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The impact of cranks displacement angle on the motion non-uniformity is determined for a
roller forming unit with an energy-balanced drive mechanism. At the same time, the roller forming
unit is presented by a dynamic model with one freedom degree, for which the differential equation
of motion is write down. As a result of solving the differential equation, it has been obtained that
the change function of the crank angular velocity from start-up moment and during steady motion
mode. After that, we calculated the time corresponding to the angular velocity value, and obtained
the change function of the crank angular acceleration from start-up moment and during steady
motion mode. The motion non-uniformity of the roller forming unit has been determined by the
motion non-uniformity factor, the motion dynamism factor and the extended factor of motion
assessment during steady motion mode. The impact of drive cranks displacement angle on the
motion non-uniformity has been traced, as a result, the specified factors have the minimum values
at cranks displacement on the angle Ap=60°.

Keywords: roller forming unit, drive mechanism, displacement, angular velocity,
acceleration, non-uniformity.

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
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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, 16], which greatly impact both the operation of the unit and the
quality of the finished products. Therefore, the task of studying the motion
non-uniformity of roller forming units is actual. In [16], the motion non-
uniformity of a roller forming unit with an energy-balanced drive mechanism
for three forming trolleys was investigated, however, the impact of cranks
displacement angle on the motion non-uniformity was not taken into account.

Purpose of the paper

The purpose of this paper is to research the impact of cranks displacement
angle on the motion non-uniformity of the roller forming unit with energy-
balanced drive mechanism.

Research results

In order to reduce energy consumption in roller forming machines, a design
of the roller forming unit [17, 18] was proposed to provide the compaction of
products from building mixtures on a single technological line. It consists of
three 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
three slider-crank mechanisms, whose cranks are rigidly fixed on one drive shaft

and shifted to each other at the angle A =120° (Fig. 1 (a)). Each of the forming

trolleys 1, 2 and 3 is mounted on the gantry 11 and performs reciprocating
motion in the guide rails 12 over the cavity of the form 13. The forming trolley 1
consists of the feeding hopper 14 and coaxial sections of the compaction rollers
15. The other two trolleys have the same design. The trolleys 1, 2 and 3 with
distributive hoppers are set into reciprocating motion by a drive made in the
form of three slider-crank mechanisms, whose cranks 7, 8 and 9 are rigidly fixed

on one drive shaft 10 and shifted to each other at the angle Ap=120". The

connecting rods 4, 5 and 6 are hinged to the forming trolleys 1, 2 and 3, while
their other ends are connected to the cranks 7, 8 and 9. 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 energy-balanced drive for compacting reinforced concrete
products on a single technological line.

In such units there is a certain motion non-uniformity of the forming
trolleys during the compaction process of the building mixture, leading to
reduce of product quality and arise of significant dynamic loads on the drive
and unit structural elements.

The motion non-uniformity in the first approximation can be determined
for the roller forming unit by the presented dynamic model with one freedom
degree, where the extended coordinate is taken as the angular coordinate of the
crank rotation.

For this model, we wrote down the differential equation of motion
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where ¢, o — angular coordinate and the crank speed; J, () — inertia
moment, reduced to the crank rotation axis; M ,.(®) — driving moment on the
driving electric motor shaft, reduced to the crank rotation axis; M, (¢) —

moment of all acting external forces, reduced to the crank rotation axis, taken
into account the resistance force to the shift of the forming trolleys and the
gravity force of the connecting rods.

(b)

Fig. 1. Roller forming unit with an energy-balanced drive (a) and its kinematic scheme (b)

The equation (1) is a nonlinear first-order equation that cannot be
analytically integrated. Therefore, the numerical method proposed by
Professor Baranov was used to solve it [19]. According to this method, the
equation (1) will have the look

2Jdr ((P) do+o- d']dr ((P) =2 (2)

Having replaced in the equation (2): dp~A@ - integration step;

Mdr((’))_Mres((p) d(P
®

A g = J griiany = ariy s 0= 04y = ;5 AQ =@, —@; ; We obtain

M 4y (@;)= M, (9;)
Z'Jdr(if(‘”iﬂ_‘”z')+°3i'(Jdr(i+1)_Jdr(i))=2 ‘ o, B— (3)
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where ¢;, ©;, Jyi), My (®;), M, (9;) — accordingly angular coordinate
of the crank, angular velocity of the crank, inertia moment, driving moment
and resistance forces moment, reduced to the crank rotation axis in position i
(i=0,1,2,..,n); n — number of settlement points; @;,, ®;1, Sy —
accordingly angular coordinate, speed and inertia moment of the mechanism,
reduced to the crank rotation axis in position i+1.

Having solved equation (3) with respect to ®,,, , we obtain
[Mdr (('0 ) Mre) ((pl )] (3Jdr(1) Jdr(1+l))

dr(i)" O; dr(i)

To solve equation (4), all necessary characteristics of the roller forming

unit were found.
The resistance forces moment, reduced to the crank rotation axis,

i+l

M, =M, (9) is determined by the dependence
M, =F,- 6x‘+F Oxy —2+F,- 6x3+G4 6ys4+G5_6y35 +G6-6y36, 5)
o o o o o o

o Oxy Ox3 Qg s g
op 0p 09 Op O  Op
trolleys masses centers 1, 2 and 3, and the vertical components for first
transfer functions of the connecting rods masses centers 4, 5 and 6 (Fig. 1),
which are defined as follows

a . r cos®
cos(p+AQ)

L 1= Pysin’ (g +g)
cos(@+2A0)

F 162/ ysin (o+20¢) )

83;—:: :%'cosq), agg =-cos(Q+AQ) , 65/(26 =cos(@+2A9) . (6)

Here r — crank radius; / — length of connecting rods; F, — resistance

— first transfer functions of the

where

0x,
W_ 7 sm((p+A(p)[l

ox; _
W——rsm((p+2A(p)[l f

force to the shift of the forming trolley, which is determined by the method
described in [4]; G, =G5 =G4 =1-q-g — gravity of connecting rods 4, 5 and
6; g — length mass of the connecting rod; g=9,81m/s’ — free fall
acceleration; A@ — crank displacement angle.

For the roller forming unit with the parameters (r=0,2m, /=0,8 m,
q =80 kg/m) the resistance force [4] F, =3562 N, that required to move the
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forming trolley with two R =0,11m compaction rollers, was determined for
the formation of products with the following characteristics: product height
hy=0,22m, product width B=1,164 m; compacted mixture type — fine-
grained mixture; concrete mixture humidity W =10%; required product

compactness k,

comp = 0,985 value of the maximum contact pressure providing

Keomp = 0,98 at W =10 %, according to experimental data p = 625 kPa.

All external forces were reduced to the crank rotation axis and are
presented as the resistance forces moment to move the forming trolley
depending on the crank rotation angle (Fig. 2, a). The mean value of the
resistance forces moment for one crank rotation cycle is determined

2n
1
Mresmean = E J.Mres ((P) : d(P =1360,55N'm
0
and the nominal rated power of the electric motor is determined
Py = Mremean 136055193 _ 5 04y,
10° - 10°-0,95

where o, =10,5rad/s — crank angular velocity; n=0,95 — drive efficiency.

According to these data, a 4A series 4A160M6U3 basic-version
asynchronous electric motor with a short-circuited rotor was chosen [20],
having the parameters: electric motor power P =15,0kW; engine rotor

synchronous speed ®,=104,72rad/s; engine rotor nominal speed

o,,, =102,1rad/s; engine rotor critical speed ®

n =94,95rad/s; engine rotor

=176,3 N'm;
=293,8 N'm;
overload capacity A=M,,,,/M,,,,=2 . In addition, the pin flexible coupling

crit

inertia moment J,, =0,183kg'm’ start-up moment M,

nominal moment M, =1469 N'-m; critical moment M,
[21] having the nominal transfer moment M ,,,, =500 N-m and inertia moment
J. =032kgm” as well as the C2-400 reducer with the transmission ratio

i, =9,8 and inertia moment J,,, =0,036 kg'm” were selected.
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Fig. 2. Graphic dependencies of the resistance forces moment to move of forming trolleys (a)
and the inertia moment (b) on the crank rotation angle of unit with energy-balanced drive
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The mechanical characteristic for the selected electric motor is constructed,
which is determined by the Kloss formula

(0)0 —(,0)/(030 _wcrit)
. )
1+[(('00 _('0)/(0‘)0 — Ot )]

From the dependence (7) we determinate the driving moment on the
crankshaft

M(0)=2-M

crit

MdrzM((D)'idr'n' (8)
The inertia moment, reduced to the crank rotation axis, is determined by
the dependence

2 2
ey +m2(gx(;) o (g);;) o [(ag;;j {ag_g) }Jﬂ(g@ J'
2 2

where J, =J,, +J.;+J,.;=0183+032+0,036=0,539 kg'm® — inertia moment

of the drive mechanism (electric motor, pin flexible coupling, reducer) relative
to the crank rotation axis; m;, =m, =m; =1000 kg — masses of the forming

trolleys 1, 2 and 3; Js4=JS5=JS6=(q-Z3)/12 — proper inertia moment of
. . . 0. 0
connecting rods 4, 5 and 6 with respect to their masses centers; %, % ,
¢ ()

O OB OBy By

o~ 09 00 op
functions for the masses centers of the connecting rods 4, 5 and 6, and the first
transfer functions of their angular arrangement relative to the horizontal line,
which are determined as follows

ox o4 _ cosQ
—r-sin@-| 14
9 [ 21 1=/ Pysin? (p]
cos(Q+AQ)
2L =2/ P)sin® (g+Ag) |

— horizontal components of the first transfer

s _ .
a(p =—7-sin(Q+AQ) [l

ox . cos(9+2-AQ) 10
afpé —r-sin(@+2-AQ)- [1 T e A(p)} (10)
9B, _r cosQ 9B, _r cos(p+A@)
99 I 1-¢?/Pysinfe 9® L 12/ P)sin(o+Ag)
PBs_r cos(Q+2-A0)

99 1 12/ Py sin* (9+2-A0)
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On the basis of the above dependencies we construct a change graph of the
inertia moment, reduced to the crank rotation axis, on the crank rotation angle
for one cycle (Fig. 2 (b)).

The time, respondent to value ®,,; angular velocity, can be determined by
the dependence

2-Ag
L =Lit—, (11)
©; + O,
by means of which we obtain the crank angular acceleration
g = Wiy —®; , (12)
iy~

where ¢, — motion time value in crank positions i and i+1.

i tz+]

Having substitute, the obtained dependences into equation (4) for each
settlement point, starting from the rest state (i =0 ), we obtain a change graph
of the crank angular velocity on the crank rotation angle (Fig. 3 (a)). Using

dependence (12), we construct a change graph of the crank angular
115) i ’"I

acceleration on the crank rotation angle (Fig. 3 (b)). 1 } |||"
| HmHH'HI’H'!’Hl

i
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Fig. 3. Graphic dependencies of the crank angular velocity (a) and the crank angular
acceleration (b) on the crank rotation angle
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After analysis of graphic dependencies (Fig. 3), it can be seen that during
of 13 crank rotations its angular velocity is constantly increase, and the angular
acceleration is constantly increase its amplitude. After 13 crank rotations, the
angular velocity and angular acceleration are change within certain limits (Fig.
4), that is the crank rotation reaches a steady motion mode. This means that the
roller forming unit enters the steady motion mode for 13 full crank rotations
from start-up moment.

After entering the steady motion mode, the crank rotates with a certain

angular velocity (Fig. 4 (a)), which varies from o, ;, =9,714rad/s to
O« = 10,845 rad/s. In this case, the average value of angular velocity is equal
to ® =10,263 rad/s, and the motion non-uniformity factor is determined by

mean

the dependence [19]

5= O max ~Opmin _ 10,845-9,714
® 10,263

mean

=0,11. (13)
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Fig. 4. Graphic dependencies of the crank angular velocity (a) and the crank angular
acceleration (b) on the crank rotation angle during steady motion mode

The angular acceleration at a steady motion mode of the crank varies from

€min =—17,307 rad/s® to &, =17,778rad/s> (Fig. 4, b). In this case, the
motion dynamism factor will have the look [19]
=@=17’_7782=0,169. (14)
® 10,263

mean
For the total assessment of technological and dynamic properties of the
roller forming unit, we use the extended factor of motion assessment [22]

2 2
O ax —O i € -
k,,:( s ) =|;mx|:(1o,845 0TI 11T o181 (15
0) ()] 10,263 10,263

mean mean

The determined factor of motion non-uniformity, the motion dynamism
factor and the extended factor of motion assessment are meet to the roller
forming unit with energy-balanced drive in which the cranks displacement

angle A@=120°. Into dependencies to determine of the resistance forces
moment and the inertia moment, whose reduced to the crank rotation axis, we

substitute different values of the angle Ap from Ap=0° to Ap=120° with a

step 10°, to set the impact of cranks displacement angle on the motion
uniformity of the roller forming unit.

The graphic dependencies of crank angular velocity and crank angular
acceleration on the crank rotation angle are constructed at these values of the
resistance forces moment and the inertia reduced moment. After that, the
motion non-uniformity factor, the motion dynamism factor and the extended
factor of motion assessment are determined. The settlement results are shown
in Table 1. The change graphs of the crank angular velocity (Fig. 5) and the
crank angular acceleration (Fig. 6) during steady motion mode at different
values of the crank displacement angle A are also resulted.
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Fig. 5. Graphic dependencies of the crank angular velocity on the crank rotation angle during
steady motion mode at different values of the crank displacement angle:

(@)— Ap=0°;(b)— Ap=30";(c)— Ap=60";(d)— Ap=90"

On the basis of Table 1 data, we construct graphic dependencies of the
motion non-uniformity factor (Fig. 7 (a)), the motion dynamism factor
(Fig. 7 (b)) and the extended factor of motion assessment (Fig. 7 (c)) from
cranks displacement angle depending.
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Fig. 6. Graphic dependencies of the crank angular acceleration on the crank rotation angle during
steady motion mode at different values of the crank displacement angle:

@— Ap=0";(b)— Ap=30°;(c)— Ap=60°;(d) — Ap=90°
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Table 1
A(p"’ Omin » (Dmax > (Dmean > S €min » Smax > bé kp
rad/s rad/s rad/s rad/s’ rad/s’
0 5,688 10,486 7,6767 0,625 |-60,9412 | 62,4776 |1,060169]1,450804
10 5,921 10,6648 7,68 0,6177 | -56,1148 | 57,6416 |0,977268|1,358799

20 6,3252 | 10,7094 | 8,0571 | 0,5441 | 41,7004 | 42,3337 |0,652122|0,948211

30 7,203 11,1871 8,7296 | 0,4564 | -35,0305 | 38,6718 |0,507465|0,715756

40 8,461 11,7789 | 9,6724 0,343 | -34,4285 | 33,5395 [0,368002|0,485669

50 9,5214 | 11,7132 | 10,2357 | 0,2141 | 25,7271 | 22,4492 |0,245559(0,291412

60 9,6998 | 11,0392 | 10,311 |0,1299 |-11,8928 | 10,3499 [0,1118620,128736

70 9,368 | 10,7795 | 10,2584 | 0,1376 | -13,705 | 15,5615 |0,147874|0,166806

80 9,1653 | 10,9716 | 10,1092 | 0,1787 | -17,5584 | 18,7243 | 0,18322 |0,215146

90 9,1906 | 11,0884 | 9,9874 [0,19002|-22,3837 | 23,0898 [0,2314810,267588

100 9,0535 | 11,1918 | 10,0084 | 0,2136 | -27,1379 | 27,2824 |0,272366|0,318013

110 9,2219 | 11,1994 | 10,1349 | 0,1951 | -27,4193 | 26,8982 [0,266942|0,305013

120 9,5087 | 10,9078 | 10,1752 | 0,1375 | -21,3797 | 22,0726 | 0,21319 |0,232097

The analysis of settlement
results (Table 1) and graphic
dependencies (Fig. 7) shows
that the motion non-uniformity
factor takes the minimum value
6=0,1299 when shift to crank

07
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angle Ag=60°, which is 5,8 % O T
less than at A@=120"; the C"“"M“’g;""’"'“"glu""”"g
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1=0,111862 at Ap=60°, 1
which is 1,906 less than at - 0:,,
Ap =120°; the extended factor oz
of motion assessment takes the T ) ] 5 0 %0 i 15
minimum value k, =0,128736 Craaks disiacement angle A deg

(b

at the cranks displacement angle
Ap=60°, which is 1,802 less

than at Ap =120".

Conclusions
As a result of researches, the
change functions of the crank

14
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roller forming unit with energy- Fig. 7. Graphic dependencies of the motion non-

uniformity factor (a), the motion dynamism factor
(b) and the extended factor of motion assessment
(c) on the crank displacement angle

balanced drive are obtained, and
the motion non-uniformity
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factor, the motion dynamism factor and the extended factor of motion
assessment were calculated. The impact of the crank displacement angle on the
motion uniformity of the roller forming unit is analyzed. It is established that
the minimum values for the motion non-uniformity factor, the motion
dynamism factor and the extended factor of motion assessment are observed at

the values of cranks displacement angle Ap =120°. 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., baraxa M. M., Ilouka O. b.
BIIJIUB KYTA 3MIIIEHHS KPUBOLIUIIIB HA HEPIBHOMIPHICTD PYXY
POJINKOBOI ®OPMYBAJIbHOI YCTAHOBKH 3 EHEPTETUYHO
BPIBHOBAKEHUM ITPUBO1OM

It ponukoBoi (GoOpMyBambHOI YCTAaHOBKM 3 EHEPreTHYHO BPIBHOBAXKEGHUM IMPUBIIHUM
MEXaHi3MOM [UIsl TPbOX (hOPMYBaIBHUX Bi3KiB BH3HAYCHO BIUIMB KyTa 3MILICHHS KPUBOLIMIIB Ha
HEpIBHOMIpHICTh pyXy. IIpH 11bOMy BKa3aHa yCTaHOBKa IPEACTABJICHA JHMHAMIYHOIO MOJACIUIIO 3
OJIHHM CTYIIEHEM BITBHOCTI, [¢ 3a y3arajbHEHy KOOPAMHATY MPUHHITO KyTOBY KOOPIHMHATY
noBopoTy kpuBoummy. Jist Takoi Momeni 3ammcaHo AudepeHLianbHE PIBHAHHS PyXy, LI
PO3B’s3Ky SIKOro Oys0 BHKOPHUCTaHO dYHCeNbHHII Meron. Ilpum po3B’si3ky audepeHuiaabHOro
PIBHSHHS pyXy Oyio BH3HA4YECHO 3BEACHHH MOMEHT iHepLii BCi€l yCTaHOBKH, 3BEICHHH IO OCi
IIOBOPOTY KPUBOILIMIIA MOMEHT CHJI OLOPY HepeMileHHI0 GpopMyBaIbHHX Bi3KiB IpH (HOpMyBaHHI
BUPOOIB 3 OyxiBenbHUX CyMilledl, poO3paxoBaHO HOMIHAJIBHY pO3PaxyHKOBY MHOTYXKHICTh
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IPUBITHOrO JABHIYHA. 3a PO3PaxOBaHMMH [JaHHMH BHOPAHO ACHHXPOHHHH EJICKTPOIBHIYH 3
KOPOTKO3aMKHEHHUM pPOTOPOM, sl sikoro 3a ¢opmysow Kitocca mo6GyqoBaHO MexXaHidHY
XapaKkTepucTHKy. Po3B’s3aBmm  audepeHiiagbHe pIBHAHHSA pyxy 3 ycCiMa BH3HAYCHUMHU
XapaKTepH CTUKAMH, OTPUMaHO (HYHKIIIO 3MiHU KyTOBOI IIBHAKOCTI KPUBOIIUILY 3 MOMEHTY MyCKY
i mpu ycrameHoMmy pexumi pyxy. Ilicist mporo pospaxoBaHO 4Yac, LIO BiANOBigae 3HAYCHHIO
KYTOBO{ IIBHIKOCTI, Ta OTPUMaHO (YHKII}0 3MIHH KYTOBOI'O IIPHCKOPEHHS KPUBOILIMILY 3 MOMEHTY
IycKy 1 NpH YCTaJeHOMY PeXHMi pyxy. HepiBHOMIpHICTH pyXy YCTAHOBKHM Ha YCTaJCHOMY
peXHUMI pyXy oLiHeHa KoeilieHTOM HEePIBHOMIPHOCTI pyXy, Koe(ilieHTOM AHHAMIYHOCTI PyXy Ta
y3araJibHeHUM Koe(dilieHTOM OLiHKH pyXy. OTpHMaHi pe3ynbTaTH MOXYTh OyTH y HOZAIbLIOMY
BUKOPUCTAHI IJIs1 YTOYHEHHS Ta BIOCKOHAICHHS ICHYIOUHMX IHDKEHEPHHX METOHIB PO3PAXyHKY
IPUBITHUX MEXaHI3MIB MalIMH POIMKOBOro (OPMyBaHHS SK Ha CTAAiAX HNPOCKTYBAHHS, Tak i y
PEeKUMaX peasbHOI eKCILTyaTallii.

KarouoBi cioBa: ponmkoBa (OpMyBaibHa YCTAHOBKA, MPUBIIHHNA MeXaHi3M, 3MilLCHHS,
KyTOBa IIBUKICTb, IPUCKOPEHHS, HEPIBHOMIPHICTb.

Loveikin V. S., Pochka K. I., Prystailo M. O., Balaka M. M., Pochka O. B.
IMPACT OF CRANKS DISPLACEMENT ANGLE ON THE MOTION NON-
UNIFORMITY OF ROLLER FORMING UNIT WITH ENERGY-BALANCED DRIVE

The impact of the cranks displacement angle on the motion non-uniformity is determined for
three forming trolleys of a roller forming unit with an energy-balanced drive mechanism. At the
same time, the specified unit is presented by a dynamic model with one freedom degree, where the
extended coordinate is taken as the angular coordinate of the crank rotation. For such a model, a
differential equation of motion is written, for solved which a numerical method was used. The
inertia reduced moment of the whole unit, and the resistance forces moment, reduced to the crank
rotation axis, to move of forming trolleys during the formation of products from building mixtures
are determined, and also the nominal rated power of the electric motor was calculated, when
solved a differential equation of motion. According to these data, asynchronous electric motor with
a short-circuited rotor was chosen, for which a mechanical characteristic is constructed by the
Kloss formula. Having solved the differential equation of motion with all defined characteristics,
we obtain the change function of the crank angular velocity from start-up moment and during
steady motion mode. After that, we calculated the time corresponding to the angular velocity
value, and obtained the change function of the crank angular acceleration from start-up moment
and during steady motion mode. The motion non-uniformity of the roller forming unit has been
determined by the motion non-uniformity factor, the motion dynamism factor and the extended
factor of motion assessment during steady motion mode. The impact of drive cranks displacement
angle on the motion non-uniformity has been traced, as a result, the specified factors have the
minimum values at cranks displacement on the angle A@p=60°. The results may in the future are
used to refine and improve the existing engineering methods for estimating the drive mechanisms
ofroller forming machines, both at design stages and in practical use.

Keywords: roller forming unit, drive mechanism, displacement, angular velocity,
acceleration, non-uniformity.

Jlogetikun B. C., Ilouxa K. U., IIpucmaiino H. A., Baraka M. H., Ilouka O. b.
BJIUSIHUE YI'JIA CMELIEHUSI KPUBOUINIIOB HA HEPABHOMEPHOCTD
JBUKEHUS POJIUMKOBOM ®OPMOBOYHOM YCTAHOBKHU C SHEPTETHYECKH
YPABHOBEIIEHHBIM ITIPUBOJAOM

Jlnst pornKoBoii GOPMOBOYHON YCTAHOBKH C DHEPreTHYECKH YPaBHOBELICHHBIM MPHBOIHBIM
MCXaHU3MOM  JJIsd Tpéx (bOpMOBO’-IHle TCICXKEK ONPECACIICHO BJIMAHUE YIJla CMCLICHUA
KPHMBOILIMIIOB HAa HEPAaBHOMEPHOCTH JBIKEHHs. IIpum 3TOM yka3zaHHas yCTAHOBKA Ipe/iCTaBiICHA
JIMHAMHYECKOH MOJIEJIBIO C OIHOH CTENEeHbI0 CBOOOIBL, I'/ie B KauecTBE 0000MIEHHON KOOPIMHATHI
NPUHATO YIJIOBYIO KOOpPAMHATY IOBOpPOTa KpuBoluuma. Jlns TakoW MoJeNu 3arucaHo
nudpepeHIHanbHOe YPaBHEHHE IBIKEHUS, AU PELICHUs KOTOPOTO HCIONB30BAH YHCIICHHBIH
meroa. Ilpu pemeHun anGepeHInaIbHOr0 ypaBHEHUS JBH)KCHHUS OIPEICICHBI TPUBEICHHbIM
MOMCHT HWHEPUHUHU BCeﬁ YCTaHOBKH, l'lpl/lBeLleHHHﬁ K OCH Bpalll€HUS KPHUBOLIXWIIA MOMECHT CHJI
CONpPOTHBJICHUSI IMEPEMEICHUIO (OPMOBOYHBIX TENEKEK MNpU (POPMOBAHMM HM3AEIMH U3
CTPOUTEIBbHBIX CMCCCﬁ, paccunTaHa HOMUHaJIbHAs pacqérHaﬂ MOIIHOCTh MPUBOAHOI'O ABUIaTEJIA.
Ilo paccuMTaHHBIM JlaHHBIM BBIOPAH ACHHXPOHHBIA 3JIEKTPOABUIATEIb € KOPOTKO3aMKHYTBHIM
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poTopom, Uit kotoporo no dopmyie Kiocca moctpoeHa MexaHuueckas Xapakrepuctuka. Pemms
nuddepeHanbHOe  YpaBHEHHE IBI)KCHHS CO BCEMH OINPENCIEHHBIMH XapaKTEPHUCTHKAMU,
noiaydeHa (GyHKOMsS H3MEHEHHs YIJIOBOH CKOPOCTH KPUBOIIMIIA C MOMEHTa IyCKa M IIPU
YCTaHOBUBILEMCSl pexume JABWXeHus. Ilociie 3TOro paccuMTaHO BpeMs, COOTBETCTBYIOLIEE
3HAYCHHIO YIIIOBOH CKOPOCTH, M HOIydYeHa (HYHKIHS H3MEHEHHS YIII0BOIO YCKOPEHHUs KPHBOIIUIIA
C MOMEHTa IIyCKa M IPH YCTAaHOBHBIIEMCS PEXKHME IBIIKEHHS. HepaBHOMEpPHOCTH ABMIKCHUS
YCTQHOBKH HA YCTAHOBHBIIEMCS PEKUME JBIDKCHUS OLICHEHa KO HUIIEHTOM HepaBHOMEPHOCTH
IBIDKEHUS, K03 DHUIIMEHTOM AMHAMUYHOCTH IBH)KCHUS U 0000IIEHHBIM KOI()(DUIIMEHTOM OL[CHKH
nBikeHus. OTCISKEHO BIHSHHE YIJIa CMEIICHHS KPHBOLIMIIOB NPHBOAA HAa HEPaBHOMEPHOCTb
IBIDKEGHUS, B pe3yldbTaTe 4Yero YCTAHOBJIEHO, YTO YKa3aHHble KOI(POHIUEHTH HMEIOT
MHHHMMAJIbHbIC 3HAYCHHUS IPH CMEILICHUH KPUBOIIMIIOB Ha yroi A@=60°. [lonydeHHbIe pe3yabTaThl
MOryT OBITb B [JajJbHEHIIEM HCIOJB30BaHbl UL YTOYHCHHS M  YCOBEPLICHCTBOBAaHMS
CYLIECTBYIOIMX HHXXCHEPHBIX METOMOB pacdyéra MPHBOIHBIX MEXaHHU3MOB MAIIHH DPOJHKOBOIO
(hopMoOBaHHs KaK Ha CTaJHUsX POCKTUPOBAHUS, TAK H B PKUMaX PEasbHOM IKCIIyaTalHH.

KuroueBble ciioBa: ponrkoBas GOpMOBOYHASL YCTAHOBKA, IPHBOJHOIN MEXaHU3M, CMEILIECHHE,
YIJI0Basi CKOPOCTh, YCKOPEHHUE, HEPABHOMEPHOCTb.

YK 693.546
Jloseiikin B. C., Ilouxka K. I, Ilpucmaiino M. O., bBanaka M. M., Ilouka O.b5. Bnaus Kyra
3MillleHHSl KPUBOIUMNIB HA HePiBHOMIPHICTH pPyXy po/iMKoBOi (opMyBaIbLHOI YCTAHOBKH 3
eHepreTHYHO BPiBHOBa)XeHUM NpuBoaoM // Orip MaTtepialiB i Teopis Cropy: HayK.-TeXH. 30. —
2021. —Bun. 106. - C. 141-155.

Jocninocyemves enaue Kyma 3milyeHHs KpUuowlunie Ha HepisHOMIpHICMb pPyXy pOAUKOBOT
DOpMYBANLHOT YCIMAHOBKU 3 eHEP2EMUYHO 8PIGHOBAICCHUM NPUBOOOM.
Tab6n. 1. In. 7. Bi6miorp. 22.

UDC 693.546
Loveikin V. S., Pochka K. 1., Prystailo M. O., Balaka M. M., Pochka O. B. Impact of cranks
displacement angle on the motion non-uniformity of roller forming unit with energy-
balanced drive // Strength of Materials and Theory of Structure: Scientific-and-technical collected
articles. —2021. — Issue 106. — P. 141-155.

The influence of the crank displacement angle on the non-uniformity of the movement of the
roller forming unit with the energy-balanced drive is investigated.
Table 1. Fig. 7. Ref. 22.

VK 693.546
Jloseiikun B. C., Ilouxka K. U., Ilpucmaiino H. A., baraka M. H., Ilouka O. 5. Biausinue yria
cMelleHHs] KPHBOINMIIOB HAa HEPAaBHOMEPHOCTH JABH/KEHHMSI POJHKOBOIi (hOPMOBOUHOIH
YCTAHOBKH € JHEPreTHYECKH YPABHOBEIIEHHbIM NMPHBOAOM // CONpOTHBICHHE MATEPHAJIOB H
TEOpHs COOPY)KEeHHMIl: Hayd.-TexH. ¢6. —2021. — Beim. 106. — C. 141-155.

Hccnedyemes enusinue yena cmeujenus KpUBOWUNAa Ha HEPABHOMEPHOCHb OBUICEHUS POTIUKOE
POPMOBOUHOU YCMAHOBKU C IHEPLEMUUHO YPASHOSEUEHHbLIL NPUEOOOM.
Tab6an. 1. Y. 7. bubaunorp. 22.
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