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The dynamic balancing of the drive mechanism is considered for a roller forming unit with
balanced drive. Two dynamic balancing problems are solved in the simulation process of the drive
mechanism balancing: the inertia forces balancing which applied in the masses centers of the
motion links, and the torque balancing which reduced to rotation axis of the drive shaft, that arise
from the inertia forces action. The drive mechanism imbalance is estimated by the maximum and
root-mean-square values of the total inertia force and total torque from the inertia forces action, the
dimensionless coefficients, which express the root-mean-square values ratio of the total inertia
force and inertia forces, that act on each trolley, and the root-mean-square values ratio of the
moment from the inertia forces action of the whole mechanism and moment components from the
inertia forces action of the individual elements.
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Introduction. In the existing units for surface compacting of products from
building mixtures the slider-crank or hydraulic drive at reciprocating motion of
the forming trolley with the compaction rollers is used [1-4].During
continuous start-stop modes, considerable dynamic loads appear both in the
drive mechanism and forming trolley elements, which may lead to the
premature failure of the unit.

Analysis of publications. In the existing theoretical and experimental
studies of roller forming units designed for forming products from building
mixtures, their design parameters and productivity are substantiated [1-4]. At
the same time, insufficient attention is paid to the study of the existing
dynamic loads [5—14] and motion modes [15—18], which greatly impact both
the operation of the unit and the quality of the finished products. During
continuous start-stop modes of the forming trolleys motion, in the unit
elements, except gravity forces and resistance forces, inertia forces appear also
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[5-14], which create additional loads on the drive mechanism. Therefore, the
drive mechanism balancing task of roller forming machines is actual.

Purpose of the paper. The purpose of this paper is the drive mechanism
dynamic balancing of the roller forming unit with balanced drive.

Research results. In order to reduce energy consumption in roller forming
machines, a design of the roller forming unit [19,20]
wasproposedtoprovidethecompactionofproductsfrombuildingmixturesonasingl
etechnologicalline. It consists of four forming trolleys, located parallel to each
other on one side of the drive shaft, which are set in reciprocating motion from
the one drive. It is composed of four slider-crank mechanisms, whose cranks
are rigidly fixed on one drive shaft and shifted to each other at the angle
Ap =90° (Fig. 1 (a)).
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Fig. 1. Roller forming unit with balanced drive (a) and its kinematic scheme (b)

Each of the forming trolleys 1, 2, 3 and 4 is mounted on the gantry 14 and
performs reciprocating motion in the guide rails 15 over the cavity of the form
16. The forming trolley 1 consists of the feeding hopper 17 and coaxial
sections of the compaction rollers 18. The other three trolleys have the same
design. The trolleys 1, 2, 3 and 4 with distributive hoppers are set into
reciprocating motion by a drive made in the form of four slider-crank
mechanisms, whose cranks 9, 10, 11 and 12 are rigidly fixed on one drive shaft
13 and shifted to each other at the angle Ap =90° . The connecting rods 5, 6, 7

and 8 are hinged to the forming trolleys 1, 2, 3 and 4, while their other ends are
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connected to the cranks 9, 10, 11 and 12. Such a design of the roller forming
unit makes it possible to reduce the dynamic loads in the drive elements, extra
devastating loads on the frame structure and, accordingly, to increase the unit
durability as a whole.

Fig. 1 (b) shows a kinematic scheme of the roller forming unit with
balanced drive for compacting reinforced concrete products on a single
technological line. This kinematic scheme contains the such symbols: » —
cranks radius 9, 10, 11 and 12; / — length of connecting rods 5, 6, 7 and 8; ¢
— angular coordinate of the crank position for the first trolley; A — cranks
displacement angle 9-10, 10-11, 11-12 and 12-9 between them; x;, x,, X3
and x, — coordinates of the trolleys masses centers 1, 2, 3 and 4; B,, B,, B;

and P, — angular coordinates that determine the connecting rods position of

the first, second, third and fourth trolleys relative to the horizontal.
We determine the coordinates of the trolleys masses centers 1, 2, 3 and 4
(Fig. 1) [18]:
X, =r-cosQ+/-cosP;; x, =r-cos(p+Ap)+/-cosP,;
1
X3 =r-cos(@+2A¢)+1-cosPy; x, =r-cos(Q+3A¢@)+1-cosp,. O
As the angles B;, B,, B; and B, are unknown, they can be determined

dependent on the length of connecting rod /, the crank radius r, the angular
coordinate of crank ¢ and the cranks displacement angle A¢ [18]:

r-sing=/,-sinf; — sinf, =§-sin(p;
resin(@+A@)=1/-sinf, — sinB2=§-sin((p+A(p);
resin(@+2A¢@)=/-sinp; — sin[33=§-sin((p+2A(p);
r-sin(@+3A¢)=1-sinf, — sin[34=§-sin((p+3A(p).

From here:

cosP, =4/1—sin [3] ‘/1—— sin® ¢ ;

cosP, =+/1-sin’ B, _\/l_l_ sin® (@+Ag) ;

2

cosPy =+/1—sin’ B, = \/l—’;—z~sin2 (9+2A9) ;

2

cosP, =4/1-sin’ B, = \/l—;—z.sinz (0+3A¢).
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Then coordinates of the trolleys masses centers:

[ 2
X =r-cos@+I- 1—;—2~sin2(p;

2
xz=r-coS((P+A(P)+l.\/l_’lﬂ_z.Sinz((p'FA(p); 2)

2
X, = r-cos((p+3A(p)+l~\/l—;—2~sin2 (¢+3A¢) .

From the expressions (2) we obtain the change functions of the masses
centers velocity for the forming trolleys:

. . ax] . . axz . . axj, . . ax4
= ~—; X, = ~—; X, = ~—; X, = —, 3
xlwa(p 2<pa(p 3(96([) 4<pa(p 3)
ox; Ox, Ox3 Ox4

where @ =® — cranks angular velocity, —, —=, , —— the first
op Op Op  O¢p

transfer functions of the trolleys masses centers 1, 2, 3 and 4, which are

defined by the following expressions [18]:

ﬁz—;ﬁsinqy 1+Z. cose :

9 L i=¢?/P)sin%e
aﬁ:—r~sin((p+A(p)- 17, cos(Q+Ag)
99 ! \/1—(r2/12)-sin2((p+A(p)

4)

aﬁ:—r~sin((p+2A(p)- 17, Cos((P+2A(p)
99 ! \/l—(r2/12)~sin2((p+2A(p)
aﬂ:—r~sin((p+3A(p). 147 cos(@+3A0)
99 ! \/l—(r2/12)~sin2((p+3A(p)

The change functions of the linear accelerations for trolleys masses centers
1, 2, 3 and 4 are determined by the dependences:

L ox, ., O°x L. ox, ., x
xlz(p._]+ 2. 2] ’ xzz(p._2+(p2. 22 ’
op oo oo oo )
.. Ox x oxy ., O°x
x3=(p._3+ 2 23’ ; 4 = _4+(P2' 24’
o0 0 o0 0
2 2
. 0 0 0
where ¢ = € — cranks angular acceleration; | oz s Y4 _ the

second transfer functions of the trolleys masses centers 1, 2, 3 and 4, which are
defined by the following expressions [18]:
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The kinetic energy of the whole system is defined as the kinetic energies
total of the drive mechanism components and the forming trolleys
components:

2

-2 .2 .2 2 .2 32 ¢ b2
_Ja® P My Xy | MaXy | MaXy JsBi s (xss + yss) +
2 2 2 2 2 2 2 7
32 2 .2 32 2 2 32 2, .2 ™
Js,B3 N me (X5, + 75,) N Js, B3 N my (X5, + y57)+ Js,Bs N mg (X5, + ¥s,)
2 2 2 2 2 2
where J;. — inertia moment of the drive mechanism, reduced to the driveshaft

T

E

rotation axis (taking into account the motorrotor, transmission and couplings);
my, m,, my and m, — forming trolleys masses 1, 2, 3 and 4 (forming trolleys

masses are equal my =m, =my=my=m); ms, mg, my;, mg, Jg , Jg,
JS7 andJS8 — connecting rods masses 5, 6, 7,8, and theirnative inertia

moments relative to the masses centers; B3,, B,, B;and B, — angular velocities
of connecting rods 5, 6, 7 and §; Xs,» Vsg» Xs,» Vs,» X5, Vs, o g, and Vs, —

linear velocities of the connecting rods masses centers 5, 6, 7 and 8.

As the connecting rods masses 5, 6, 7 and 8 are much smaller than the
forming trolleys masses 1, 2, 3 and 4, we can neglect these masses and,
accordingly, neglect the kinetic energy of these connecting rods.

Then the kinetic energy value of roller forming unit will have the look

-2 .2 .2 .2 )
Tszr-(p JH  meXy  mexy  meXy

2 2 2 2 2
. 2 2 2 27 (8)
szr'(P2+ﬂ, ¢2.% +¢2.aﬁ +¢2.aﬁ +¢2.aﬂ
2 2 o0} foL0) foL0) 9
or
.2 2 2 2 2]
Tz(p_. Jdr+m' % + aﬁ + % + % . (9)
2 o op o op

We make up the motion equation of the roller forming unit.To do this, we
use the second-order Lagrange equation
dor or
2" -0, (10)
dt 0¢p O
wheres — time; @ — angular coordinate of the crank position, which taken as
the generalized coordinate; O, — generalized force, that corresponds to this

generalized coordinate.
The generalized force is determined by the dependence:

ox Ox Ox Ox
Q(P =Mdr _F;’es] 'a_q;_FreSZ 'a_(;_Fre.ﬁ 'a_(;_F;eM a_(; . (11)
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Here F,

resl >
forming trolleys 1, 2, 3 and 4; M, — motor driving moment, reduced to the
crank rotation axis,which is determined by the Kloss formula:

F.0, F.sandF,,, — resistance forces to the shift of the

My =2 Moy (12)
" S Scrit
7+7
Scrit S
s=1-2 2. (13)
9 2
Scrit =1_%a (14)
0

where M, — critical moment on the motorshaft; s and s, — lip and its

crit
critical value; o and ®, — angular velocity of the motor rotor and its
synchronous value;u — transmission gear ratio from the motor to the drive
shaft; n — drive mechanism efficiency.

After dependences substitution (9) and (11)...(14) into equation (10), we
obtain:

op 00> 9 o¢* 00 6(92 3¢ 0¢

2 2
6—7.—' = (P . Jdr +m- % + aﬁ + ax3
op op op 6@

6x4
d oT o Y (ox, ) ax ax
Do gyem| (2] o[ 2] o 2] o2
dt o o op

+2.(.p2.m.[6i.82x]+6x2 82x2 0x3 6x3 8x4 8x4J

or_ -z.m.[%.azxn L O oy O +%.52x4)

op 6(p2 o 6(p2 op 6(p 6(P 6(p

2 2 2
ox ox ox ox
607 am |9 9% (9% 9%
I Hamj +(3<Pj +(3<P] +[8¢” '
1267 m [ ox 8x,+8ﬁ_82x2+8x3 8x3+8i.82x4 3
T 50 07 90 99> a0 397 90 ag?

2. Mc it ax] axz ax3 ax4
= A N _p 0% o q
1_@ 1 Do wcm u-M- res] a Fresz 8(p res3 8(p res4 a(P ( 5)
o, ®,
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The equation is a second-order nonlinear equation that must be solved

numerically. As a result of solving equation (15) we obtain dependences [16]:
e=0(1); ¢=0(r); $=6(r). (16)

Dynamic analysis of high-speed mechanisms, which includes the roller
forming unit, is requires the two problems solution of the dynamic balancing:

1) the inertia forces balancing, which applied in the masses centers of the

motion links;

2) the torque balancing, which reduced to rotation axis of the drive shaft,

that arise from the inertia forces action.

To the first problem solve, it’s necessary that the masses center of the
motion parts for roller forming unit (forming trolleys) is not shifted. That is,
the condition must be met for the roller forming unit, the trolleys of which
move along the axis x:

my Xy + My Xy + 1y Xy + 1y - Xy

x, =const . (17)
my + my + My + my

The dependence (17) is differentiated twice in time, we obtain:
.o xl +my )C2 +mj3 )C3 +my )C4 _

X, 0. (18)
m1+m2+m3 +m4
The expression (18) can be written as follows:
Fl-c=m1-)'él+m2-)'éz+m3-)'é3+m4-)'é4=
. oy .o 0°x L Oxy .o 0%x
=m (40'—1+(P2'—21 +my (P'—2+(P2'—22 + (19)
0 150) o0 130)
. Ox3 .o 62)C3 . OxXg4 .2 62x4
T3 Q= QT |y @ —— QT = =0,
o0 Fal) o0 Fal)

where £}, — total inertia force, reduced to the masses center of the motion parts
for roller forming unit from the inertia forces action of the individual trolleys.
Given that m; =m, =m; =m, =m, we will have:
Fczml}.p(ax] : 0x, : ox; : ax4j+¢2[32x] } 9%x, } 9%x, } a2x4]:|:0. (20)
: 00 09 0¢ 09 00> 99> 99> 99>
There is the inertia forces imbalance, if the condition (19) or (20) is not

satisfied. The criterion for this imbalance may be the total inertia forces value
of the roller forming unit:

. [Ox, Ox, Ox3 Ox,
o —+—=+—=+— |+
o9 0p Jp Jg
ic =m:- .
‘ L (0%, &'x, 0'x; O'x,
+¢~ - Sttt
dp~ 09~ 9~ 0
The inertia forces non-uniformity for one cycle of the roller forming unit
motion (one crank rotation) can be estimated by the inertia force maximum

21)
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value F;'c max °

which is determined by the dependence:

..(axl L 0xy  Ox3 8x4j+ ’

reduced to the masses center, or its root-mean-square value,

(p T T T
_t 24 \de do Jo g
Fomfmza= o) 0T T L e @)
hy 110+.28x]|8x2|8x3|8x4
9p* 99* d0* 09
wheref, = — time cycle of the roller forming unit; ®,,, — angular

(Dnom

velocity nominal value of the drive shaft for roller forming unit.

In some cases, the inertia forces imbalance on the forming unit links is
advisable to estimate by the dimensionless coefficient. It can be represented by
the root-mean-square values ratio, reduced to the masses center of the total
inertia force and the inertia forces on each trolley.

The dimensionless coefficient can be represented as follows:

...(axl 0x, | Ox 8x4j+ ’

—+ +—+
dp do J¢ Jo

o2 0’x, N 0% x, N 0°x; N 0%x,
007 00> 99’ 09’

2 2
L 0x; ., 0y L ox, ., 0%,
—+ — 4 . —+ — 4 .

We will write down the necessary condition to ensure the torque balance of
the drive shaft from the inertia forces action:

T = const ora—T =0. (24)
o0

The torque imbalance of the drive shaft from the inertia forces action there
is, if the condition (24) is not fulfilled. The imbalance criterion can be the
torque value, which is determined by the dependence:

[.ax, L0 Ok xaﬁj_

(25)

ooy O*x, oxy 0'x, oxy O'xy Ox, Ox,
=m-9°| — St ot
o0 99* 09 d¢* 09 d¢* 09 0o
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The torque imbalance of the drive shaft from the inertia forces action can
be estimated by its maximum value M, .. in one cycle of forming unit or the

root-mean-square value, which is determined by the dependence:

— 1} ox; 0°x,  Ox, 9°x, Ox; 0°x;y Ox, 9°x ?
M, = _[m2~'4 -y 22, 3,4 4| g =

Ny 99 9> 09 d9*> 39 dg> 09 Jo’

° (26)

, 2
. l](pzt. ox, 82x2] N 0x, 82x22 +ai82x23 N 0x4 azx; dr
o 0Q d¢”> 09 dp” 0Q dp> I I

4
The torque imbalance from the inertia forces action can also be estimated
by the dimensionless coefficient. We present its by the root-mean-square
values ratio of the inertia moment for the whole mechanism and the inertia
moment components of the individual elements for the roller forming unit.
This coefficient has the form:

[0 2y oy an o v 9 |
1t1 a(p a(p2 a(p a(p2 a(P a(p2 a(P a(p2 ~
kMi =T 3 5 dt =
b 4f ox; 9%x, [ ox, 0%x,
e e R sl
99 90 99 o
+¢* O %y 2+ o[ 9 @xy 2 (27)
* 190 202 ) 7* 29 a9’

2
o 9%x, +aﬁazxz +%32x3 +%82x4
15 (9000 "3 ag’ a0 ag’ " g 39’
¢ 2.2 2. \2 2. )? 2. \2
Pofdx 07x | [dx 07 | (0% 9% | [dxy 07y
99 99> ) | 09 g’ 99 g’ 90 ¢’
The roller forming unit with balanced drive has the following parameters
[16, 18]: my =m, =my =my =m=1000kg; r=0,2m; [=0,8m;
J, =72,92kgm’; ®, =104,72 rad/s; ®,,, =102,1rad/s; ®,,, =94,95 rad/s;
M., =517,14N'm; s,,=0,0933; u=9,8; n=09; F, =3562N;

res

F o =3562N; F,, 3 =3562N; F,,=3562N. We determined the total

res res

inertia force Fj,

and torque M, values from the inertia forces action in one

cycle (0 <@ <2m ), which showed in the graphic dependences form (Fig. 2).
The graphic dependences of the total in ertia force F;. and torque M;

from the inertia forces action in one cycle (0 < ¢ <2n) at different values of

the cranks displacement angle (0°, 30°, 45°, 60°) areshownin Fig. 3 and 4.
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g. 2. Graphic dependences of the total inertia force (a) and the total moment fromthe inertia forces
(b) on the crank rotation angle of unit with balanced drive
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Fig. 3. Graphic dependences of the total inertia force for unit with balanced driveon the crank
rotation angle at different values of the cranks displacement
angle Ag :a—0°%b-30°c—45%d-60°

The maximum F, . and M,
values of the inertia forces and moments from inertia forces at different angle
A are also found. The calculations results, and dimensionless coefficients

and M,.. , and root-mean-square F

ic

values kpl, and kg, which are determined by equations (23) and (27), are

listed in Table 1. According to the table data, we constructed the graphic

dependences of the maximum F; and M,

e ma ;max » and root-mean-square F;,

and M, values of the inertia forces and moments from inertia forces at
different values of the cranks displacement angle Ap (Fig. 5 and 6).
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Fig. 4. Graphic dependences of the total moment from the inertia forces for unit withbalanced drive
on the crank rotation angle at different values of the cranksdisplacement angle A¢ :a—0° b—30°
c—45°%d-60°

and M.

The maximum F, e »

icmax and M i
values of the inertia forces and moments from inertia forces at different angle
A are also found. The calculations results, and dimensionless coefficients

and root-mean-square F,

ic

values kr, and k,, , which are determined by equations (23) and (27), are

listed in Table 1. According to the table data, we constructed the graphic

and M, and root-mean-square F;,

dependences of the maximum F; i max >

ic max
and M; values of the inertia forces and moments from inertia forces at

different values of the cranks displacement angle Ap (Fig. 5 and 6).
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from the inertia forces M, . (b) on the cranksdisplacement angle Ap
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Fig. 7  presents  graphic  dependences  ofthe  dimensionless
coefficients k, and k), on the cranks displacement angle Ap .
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Fig. 6. Graphicdependencesofthe total inertia force F;, (a) and total moment root-mean-square

values from the inertia forces ﬁ, (b) on the cranksdisplacement angle Ap
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Fig. 7. Graphicdependencesofthe dimensionless coefficients ka (a) and

kM,- (b) on the cranksdisplacement angle Ap

Table 1
AQ,° | Fiomaxs N | Mippae, N'm F;'c >N ﬁi’ N'm kFi kMi

0 124688,7 6088,3 65201,03 39338 2 2

10 120946,5 6384.,8 63602,25 3786,15 1,889 1,6844
20 108189,7 6823,7 58718,26 3289,36 1,7767 1,3913
30 88956,1 5703,5 51037,04 2381,85 1,639 0,9598
40 | 66994,04 3251,8 41688,26 1469,99 1,4398 0,5565
50 | 47329,63 34419 32217,75 1509,82 11711 0,4773
60 33138,5 44532 23669,64 1939,24 0,8985 0,5683
70 25178,1 3864.8 15862,5 1849,7 0,6084 0,5859
80 13490,7 2236,9 8021,3 1124,9 0,287 0,4623
90 417,7 315,7 2493 196,2 0,00792 | 0,0661




ISSN 2410-2547 153
Omip matepianiB i Teopis cropyx/Strength of Materials and Theory of Structures. 2021. Ne 107

The angular velocity ¢ of the drive shaft and its angular acceleration ¢
for each value of the cranks displacement angle A, determined by the

method [16], were used to determine the above characteristics of the forming
unit.

The analysis of the table data and the graphic dependences (Fig. 5-7)
shows that:

— the total inertia force maximum value F,

“emax » the total inertia force root-

mean-square value Fj, and the dimensionless coefficient & F;, are constantly

reduced when increase the cranks displacement angle and accepted the
minimum value when the cranks displacement Ag = 90° ;

— the moment maximum value from the inertia forces M : on first

1max
increases at the cranks displacement angle values from Ap =0° to A =20°,

then decreases at the cranks displacement angle values from A =20° to
A =40°, then there is a slight increase the cranks displacement angle from
A =40° to Ap = 60°, and then decreases again and acquire minimum value
at Ap=90°;

— the moment root-mean-square value from the inertia forces Vl and the

dimensionless coefficient kg, decrease at the cranks displacement angle
values from Ap=0° to Ap=40° (E) and Ag=50° (kM[ ), then they

increase to the cranks displacement angle values Ag = 60° (E) and
A@="70° (k) ), and then decrease and acquire minimum value at Ap =90°.

Conclusions.As a result of researches, the dynamic balancing of the drive
mechanism for the roller forming unit with balanced drive is considered. Two
dynamic balancing problems are solved in the simulation process of the drive
mechanism balancing for the roller forming machines: the inertia forces
balancing which applied in the masses centers of the motion links, and the
torque balancing which reduced to rotation axis of the drive shaft, that arise
from the inertia forces action. It is established that the best balancing of the
inertia forces applied in the masses centers of motion links, and the torque
balancing which reduced to rotation axis of the drive shaft, that arise from the
inertia forces action, are observed at the cranks displacement angle value
Ap =90° for the roller forming unit with balanced drive. The work results

may in the future are used to refine and improve the existing engineering
methods for estimating the drive mechanisms of roller forming machines, both
at design stages and in practical use.
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Jlogeuixin B. C., Ilouka K. 1., Ilpucmaiino M. O., banaxa M. M., Ilouka O. b.
JAHAMIYHE 3PIBHOBAKEHHS TPUBOY POJIMKOBOI ®OPMYBAJILHOI
YCTAHOBKHU

3 METO0 MiABUINEHHS HAAIHOCTI Ta JOBrOBIYHOCTI PO3MIIHYTO AMHAMIYHE 3PIBHOBaXKCHHS
IPUBITHOTO MEXaHI3My POJIMKOBOI ()OPMYBaIbHOI YCTAaHOBKU 3 BPIBHOB)XCHHM NpUBOLOM. [1pn
MOJEJIOBaHHI IOLECY 3pPIBHOBAXECHHS MPHUBIAHONO MEXaHi3My poO3B’s3aHO [Bi 3amadi
JMHAMIYHOTO BPIBHOB@)KCHHS: BPIBHOBAXKCGHHS CHJI iHEpLii, IO NPUKIAACHI B LEHTpax Mac
PYXOMHX JIaHOK, Ta BPIBHOB@)KCHHS IPHBEICHOT0 10 Oci 00epTaHHs IPUBIAHOTO Baja KPYTHOTO
MOMEHTY, L0 BHHHKae Bix nii cumn iHepuil. Ilpm 1boMy BH3HAa4YeHO BCi KiHEMaTHYHI
XapaKTePUCTUKU (POPMYBAJIbHUX Bi3KiB YCTAaHOBKH, 3alucaHo (YHKIi 3MiHM KiHETHYHOT €Hepril
KOKHOT'O eJIeMEHTa YCTAHOBKH Ta BCi€i CHCTeMH, CHJI iHepLii KOXKHOro €JIeMEHTAa yCTaHOBKU Ta
CYyMapHOI CHIIM iHepIlii, CyMapHOro MOMEHTY Bif il cui iHepuii. Ha ocHoOBI piBHsHB Jlarpamxa
JIPYTOro poAy CKJIAACHO PIBHSHHS PyXy YCTAaHOBKH i BU3HAYEHO y3arajbHEHY CHIIY Ta PYLIHHUIH
MOMEHT Ha BaJly IPHUBIAHOrO ABHryHa. HeBpiBHOBaXKEHICTh NMPUBIJHOIO MEXaHI3My OLIHIOETHCS
MaKCHMAJIbHUMH 1 CEepeAHbOKBAAPATHYHIMH 3HAYCHHSAMHU CyMapHOI CHJIM iHepuil Ta CyMapHOro
KPyTHOIO MOMEHTY BiJg Ail cui iHepuii, 6e3po3aMipHUMH Koe(illi€eHTaMH, IO BHPAXKAIOTh
BIHOLIGHHS CEPeJHbOKBAJPATHYHHX 3HAYCHb 3BEOCHHUX [0 LEHTPY Mac YCTAHOBKH CyMapHOI
CHJIM iHepwil Ta CHJI iHeplii, IO Ai0Th HA KOXHHUM BI30K, i BiIHOLICHHS CEpeIHbOKBAIPATHIHUX
3Ha4YeHb MOMEHTY Bif Mii CHJI iHepLii BCbOro MexaHi3My i CKJIa[0BUX MOMEHTY Bif Aii cui iHepuii
OKpPEMHX €JEeMEHTIB. BCTaHOBJIEHO, IO B YCTaHOBLI 3 BPIBHOBOXCHHM IPHBOIOM HaWKpaiie
BPIBHOB&KCHHS CHJI IHEpLl, [0 NPUKJIAACHI B [IEHTPaX PyXOMHUX Mac JIAHOK, Ta IIPUBEICHOrO 10
oci obepraHHsS MPHBIAHOTO Baly KPYTHOrO MOMEHTY, L0 BHHHMKae Bix nii cui iHepuii,
CrOCTepiraeThesl MpH 3HA4YCHHI KyTa 3MilleHHs KpuBowmmiB A@=90°. OtpumaHi pe3ynbTaTd
MOXYTb OyTH y IOAANBIIOMY BHKOPHCTAaHI Uil YTOYHEHHS Ta BJOCKOHAJICHHS ICHYIOYHX
[H)KEHEPHUX METOIB PO3paxyHKy MPHBITHMX MEXaHI3MIB MalIUH POIMKOBOro GOpMyBaHHS SIK Ha
CTaisIX NPOEKTYBAHHS, TAK 1 y POKUMAaX peanbHOi eKCIIyaTarlii.

KuarouoBi cioBa: posmkoBa (opMyBajibHa YCTAaHOBKA, NMPHUBIAHUM MeXaHi3M, CHJa iHEpIii,
MOMEHT, 3PiBHOBa)KCHHSI.
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Loveikin V. S., Pochka K. I., Prystailo M. O., Balaka M. M., Pochka O. B.
DYNAMIC BALANCING OF ROLLER FORMING UNIT DRIVE

The dynamic balancing of the drive mechanism for the roller forming unit with balanced drive
is consideredin order to increase reliability and durability. Two dynamic balancing problems are
solved in the simulation process of the drive mechanism balancing: the inertia forces balancing
which applied in the masses centers of the motion links, and the torque balancing which reduced to
rotation axis of the drive shaft, that arise from the inertia forces action.Wherein all kinematic
characteristics of the unit forming trolleys are determined, the change functions of the kinetic
energy for the unit each element and whole system, the inertia forces of the unit each element and
the total inertia force, the total moment from the inertia forces action are written.The unit motion
equation is compiled based on the Lagrange equations of the second-order, and the generalized
force and moment on the drive motor shaft are determined.The drive mechanism imbalance is
estimated by the maximum and root-mean-square values of the total inertia forceand total torque
from the inertia forces action, the dimensionless coefficients, which express the root-mean-square
values ratio of the total inertia force and inertia forces, that act on each trolley, and the root-mean-
square values ratio of the moment from the inertia forces action of the whole mechanism and
moment components from the inertia forces action of the individual elements.It is established that
the best balancing of the inertia forces applied in the masses centers of motion links, and the
torque balancing which reduced to rotation axis of the drive shaft, that arise from the inertia forces
action, are observed at the cranks displacement angle value Ag=90° for the roller forming unit
with balanced drive. The work results may in the future are used to refine and improve the existing
engineering methods for estimating the drive mechanisms of roller forming machines, both at
design stages and in practical use.

Keywords:roller forming unit, drive mechanism, inertia force, moment, balancing.

Jlogetikun B. C., Ilouxa K. 1., IIpucmaiino H. A., Baraka M. H., [louka O. b.
JUHAMUYECKOE YPABHOBEILIMNBAHUE IMPUBOJA POJINKOBOM
®OPMOBOYHOMN YCTAHOBKH

C 1uenbl0 MOBBIIIEHHS HAA&KHOCTM M JIOJFOBEYHOCTH PACCMOTPEHO JIMHAMHYECKOE
YPAaBHOBEIUIMBAHUE MPUBOJHOIO MEXaHHW3Ma POJMKOBOH (OPMOBOUHOH  YCTAHOBKH €
YPaBHOBEILEHHBIM NPUBOJIOM. [Ipu MozaennpoBaHuM IpolLecca ypaBHOBEIIMBAHHUS IPUBOLHOIO
MEXaHM3Ma pEIIEHO JABE 3aJa4yd JMHAMMYECKOrO YPAaBHOBEIIMBAHHA: YPaBHOBELIMBAHUE CHII
UHEPLMHU, MPWIOKEHHBIX B LEHTPaX MacC IOJBWKHBIX 3BEHbEB, W YPABHOBEIIMBAHUE
HPHUBEJACHHOIO K OCH BpAIUEHHs NPHBOAHOIO Bajla KPYTSLIEr0 MOMEHTA, BO3HHMKAIOILEro OT
neicTBus  cuul uHepuuu. IIpu 3TOM ompeneneHbl BCe KHHEMAaTHUYECKHE XapaKTEPUCTHKU
(DOPMOBOYHBIX TEJIOKEK YCTAHOBKH, 3alMCAHBl (YHKIHMH KHHETHYECKOH OHEPrHH KaxIOro
JIEMEHTa M BCEH CUCTEMbI, CHJI MHEPLMU KaXKIAOrO 3JIEMEHTa YCTAaHOBKHM M CyMMAapHOW CHIIbI
MHEpLMHU, CyMMapHOI'0 MOMEHTa OT JIelcTBUS cuil uHepiuu. Ha ocHoBaHuM ypaBHeHui Jlarpanxa
BTOPOI'0 POZia COCTAaBJICHO YPAaBHEHHE ABHKEHMS YCTAHOBKM M ONpeAeeHbl 00001EHHAs cuna U
JIBIDKYIUMH MOMEHT Ha Bally NPHBOAHOrO JBuratens. HeypaBHOBEIIEHHOCTb INPUBOIHOIO
MEXaHM3Ma OLEHUBAETCS MAKCUMAJIbHBIMH U CPEIHEKBAJPATHYECKUMH 3HAYECHUSMH CyMMapHOH
CHJIBI HHEPLIUM ¥ CYyMMapHOI'0 KPYTSIIEro MOMEHTa OT JeHCTBUS CHJI MHEPLMHU, Oe3pa3sMepHbIMU
K0d()PHUIIMEHTaMH, BBIPAXKAIOIMMH OTHOIICHHE CPEIHEKBAAPATHICCKUX 3HAYCHUH NPUBEACHHBIX
K LIEHTPY MacC yCTAaHOBKHM CyMMAapHOH CHJIbI HHEPLMH U CUJI MHEPLUH, NEHCTBYIOIMX HA KaXIyI0
TEJISKKY, U OTHOIIEHUE CPEIHEKBAJAPATHUECKUX 3HAYEHMH MOMEHTa OT JEHCTBHS CHJI MHEPLUU
BCEr0 MEXaHU3Ma M COCTaBJIAIOIIMX MOMEHTA OT JICHCTBUS CHJI HHEPLUH OTAEIbHBIX 3JIEMEHTOB.
VYCTaHOBIIEHO, YTO B YCTAHOBKE C YPAaBHOBELICHHBIM NPUBOJOM HaMIy4llee YpaBHOBELIMBAaHHE
CHJI MHEpLMH, NPUIIOKEHHBIX B LEHTPAX Macc 3BEHbEB, M IPUBEJEHHOIO K OCH BpAILCHUS
HPHBOJIHOTO Bajia KPYTAILEr0o MOMEHTA, BOSHUKAIOLIETO OT ACHCTBUS CHII MHEPLUH, HAOJIH0IaeTCst
IpH 3HAYEHUM yria cMmelleHus kpusoluno Ae=90°. IToxyueHHbIE pe3yibTaTbl MOTYT ObITH B
JIJIbHEHIIIEM — HCIIOJIb30BAHbl  JUII  YTOYHEHUs M YCOBEPIIEHCTBOBAHUS  CYILECTBYIOIIMX
WHXXEHEPHBIX METOJI0B pacy&Ta NPUBOAHBIX MEXaHM3MOB MAlllMH POJIMKOBOr0 ()OPMOBAHUS KaK Ha
CTaAUSAX MPOEKTUPOBAHMS, TAK U B PEKHUMAX PEasIbHOM IKCIITyaTaluy.

KuroueBkble ci10Ba: poinkoBas HOpPMOBOYHAsI YCTAHOBKA, TPHBOIHON MEXaHU3M, CHIIA
MHEPLIMU, MOMEHT, yPaBHOBEILIMBAHHE.
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Joseiikin B.C., Ilouka K.I., Ilpucmaiino M.O., banaka M.M., Ilouka O.b. ]IlunamiuHe
3piBHOBa’KEHHSI NPUBOJY POJIHKOBOI (hopMyBasIbHOI ycTaHOBKH // / Omip MarepiaiiB i Teopis
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st ponukosoi hopmysanbHol YyCmanosKu 3 8PIGHOBANCEHUM NPUBOOOM PO3ISAHYMO OUHAMIYHE
3pieHo6adicents npusiono2o mexanismy. Heepienosaoicenicmo npusionoeo mexanizmy oyinioemucs
MAKCUMATLHUMU [ CePeOHbOK8AOPAMUYHUMU 3HAYEHHAMU CYMAPHOI cunu iHepyii ma cymapHno2o
KDYMHO20 MOMeHmy 6i0 Oii cunl iHepyii, 0e3po3MIpHUMU KoepiyicHmamu, wo eupaxcaions
8IOHOWIEHHS CePeOHbOKBAOPAMUYHUX 3HAYEHb 36€0eHUX 00 YeHmpy MAcC YCMAHOBKU CYMAPHOT
cunu inepyii ma cun inepyii, wo Oilomv HA KOJICHULL BI30K, | BIOHOWEHHS CePeOHbOKEAOPAMUYHUX
3HAYeHb MOMeHmY 6I0 Oii cunl inepyii 6cb020 MeXAHi3My i CKIA006UX MOMeHmYy 6i0 Oii cun inepyii
OKpeMux enemenmis.

Tabu. 1. . 7. Bi6miorp. 20 Ha3s.
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Loveikin V. S., Pochka K. 1., Prystailo M. O., Balaka M. M., Pochka O. B. Dynamic balancing of
roller forming unit drive// Strength of Materials and Theory of Structures: Scientific-and-
technical collected articles. — K.: KNUBA, 2021. — Issue 107. — P. 140-158.

The dynamic balancing of the drive mechanism is considered for the roller forming unit with
balanced drive. The drive mechanism imbalance is estimated by the maximum and root-mean-
square values of the total inertia forceand total torque from the inertia forces action, the
dimensionless coefficients, which express the root-mean-square values ratio of the total inertia
force and inertia forces, that act on each trolley, and the root-mean-square values ratio of the
moment from the inertia forces action of the whole mechanism and moment components from the
inertia forces action of the individual elements.

Table 1.Fig. 7.Ref. 20.
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s ponukosoii  popmMoBOUHOU YCMAHOBKU C  YPABHOBEUWEHHBIM NPUBOOOM DACCMOMPEHO
ounamuyeckoe ypasnosewusanue npusoono2o mexanusma. Heypasnosewennocmos npueoonozo
MexXanusma oyeHusaemcs. MakCUMAIbHLIMU U CPEOHeK8AOPAMUHECKUMY 3HAYEHUAMU CYMMAPHOU
CUTIbL UHEPYUU UCYMMAPHO20 KPYMAWe20 MOMEHMA Om OeUcmeus cun unepyuu, bespasmepHuimu
KOd(Puyuenmami, ebIpadicaroWuMu OmHouleHUe cpeOHeK8aoPaMUIecKUX 3HaUeHUl NPUBEOeHHbIX
K YeHmpy Macc yCmaHo8Ku CyMMAPHOU CUbl UHEPYUU U CUTL UHEPYUL, OeliCMEYIOUUX HA KanCOyIo
menesxcKy, u OmHoue e CpeOHeKBaOPAMUYeckKUx 3Ha4eHutl MoMenma om 0eticmaus cul uHepyuu
6C€20 MEXAHUZMA U COCMAGIAIOWUX MOMEHMA OM OtCMBUs CUTL UHEPYULU OMOENbHBIX DEMEHMOB.
Tab6an. 1. Y. 7. bubnuorp. 20 Ha3s.
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