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Abstract. The combined dynamic mode of the
reciprocating motion for a forming trolley is calcu-
lated to increase the reliability and durability of the
roller 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 acceleration «energy» when calculating
the combined dynamic motion mode of the form-
ing trolley in the acceleration and braking areas.
The change functions of the kinematic characteris-
tics of the forming trolley during its motion from
one extreme position to another, which correspond
to the combined dynamic mode of the reciprocat-
ing motion, are calculated. The displacement and
speed of the forming trolley in the acceleration and
braking areas change smoothly with this motion
mode, without creating significant dynamic loads
in the unit, which in turn has a positive effect on its
durability.

The variation law of the compaction rollers an-
gular velocity is calculated by taking into account
the change functions of the forming trolley speed.
The roller forming unit design with a drive from
the high-torque stepper motor is proposed, which is
mounted in the compaction rollers of the forming
trolley and provides the combined dynamic mode
of reciprocating motion for the forming trolley.
The surface quality of the processed concrete mix-
ture is increased, dynamic loads in the drive mech-
anism elements are reduced, unnecessary destruc-
tive loads on the frame construction are disap-
peared and, accordingly, the reliability and durabil-
ity of the unit as a whole are increased, when we
use the such drive in the unit.

Keywords: unit, forming trolley, motion mode,
drive, displacement, speed, acceleration, stepper
motor.
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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 [1-10]. The motion
dynamics of the forming trolley and its influ-
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 [6-10].

Thus, the drive mechanism updating of the
roller forming unit to ensure such the motion
mode of the forming trolley is the actual task
[11, 12], in which the dynamic loads are re-
duced in the unit elements and the unit durabil-
ity is increased.
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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.

RESEARCH RESULTS

Desirable to have a constant speed of recip-
rocating motion of the forming trolley over the
entire section of the roller forming unit when
compacting the concrete mixture, which would
positively affect the quality of the finished
product. However, such the motion mode can-
not be realized in practice, since there are no
acceleration and braking areas, without which
there can be no cyclic motion. We are pro-
posed to realize such the motion mode of the
forming trolley during its displacement from
one extreme position to another, in which there
would be acceleration and braking areas with
minimal dynamic loads and the motion section
at a constant speed.

It is proposed to perform according to the
optimal dynamic motion mode for the smooth
acceleration and braking process of the form-
ing trolley [11, 13]. At the same time, the dis-
placement, and speed of the forming trolley
change smoothly, without creating significant
dynamic loads in the unit, which in turn has a
positive effect on its durability.

The criteria for the motion mode of mecha-
nisms and machines can be coefficients of the
motion unevenness and a dynamism [11-13].
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
combined dynamic motion mode will be:

Y
ly = [V dt—min, (1)
0
where t — time; t; — duration of the trolley

motion from one extreme position to another;
V — acceleration «energy» of:

1 »)
V==-m-X°, 2
2mx (2)
22

where m — mass of the forming trolley; X —
acceleration of the forming trolley.

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

— —=0, (3)

where x, X — coordinate of the displacement
and speed respectively.
We can write from expression (3):

N _N
ox  ox
oV
—=m-X; 4
OxX “)
d? ov v
— " —m-x =0.
dt? oxX

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

v
X =0;

X:%-Cl-t2+C2-t+C3; (5)

X=Cp; %=C-t+Cy;

X:%‘Cl'tS'F%'Cz'tz +C3‘t+C4,

where:
Ci, C,, G4, C, is constant integrations under
boundary conditions.

The boundary conditions for the accelera-
tion area of the forming trolley from the rest
moment to the exit in the steady motion mode:
t=0: x=0, x=0 and t=t,: X=X, X=0.

Here t, — the acceleration duration of the

forming trolley from the rest moment to the
exit in the steady motion mode; X,, — the trol-

ley speed in the steady mode.
We get, if the boundary conditions substi-
tute into equation (5):

t=0: C,=0; C3=0; (6)
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1 2 -
Eclta +C2ta+C3 :Xy,

t=t,: (7)

Cl'ta +C2 :0.

We obtain C; and C, constant integrations
after solving the equations system (7):

X X
C=-22; Cy=2.-L. (8)
t2 ty

We obtain expressions to determine the
kinematic characteristics of the forming trolley
during acceleration from the rest moment to
the exit in the steady motion mode if deter-
mined constant integrations (6) and (8) substi-
tute into equation (5):

N S SN
[rzt‘}
2 (9)
t 1
Xg==2-X,"| 5—— |
y(ti taj
xa:—2~xy'12,
ta

where Xy, — coordinate of the initial position

for the trolley mass center during acceleration.

The coordinates of displacement, speed, ac-
celeration, and jerk of the mass center for the
forming trolley in the steady motion mode are
described by the equations [13]:

(%, — %0, )t
X, = Xo, +t—;
y
X1, — X
X, = (ly—Oy) = const ; (10)
t
p
X,=0; X,=0,
where:
Xo, and X, — coordinates of the initial and

final positions for the trolley mass center in the
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steady motion mode; t, — duration of steady

motion.
The boundary conditions for the braking ar-
ea of the forming trolley are as follows: t=0:

X=X,, X=0 1a t=t;: X=Xy, X=0. Here

t, — the braking duration from the moment of
steady motion to the complete stop; xq, — final

coordinate of the braking process.
We get, if the boundary conditions substi-
tute into equation (5):

t:O C3:Xy; CZZO; (11)
1 3, .
t:tb: 1 (12)
2 .
E‘Cl'tb +Xy =0.

We obtain C; and C, constant integrations
after solving the equations system (12):

C ——2-X—y' Cy =X —g)'( -t,. (13)
1 tg ’ 4 1b 3 y bt
We obtain expressions to determine the
kinematic characteristics of the forming trolley
in the braking from the moment of steady mo-
tion to the complete stop if determined con-
stant integrations (11) and (13) substitute into

equation (5):

. o (t?

A i (14)
t

Xy ==2-X, - —=;

b y tg

Xb :—Z'Xy'iz.
t

The coordinate of the initial position for the
trolley mass center during acceleration Xgp,
and the final coordinate of the braking process
Xy, correspond to its extreme positions in ex-
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pressions (9), (10), and (14). But the move-
ment speed of the forming trolley X, in the

steady mode, and the coordinates of the initial
Xo, and final x;, positions for the trolley
mass center in steady motion are unknown.
Let’s divide the displacement of the form-
ing trolley from one extreme position to an-
other into three areas: 1 — acceleration section,
displacement corresponds to it S, ; 2 — section
of steady motion, displacement corresponds to
it S, ; 3 — braking area, displacement corre-

sponds to it Sy, . The displacement expressions

on each section, into account of dependencies
(9), (10) and (14), can be given in the form:

t2
0 0 a a
t, (15)
=X i_i _EX t
"l 32), 37
t,
syzgxymzquyzxygg (16)

(17)

Then the expression of the general motion
for the forming trolley can be written:

S=5a+5,+5,=

2 . ) 2 .
. (2 2
:Xy (gta +ty+§'tbj.

To ensure the compaction of the concrete
mixture by the forming trolley with constant
movement speed over most of its working
stroke, we will take the steady motion time, for

24

example, t, :g-t,, where t; — the movement

total time of the forming trolley from one ex-
treme position to another. Then they can be
determined by the corresponding expressions,
given the condition of equal acceleration and
deceleration time: t, :%-tt and t, :%-tt.

o 1 2 1
Substituting t, ==-t,, t, ==-t,, t, ==
gt 6 tr by 3 tr ' 6

and the displacement amplitude of the trolley
from one extreme position to another Ax =S

in expression (18), we obtain:

.tt

AX:Xy (zltt+gtt +z.1.tlJ:
36 3 36
(19)
8%t = x=-2A
9 Yoogt

We can determine the position coordinate
of the forming trolley that determines the end
of the acceleration section and the start of the

steady motion section X,, from expressions
(15) and (19):

2 )
XOy :g'xy'ta :_—_tt :—'AX, (20)

and we can determine the coordinate that de-
termines the end of the steady motion section

X, and the start of the braking section from

expressions (16), (19) and (20):

X1y :x0y+)'<y-ty =
. 21
ZE'AX—FQ AX.E.L[:Z.AX. ( )
8 8t 3 ' 8

We present the kinematic characteristics of
the forming trolley in the areas of acceleration,
steady motion and braking, substituting ex-
pressions (19)...(21) into equations (9), (10)

and (14), and assuming ta:%'ttv tyzg-tt,
1

t, =—=-1:

b =gt
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27 2
Xq =—AX- 1—2-l t_2
4 )t
X ZE.A)(. 1_31 .L;
a2 t, ) t2
t (22)
27
Xy = —-AX- 1—6-l -
2 )t
xa_—81-Ax-£3;
t;
1
X, == AX- 9~£+1 ;
8 t;
9.AXx
X, = =const; (23)
8'tt
>'<'y:0; '>'<'y=o;
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Fig. 1. Change graphs in displacement (a), speed (b),
dynamic motion mode of the forming trolley

We built change graphs in displacement
(Fig. 1, a), speed (Fig. 1, b), acceleration (Fig.
1, ¢), and jerk (second-order acceleration)
(Fig. 1, d) on the calculation results during the
trolley motion from one extreme position to
another.
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3
xb:Ax—g-Ax- 12-t—3—£+1 ;
8 A
9 1 t?
Xo == AX:| ==36-—= |; 24
sy 0
X’b:—81-Ax-£3; ')'('b:—81-Ax-£3.

t tt

The kinematic characteristics of the com-
bined dynamic motion mode for the forming
trolley were calculated when we have given
the displacement amplitude of the forming
trolley Ax=0,4 m and the total time t, =3 s of
its movement from one extreme position to
another on expressions (22)...(24).
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acceleration (c) and jerk (d) during the combined

The motion law of the forming trolley, de-
scribed by equations (22)...(24), can be real-
ized by driving from the high-torque stepper
motor, which is mounted in the compaction
rollers. Herewith, the variation law of the an-
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gular velocity for the drive stepper motor is
described by equations:
— in the acceleration section

; (26)

— in the braking area

19 1 t?
D= ——-AX:| =—36-— |, 27

where R —radius of compaction rollers.

We obtain the variation law in the angular
velocity of the drive stepper motor during the
movement of the forming trolley from one
extreme position to another, taking the accel-

eration time of the forming trolley t, :%-tt,
the time of steady motion — t, :g-t, and the

braking time — t, :%-tt :

oo 27-AX_(1_3_£JL ogts%tt /(28)

2R t) t2
9-Ax 1 5
p= , = <t<—t; 29
¢ 8-R-t, 6t 6t (29)
2
(p:%.{;_%(t_gttJ 1}
gtt<t£tt.

The variation law of the angular velocity
for the drive stepper motor is determined dur-
ing the forming trolley motion in the reverse
direction similarly:

26

. 27-Ax‘[3.(t—tt)_l)(t—tt)

7

9. AX 7 11
D=— , =t <t<=t 32
b= gry ot T 2

2
o= X, 36’(t_Ettj L1
8-R 6') 3t
t (33)
%tt<t£2tt.

The unit design with the drive mechanism
from the high-torque stepper motor is propo-
sed to ensure the combined dynamic mode of
reciprocating motion for the forming trolley to
reduce the unit elements’ dynamic loads and
increase its reliability (Fig. 2).

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 [14].

The surface quality of the processed con-
crete mixture is increased, dynamic loads in
the drive mechanism elements are reduced,
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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
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 combined dynamic mode of the recip-
rocating motion for the forming trolley was
calculated as the research result, which was
carried out to increase the reliability and dura-
bility of the roller forming unit. The trolley
kinematic characteristics during the combined
dynamic 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
combined dynamic 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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Peasizanisgs koMO0IHOBaHOT0 ITMHAMIYHOIO
PeXUMY PyXy POJHMKOBOI GOpMYyBaIbLHOL
YCTAHOBKH

Bauecnas Jloseiikin®, Kocmaumun Touxad?,
Maxcum Banaxa®, Onvea Houxa®

‘Hayionanvnuii ynieepcumem biopecypcie i
npupodoxopucmyeants Ykpainu,
234 Kuigcoruil nayionanshuil ynisepcumem
0yOisHuYymea i apximexkmypu

AHoTamig. 3 METOI0 MiABMINEHHS HaIINHOCTI
Ta JOBTOBIYHOCTI POJIMKOBOI (hOpMyBallbHOI yCTa-
HOBKM PO3PaxOBaHO KOMOIHOBaHWH IWHAMIYHUN
PEXUM 3BOPOTHO-IIOCTYIAIBHOTO PyXy (hopmyBa-
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npHOrO Bi3Ka. I[lpm po3paxyHKy KOMOIHOBaHOTO
TUHAMIYHOTO PEXUMY PyXy (OpMyBaFHOTO Bi3Ka
Ha JUIAHKAaX PO3rOHY Ta TalbMyBAaHHA B SKOCTI
KPUTEPIIO PEKUMY PYXYy BHKOPHCTaHa KpHTepia-
JIbHA TS, SIKa SBIIIE COOOIO IHTErpall 3a 4acoM 3
MiTIHTETPaTFHOIO (YHKITIEI0, M0 BUPAXAE «EHep-
riro» TpucKopeHb. Po3paxoBaHO ¢yHKLIT 3MiHH
KIHEMaTHUYHHUX XapaKTePHCTHK (POopMyBaIbHOTO
Bi3Ka MmiJ 9ac WOro PyXy BiI OAHOTO KpaitHBOTO
MOJIOXKEHHS JI0 1HILIOro, SIKl BIANOBIIAIOTh KOMOI-
HOBaHOMY JAWHAMIYHOMY pEXHMY 3BOPOTHO-
nocrynansHoro pyxy. Ilpu Takomy pexumi pyxy
MIepeMIIeHHs Ta MBUAKICTh (OPMYBaIHHOTO Bi3Ka
Ha IUISTHKaX PO3TOHY Ta rajlbMyBaHHs 3MiHIOIOTh-
sl TJIaBHO, HE CTBOPIOIOYM 3HAYHHMX TUHAMIYHUX
HaBaHTAXXCHb B YCTAHOBI, 110 B CBOIO Yepry Io-
3UTUBHO BIUIMBAE Ha il JOBrOBIYHICTE.

I3 BpaxyBaHHSIM (QYHKUIA 3MIHM IIBHUAKOCTI
(hopMyBaIIEHOTO Bi3Ka PO3pPaxOBaHO 3aKOH 3MiHU
KYTOBOI IBHIKOCTI OOEpTaHHS HOTO YKOYyBalb-
HUX POJIHMKIB. 3alIPOIIOHOBAHO KOHCTPYKILIO POJIU-
KOBO1 (hOpMYyBaIIbHOI YCTaHOBKH 3 TIPHUBOJOM BiJl
BHCOKOMOMEHTHOT'O KPOKOBOT'O JIBUTYHA, LII0 BMO-
HTOBaHHWI B YKOUYBaJbHI POJIUKH (POPMYBaIHLHOTO
Bi3ka 1 3a0e3meuye KOMOIHOBAaHMN JTUHAMIUHUI
PEXUM 3BOPOTHO-TIOCTYNAIBHOIO pPyXy (hopmysa-
nmpHOTO Bi3Ka. [Ipu 3acTocyBaHHI B yCTaHOBII BKa-
3aHOTO TPUBOMY MiABHIIYETHCS SIKICTh MOBEPXHI
00po0OoBaHOT OETOHHOI CyMIllli, 3MEHIIYIOTHCS
JUHAMI4HI HAaBaHTQKEHHS B €JIEMEHTaX HPUBOJHO-
ro MEXaHi3My, 3HUKAIOTh 3aiiBi pyHHIBHI HaBaHTa-
JKEHHS Ha paMHY KOHCTPYKIIIO i, BiJIMOBiTHO, Tij-
BHIIYETHCS HAIINHICTh Ta IOBTOBIYHICTH YCTaHOB-
KH B IIJIOMY.

Pesynpratn pobGOTH MOXYTh B MOJANBIIOMY
OyTH KOPHCHUMHM JUIsI YTOYHEHHS Ta YHOCKOHA-
JIEHHS ICHYIOUMX IHXKEHEPHUX METOJiB PO3paxyH-
Ky TPHUBOJHHX MEXaHI3MIiB MAaIlllMH POJIHUKOBOTO
(bopMyBaHHS SIK Ha CTAMisX MPOEKTYBaHHS / KOHC-
TPYIOBaHHS, TaK 1 B PeXHMax PeanbHOI eKCIUTya-
tamii. Takox pe3ynbTaTd poOOTH MOXYTh OYyTH
KOPUCHHUMHU TIPU IPOEKTYBAHHI a00 y/I0CKOHAJICHHI
MEXaHi3MIB 13 3BOPOTHO-TIOCTYNAIBHAM PYXOM
BUKOHABYHX €JIECMEHTIB.

KarouoBi cioBa: ycraHoBka, (opMyBanbHUN
Bi30K, PEXHUM PYXY, IPUBOA, NEPEMiILlEHHS], IIBHI-
KiCTb, TPUCKOPEHHSI, KPOKOBHI IBUTYH.
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