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Abstract. The optimal jerky mode of the recip-
rocating motion for a forming trolley is calculated
to increase the reliability and durability of the roll-
er forming unit. The criterion action is used as a
criterion of the motion mode, which is an integral
over time with the sub-integral function that ex-
presses the jerk’s «energy» when calculating the
optimal motion jerky mode. The change functions
of the kinematic characteristics for the forming
trolley are calculated. The variation law of the
compaction rollers angular velocity is calculated
by taking into account the change functions of the
forming trolley speed. The roller forming unit de-
sign with a drive from the high-torque stepper mo-
tor is proposed, which is mounted in the compac-
tion rollers of the forming trolley and provides the
optimal jerky mode of reciprocating motion for the
forming trolley. The surface quality of the pro-
cessed concrete mixture is increased, dynamic
loads in the drive mechanism elements are re-
duced, unnecessary destructive loads on the frame
construction are disappeared and, accordingly, the
reliability and durability of the unit as a whole are
increased, when we use the such drive in the unit.

Keywords: unit, forming trolley, motion mode,
drive, speed, acceleration, jerk, stepper motor.

INTRODUCTION

The considerable dynamic loads in the ele-
ments of the drive mechanism and the ele-
ments of the forming trolleys take place in the
roller forming units of reinforced concrete
products during operation [1-9]. The motion
dynamics of the forming trolley and its influ-
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ence on the forming process have not yet been
researched, despite the rather wide study of the
technological process for forming reinforced
concrete products by the vibration-free roller
method [1-5]. Attended little attention to the
forces, which take place in the elements of the
drive mechanism and the forming trolley.

The available theoretical and experimental
studies of roller forming machines for rein-
forced concrete products substantiate their
design parameters and performance [1-5]. At
the same time, attended insufficient attention
to the research of active dynamic loads and
motion modes, which significantly affects the
operation of the unit and the quality of finished
products. Significant dynamic loads take place
in the elements of the drive mechanism and the
elements of the forming trolley during constant
start-braking motion modes, which can lead to
unit premature failure [6-9]. Thus, the drive
mechanism updating of the roller forming unit
to ensure such the motion mode of the forming
trolley is the actual task, in which the dynamic
loads are reduced in the unit elements and the
unit durability is increased.

PURPOSE OF THE PAPER
The paper’s purpose is to update the drive

mechanism design of the roller forming unit to
increase its reliability and durability.
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RESEARCH RESULTS

The criteria for the motion mode of mecha-
nisms and machines can be coefficients of the
motion unevenness and the dynamism [10].
The criterion action is used as a criterion of the
motion mode in this paper, which is an integral
over time with the sub-integral function that
expresses the motion measure or the system
action. The optimality motion criterion for the
optimal motion jerky mode will be in the form:

f
ly = [W dt—min, 1)
0

where:
t — time; t; — duration of the trolley motion

from one extreme position to another; W —
jerk’s «energy» of:

W:%-m-'f('z, )

where:
m — mass of the forming trolley; X — jerk
(acceleration of the second-order).

The minimum condition of criterion (1) is
the Poisson equation:

oW dow d?ow  ddow

— 4+
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where
X, X, X — coordinate of the displacement,
speed and acceleration respectively.

We can write from expression (3):

aw_aw_aw_o_
ox  oX  oX ’
oW
—=m-¥X; 4
P (4)
d® aw vi
—~—— =m-x=0.
dtd® ox

We get the differential equation and its so-
lutions from the last equation (4):
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where:

C,, C,, C3, C4, C5, Cg — constant integra-
tions, which are determined from the boundary
conditions.

The boundary conditions for the trolley mo-
tion from one extreme position to another:
initial — t=0, x=Xxy, X=0, X=0; final —
t=t, Xx=x, Xx=0, X=0. Here X, and x; —
the coordinates of the extreme positions for the
mass trolleys center. We get, if the boundary
conditions substitute into equation (5):

t=0: Cs=X%y;, C5=0; C,=0; (6)

1 5 1 4
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!
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We obtain C;, C, and C; constant integra-
tions after solving the equations system (7):
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C= 720'()(1—50): The kinematic characteristics of the optimal

Y motion jerky mode for the forming trolley

(x1—Xg). were calculated when we accepted the dis-

C2 :_360't—4’ (8) placement amplitude of the forming trolley

! AX =X —%; =0,4m and the total time of its

C, :GO.LSXO)_ motion from one extreme position to another

(9 t; =3s. We built change graphs in displace-

ment (Fig. 1, a), speed (Fig. 1, b), acceleration

We obtain expressions to determine the (Fig. 2, c), and jerk (second-order acceleration)

kinematic characteristics of the forming trolley (Fig. 1, d) on the calculation results during the

when its displacement from one extreme posi- forming trolley motion from one extreme posi-
tion to another in the optimal jerky mode of tion to another with the optimal jerky mode.

reciprocating motion if determined constant The motion law of the forming trolley, de-

integrations (6), (8) substitute into equation (5): scribed by equations (9), can be implemented

by driving from the high-torque stepper motor,

t2 t 3 which is mounted in the compaction rollers of

X=X +(X = %) 6'¥_15'E+1O E the unit forming trolley. Herewith, the varia-

tion law of the angular velocity for the drive

: t? t t2 stepper motor is described by the equation:
X:30'(X1—X0)' —2—2t—+1 —3,
t t
' ' ' 9) . Ax (2t t?
t2 t t ¢=30-—| 5-2-—+1|-—, 0<t<t,,(10)
X:60'(X1—X0)' 2—2—3t—+1 —3, R tl tl tl
[ 1 [
t2 t 1 where R —radius of compaction rollers.
X =60-(% —X)- 6't—2—6't_+1 il The variation law of the angular velocity
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Fig. 1. Change graphs in displacement (a), speed (b), acceleration (c) and jerk (d) during the optimal
motion jerky mode of the forming trolley
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for the drive stepper motor is determined dur-
ing the forming trolley motion in the reverse
direction similarly:

(t-1)°
('[):—30-&- t12 (t_tl)z
3 )
R 2(t—t1) . tp  (11)
i 4 ]
t<t<2t.

The unit design with the drive mechanism
(Fig. 2) is proposed to ensure the optimal jerky
mode of reciprocating motion for the forming
trolley to reduce the unit elements’ dynamic
loads and increase its reliability.
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Fig. 2. Roller forming unit with stepper motor drive

The roller forming unit consists of the
forming trolley 1, which is mounted on portal
2, and performs the reciprocating motion in
guide 3 above the mold cavity 4. The forming
trolley has the feeding hopper 5 and compac-
tion rollers 6 on axis 7.

The trolley is reciprocated by means of the
high-torque stepper motor, which is mounted
in rollers, and the roller axis acts as a stator,
and the roller itself acts as a rotor [11].

The surface quality of the processed con-
crete mixture is increased, dynamic loads in
the drive mechanism elements are reduced,
unnecessary destructive loads on the frame
construction are disappeared and, accordingly,
the reliability and durability of the unit as a
whole are increased, when we use the drive
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from the high-torque stepper motor that in-
stalled in compaction rollers, the which varia-
tion law of the angular velocity is described by
above equations.

CONCLUSIONS

The optimal jerky mode of the reciproca-
ting motion for the forming trolley was calcu-
lated as the research result, which was carried
out to increase the reliability and durability of
the roller forming unit. The trolley kinematic
characteristics during the optimal jerky mode
of reciprocating motion were calculated.

The roller forming unit design with a drive
from the high-torque stepper motor, which is
mounted in the compaction rollers of the unit
forming trolley, is proposed to ensure the op-
timal jerky mode of the reciprocating motion
for the forming trolley.

The paper’s results can be useful in the fu-
ture for the clarification and improvement of
the available engineering methods for calculat-
ing the drive mechanisms of roller forming
machines, both at the design or construction
stages and in real operation modes.
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Peanizanis onTHMabLHOr0 PUBKOBOTO PEKUMY
PYXY POJHMKOBOI (p)OPMYBAIBHOI YCTAHOBKH

Bsuecnas Jlosetikin', Kocmanmun I[Touxad?,
Maxkcum Banaxa®, Onvea Houka®

'Hayionanonuii ynieepcumem 6iopecypcie i
NPUPOOOKOPUCTYBAHHA YKpainu,
234 Kuiscoruil nayionanbnuii ynieepcumem
0yOisHUYmMEA i apximeKmypu

AHoTanisi. 3 METO MiABUIIEHHS HAAIMHOCTI
Ta JOBTOBIYHOCTI POJUKOBOI (JOPMYBaIbHOI yCTa-
HOBKHM PO3paxOBaHO ONTUMAalbHUII PUBKOBUU pe-
UM 3BOPOTHO-TIOCTYHAJIBHOTO PyXy (opMyBalib-
HOTO Bi3Ka.

[lpu po3paxyHKy ONTHMAILHOTO PHUBKOBOTO
peXKUMY PYXy B AKOCTI KPHUTEPIIO PEXUMY PyXy
BUKOpHUCTaHa KpUTepiaibHa [isl, SKa SBJsE COO0I0
IHTETpall 32 4acoM 3 MiJAIHTEerpaJbHO (DYHKILIETO,
0 BUPAXKAE «EHEPTiIo» puBKiB. Po3paxoBaHo
(yHKIIT 3MIHM KiHEMATHYHUX XapaKTePUCTHK
(hopMyBanbHOTO Bi3Ka Mix 4ac MWOTO pyxy BiJ OJ-
HOTO KpaWHBOTO TOJIOKEHHS 110 IHIIOTO, SIKi Bij-
MOBIAIOTh ONTUMAJILHOMY PHUBKOBOMY PEXHUMY
3BOPOTHO-TIOCTYMANBHOTO pyXy. [Ipm Takomy pe-
KUMI pyXy MepeMillleHHs, IBUIKICTh Ta MPHCKO-
peHHS GOpPMYBAIFHOTO Bi3Ka 3MIHIOIOTHCS TIABHO,
HE CTBOPIOIOYM 3HAYHUX JMHAMIYHUX HaBaHTa-
KEHb B YCTaHOBIII, IO B CBOIO YEPry MO3UTHBHO
BIUIMBAE HA i1 JOBrOBIYHICTb.

I3 BpaxyBaHHAM (YHKIH 3MiHM HIBHUAKOCTI
(bopMyBaJILHOTO Bi3Ka PO3PaxOBaHO 3aKOH 3MiHU
KyTOBOi IIBHAKOCTI 0OEpTaHHs WOTr0 YKOYY-
BaJbHUX POJMKIB. 3alpOIIOHOBAHO KOHCTPYKIIiO
ponuKoBoi GOpMyBaIbHOT YCTAHOBKH 3 MPHUBOAOM
BiJl BUCOKOMOMEHTHOT'O KPOKOBOTO JIBUTYHA, IO
BMOHTOBaHUI B YKOUYBaJbHI POJIMKH (HOPMYBaJIb-
HOTO Bi3Ka 1 3a0e3redye ONTUMAaTbHUNA PUBKOBUN
PEXUM 3BOPOTHO-TIOCTYMANBHOTO pyXy (opmysa-
JILHOTO Bi3Ka.

IIpu 3acTocyBaHHI B yCTaHOBLI BKa3aHOT'O MPHU-
BOAY IMIiJIBUIIYEThCS SKICTh IOBEPXHI 00poO-
OMOBaHOT OCTOHHOI CyMillli, 3MEHIYIOTHCS JINHA-
MiYHI HABaHTAXEHHS B €JIEMEHTax NPHUBOAHOTO
MeXaHi3My, 3HUKAIOTh 3aliBi PYyIHIBHI HaBaHTa-
JKEHHsSI Ha paMHY KOHCTPYKIIIFO 1, BIJITIOBIIHO, TTiJI-
BHIIYETHCS HAINHICT Ta JOBrOBIYHICTh YCTaHOB-
KH B IIJIOMY.

Pesynpratn po6GOTH MOXYTh B MOJANBIIOMY
OyTH KOPHCHUMHM JUIsl YTOYHEHHS Ta YHOCKOHA-
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JICHHS 1CHYIOYMX 1H)KCHEPHUX METOIIB pPO3paxyH-
Ky TPHUBOAHMX MEXaHI3MIB MAalllMH POJIHUKOBOTO
(bopMyBaHHS SIK Ha CTAisIX MPOEKTYBaHHS / KOHC-
TPYIOBaHHA, TaKk 1 B PeXHMax peanbHOI eKCITya-
tarii. Takoxx pe3ymbTraTH poOOTH MOXYTh OyTH
KOPHCHHUMH TIPH IPOEKTYBaHHI a00 yIOCKOHAIECHHI
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MEXaHI3MIB 13 3BOPOTHO-NIOCTYNAIBHUM PYXOM
BUKOHABUYHUX CIIEMCHTIB.

KuaiouoBi ciaoBa: ycraHoBka, (hopMyBalbHUI
Bi30K, PEXHUM PYXY, MPHUBOJ, IBUIKICTb, MPHUCKO-
PEHHSI, pUBOK, KPOKOBHI JIBUTYH.
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