—(r, +b, )(A5,7+ o7+ A8,7] —c. (s, + 4, + 4,)

face of the rings pressed against each other; e, is the coef-
ficient of contact tangential mobility, when the contact

surface area is one unit of area (such as 1 mm’, 1 m* and
so on). The coefficient of rotational stiffness of the rings
pressed against each other c, =c, =k, /R’ (radius of
rings).

In

our case,

e, =110"° ,u/(Nmz):
=1-10"m?*/N [6, 8], 0=2-10"m* (the force of com-
pression of 30 mm wide rings equals to 14000 N),
R=0.1m, k,=2-10" N/m and ¢, =2-10° Nm/rad (for a
couple of rings).

The impact of the rings upon natural vibrations of
the cylinders was found as follows: by examining the roots
of characteristic equation of the drive 4, =¢, +i27 f,
(j=1,...,6; ¢;, f,is real parts of the roots and frequen-
cies of natural vibrations; 4, = ¢, —i27 f; is neglected) as
well as the shapes of vibrations that correspond to the fre-
quencies f. The following features of natural vibrations

were found (see Table 1 and Fig. 4 in addition).
1. In a drive with rings and without rings, four roots A, ,

..., A, and the shapes of natural vibrations that corre-

spond to the natural frequencies f,, ..., f, are practi-
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cally the same (only 4, is different). In a drive with
rings, the roots A, A, and the shapes of natural vibra-

tions that correspond to them are formed by contacts
of the rings and these data have no practical impor-
tance for the problem under discussion, because natu-
ral frequencies f; and f;are high. In a drive without

rings, the roots A, A, and the shapes of natural vibra-

tions that correspond to them are important.
2. The following parameters of the drive’s dynamical

model mostly impact natural frequencies f, and the

shapes of natural vibrations that correspond to them:
- the frequency f, =4.457 Hzthat is formed by the

moments of inertia /,, ..., I, of the cylinders and
coefficients of stiffness ¢, and c,;

- the frequency f, =15.17and 12.73 Hz that is
formed by the moments of inertia /,, ..., I, of

the cylinders and coefficients of stiffness ¢, and

Fig. 4 Shapes of natural vibrations (when damping is neglected): a,
without them

c.;

the frequency f; =22.82 Hz that is formed by the
coefficients of stiffness ¢, and ¢, and the mo-
ments of inertia /,, I,

the frequency f, =61.85Hz that is formed by

the coefficients of stiffness ¢,, ¢, and ¢, and

the moments of inertia /s, ..., Ig;

in a drive without rings: the frequency
f5 =6.38 Hz that is formed by the moments of
inertia /,, I, and coefficients of stiffness ¢, of
two elastic members connected to them and the
frequency f, =15.52Hz that is formed by the
moments of inertia /,, /, and two remained coef-

ficients of stiffness c, .

N

4
N
Sefer
U

ALY

..., I — for a drive with contact rings; a, ..., d, g, h —
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Table 1 3.

Real parts ¢; of theroots 4, =¢; +i27 f, of characteristic
equation of the drive and natural frequencies f; (in brack-

ets — the frequencies f; , when damping is neglected)

The rings eliminate undesired relative vibrations of
natural frequencies 6.38 Hz and 15.52 Hz (13.45 Hz
and 19.02 Hz, if damping is neglected) between the
plate and offset cylinders (Fig. 4). However, it may be
seen from Fig. 4, b that undesirable relative vibrations
of 15.17 Hz natural frequency (16.49 Hz, if damping
is neglected) as well as forced resonance vibrations
may appear between the blanket cylinders and the con-
tact rings do not reduce such vibrations.

It may be stated that recently two electric drives
are installed in many-engine double-side printing sec-
tions controlled by electronic shaft for the elimination
of analogous vibrations [1, 2]. One of them rotates cyl-
inders 2 and 3, the other — cylinders / and 4. There is
no any mechanical link between the cylinders / and 2;
intensity of vibrations between them is reduced in
electrical way.

Natural vibrations (as well forced resonance vibra-
tions) of the maximum intensity may appear in the vi-
cinity of the frequencies f; and f, , because real parts

|g,| and |«92| of the roots A, and A, that correspond to

them are minimum.
The investigation on the forced vibrations was

carried out in way of analysis of the amplitude-frequency
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Fig. 5 Amplitude-frequency responses of vibrations of the cylinders caused by cyclic errors of the 6-th tooth-gear: a, b, ¢, d
— according to the coordinates ¢,, @,, @, and ¢, ; e, f, g — according to the differences ¢, —¢@,, ¢, — @, and

@, — @, (" —angular second ).

responses, calculated according to the coordinates ¢,, ...,  Fig. 2 and 3):

¢, for absolute vibrations of the cylinders and according
to the differences ¢, —¢,, @ —¢,, @, —@, for relative

vibrations between the cylinders. It was accepted that the
drive is affected by the following harmonic excitation (see

- because of errors of the gearwheels 5 and §
asg =0y, = E sinvt 19)

- because of errors of the gearwheels 6 and 7
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Fig. 6 Amplitude-frequency responses of vibrations of the cylinders caused by the moment of resistance M, (a, b, c, d)
and variable rotation of the cardan shaft ¢, (e, £, g, h): a, e — according to the coordinate ¢, ; b,c,dand f, g, h - ac-

cording to the differences ¢, —,, @, — @, ir @, —p; (" —angular second )

s +a,, =E, [sinvt + sin(vt + ﬁ)] (20) of gearwheels 9 and /0 and the excitation ¢, () of

the cardan shaft increase and the vibrations

a6 +a,s=E, [sin vi+sin(ve+ y)] (21 (¢, —¢,) and (@, —¢,) caused by the same re-
duce considerably.

- because of the moments of resistance that impact c. The moments of resistance M, and M, cause re-

the cylinders and variable rotation of the cardan duction of vibrations in any case; the moments of

shaft resistance M, and M, cause a considerable re-

ti f vibrati - -
M, =M;sinvt;(k=1,...,4); ¢, =D, sinvt (22) duc’ oo V1bra. 10n§((pl ¢;) and (¢, = ¢, ) and
an increase of vibrations (¢, — @, ).

Tt was accepted that E, =1, f=150°", y=130°, 2. Absolute vibrations ¢, , ..., ¢, of the cylinders

, ) a. Vibrations of the cylinders / and 2, caused by the
M,=1Nm, &,=1, v=0+500Hz. Amplitude-

errors of gearwheels 3, 6, 7, 8 increase or remain

frequency responses are calculated individually for each almost the same and vibrations of the cylinders 3
excitation. and 4 reduce
Examples of the obtained amplitude-frequency re- b. Vibrations caused by excitations &, ,,(f), @,(?)

sponses are shown in Fig. 5 and 6. Here: /, 2 — the ampli-
tude-frequency responses for a drive without and with
rings; 4,, B,, D;, 4;;, B,;, D,; are amplitudes of abso-
lute and relative vibrations of the cylinders, respectively.

It may be stated that the use of contact rings im-

pacts forc.ed VibI'.atiOI.lS of the cylinders. 1. For the drive type of the printing press section
I. Relative vibrations (¢ —¢,), (¢ =®,).(#=¢;)  under discussion, contact rings of the cylinders impact con-

and the moments of resistance M,, ..., M, re-
main almost invariable.

ij

5. Conclusions

between the cylinders siderably relative and absolute rotational vibrations of the
a. Vibrations (¢, —¢,) caused by the errors of  plate and blanket cylinders, however, this impact is unlike.
gearwheels 3, 6, 7, 8 increase and the vibrations 2. Contact rings reduce considerably relative vi-

brations between the plate and blanket cylinders in all
cases of excitation and this feature is an important advan-
tage of them; however, they almost always increase the
relative vibrations between blanket cylinders, thus provid-

(¢, —¢,) and (@, —@,) caused by the same re-

duce considerably.
b. Vibrations (¢, —,) caused by the errors ay,,(¢)



ing a negative impact upon the accuracy of the machine.

3. If contact rings are used, excitations, caused by
the errors of gearwheels that connect the cylinders, in some
cases reduce absolute rotational vibrations of the cylinders
and in some
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FORMINUOSE IR OFSETINIUOSE CILINDRUOSE
NAUDOJAMU KONTAKTINIU ZIEDU [TAKA
SPAUSDINIMO SEKCIJOS PAVAROS DINAMINIAM
TIKSLUMUI

Reziumé

Siuolaikinése spaudos masinuy dvipusio spausdi-
nimo sekcijy pavarose ofsetiniy ir formy cilindry galuose
pritvirtinti kontaktiniai plieniniai ziedai, kuriais Sie besisu-
kantys cilindrai suspaudziami masinos darbo metu. Nagri-
néjama forminiy ir ofsetiniy cilindry sukimosi virpesiy
amplitudinés dazninés charakteristikos, savieji dazniai bei
savyju virpesiy formos. Gauta, kad bendru atveju ziedai
mazina virpesiy intensyvuma, taciau ju itaka néra viena-
reikSmiskai teigiama: Ziedai smarkiai sumazina santykinius
virpesius tarp forminiy ir ofsetiniy cilindry, taciau padidina
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virpesius tarp ofsetiniy cilindry, tarp kuriy praeina atspau-
das.

VK Augustaitis, N. Sesok, I. Iljin

THE IMPACT OF CONTACT RINGS USED IN PLATE
AND BLANKET CYLINDERS OF THE PRINTING
SECTION’S DRIVE UPON ITS DYNAMIC
ACCURACY

Summary

In drives of printing section of modern web dou-
ble-side printing presses, contact steel rings are attached at
end of plate and blanket cylinders that press the cylinders
against each other on their rotation. The amplitude-
frequency response of rotational vibrations of the plate and
blanket cylinders, their natural frequencies and shapes of
natural vibrations are discussed upon herein. It is found
that in a general case the rings reduce an intensity of the
vibrations, however, ther impact is not unambiguously
positive: the rings reduce relative vibrations between the
plate and blanket cylinders, however, they increase the
vibrations between the blanket cylinders where a print
passes.

B. K. Ayrycraiituc, H. Hlemox, U. Unsun

BJIMAHUE KOHTAKTHBIX KOJIELL,
NCIIOJIB3YEMBIX B ®OPMHBIX 1 O®CETHBIX
LIWJIMHIPAX ITPUBOJIA TIEYATHOM CEKLIMU HA
EI'O JIMHAMUMWYECKYIO TOYHOCTD

Pe3omMme

B npuBogax cekuuit IBYXCTOpPOHHEH Me4aTH co-
BPEMEHHBIX MEUYaTHBIX MAIIMH K KOHIIAM O(CETHBIX H
(OPMHBIX IWJIMHIPOB NPHKPEIJICHBl KOHTAKTHBIE CTallb-
HBIE KOJIbIIa, KOTOPBIMH 3TH BpAIlAIOIIUECs LWIINHIPEI
C)KUMAIOTCSI MEXIy co00il BO Bpems paOOThl MaIlIWHBI.
HccnenyroTcs aMIUINTYIHO-4aCTOTHBIE XapaKTEPUCTHKH,
COOCTBEHHBIE YacTOTHI U ()OPMBI COOCTBEHHBIX KPYyTHIIb-
HBIX KoeOaHuii POpMHBIX W O(CETHBIX MHIMHAPOB. Ilo-
JIy4eHO, YTO B OOILIEM Cllydae KOJbLla YMEHBIIAIOT HHTCH-
CHUBHOCTh KOJICOaHHI, OJTHAKO MX BIIMSHHE HE SBISIETCS
OJTHO3HAYHO MOJIOXKUTEIBHBIM: KOJIbIIA CHJIBHO YMEHBIIIa-
IOT OTHOCHTENIbHBIE KoJjieOaHusi Mexay GpopMHBIMU H OQ-
CETHBIMH IMJIMHAPAMH, OJJHAKO YBEJIWYHBAIOT KOJEOaHUs
MEXAy O(pCETHBIMU IMIMHAPAMHU, MEXIY KOTOPBIMHU IIPO-
XOZST OTTHUCKH.
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