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Summary. For the purpose of increase in reliability
and durability of roller forming installation the optimum
mode of back and forth motion of the forming cart on
acceleration of the fourth order is calculated. Kinematic
characteristics of the forming cart at the optimum mode of
the movement on acceleration of the fourth order are cal-
culated. The design of roller forming installation with the
drive from the high-moment step engine which is built in
the rolling rollers of the forming cart is offered and pro-
vides the optimum mode of back and forth motion of the
forming cart on acceleration of the fourth order. Use in
installation of the specified driving mechanism leads to
improvement of quality of a surface to the processed con-
crete mix, reduction of dynamic loadings in elements of
the driving mechanism, to disappearance of excess de-
structive loads of a frame design and, respectively, to in-
crease in reliability and durability of installation in gen-
eral. As a result of the conducted researches for the pur-
pose of increase in reliability and durability of roller
forming installation the optimum mode of back and forth
motion of the forming cart on acceleration of the fourth
order is calculated.

Kinematic characteristics of the forming cart at the
optimum mode of back and forth motion on acceleration
of the fourth order are calculated.

The design of roller forming installation with the
drive from the high-moment step engine which is built in
the rolling rollers of the forming cart with a possibility of
realization of the optimum mode of back and forth motion
on acceleration of the fourth order is offered.

The design of the drive of installation in a type of the
cam mechanism is offered and the cam profile for provid-
ing the optimum mode of back and forth motion of the
forming cart on acceleration of the fourth order is con-
structed.

Results of work can be used further for specification
and improvement of the existing engineering methods of
calculation of driving mechanisms of cars of roller for-
mation both at design/designing stages, and in the modes
of real operation. Also results of work can be useful at
design or improvement of mechanisms with back and
forth motion of executive elements.

Key words: roller forming installation, mode of
movement, step engine, drive.

INTRODUCTION

In the existing installations of superficial consolida-
tion of concrete goods the crank ram or hydraulic drive of
back and forth motion of the forming cart with the con-
densing rollers is used [1-3]. During the constant starting
and brake modes of the movement there are considerable
dynamic loadings in elements of the driving mechanism
and in elements of the forming cart which can lead to
premature getting out of installation of the working condi-
tion.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

In the existing theoretical and pilot studies of cars of
roller formation of concrete goods it is proved their de-
sign data and efficiency [1-3]. At the same time not
enough attention is paid to a research to the operating
dynamic loadings and the modes of the movement that
considerably influences work of installation and quality of
finished goods [4-19]. During the constant starting and
brake modes of the movement there are considerable dy-
namic loadings in elements of the driving mechanism and
in elements of the forming cart that can lead to premature
getting out of installation of the working condition [4-19].
In work [20] optimization of the dynamic mode of a re-
versal of roller forming installation is carried out. Howev-
er in such mode acceleration and acceleration of the sec-
ond order (breakthrough) of the cart are of great im-
portance in his extreme provisions. By optimization of the
breakthrough mode of a reversal of installation [21] ac-
celeration of the cart in extreme provisions changes
smoothly, however the breakthrough changes sharply and
is of rather great importance. Optimization of the mode of
a reversal of roller forming installation on acceleration of
the third about [22, 23] leads to the fact that in extreme
provisions of the cart acceleration and breakthrough
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change smoothly, however acceleration of the third order
at the same time is of rather great importance and changes
sharply from zero to the maximum value. Therefore ur-
gent there is a problem of improvement of the driving
mechanism of roller forming installation for the purpose
of providing such mode of the movement of the forming
cart at which dynamic loadings in elements of installation
would decrease and its durability increased.

OBJECTIVE

The purpose of work consists in improvement of a
design of the driving mechanism of roller forming instal-
lation for increase in her reliability and durability.

THE MAIN RESULTS OF THE RESEARCH

Coefficients of unevenness of the movement and dy-
namism can be criteria of the mode of the movement of
mechanisms and cars [24]. In this work as criterion of the
mode of the movement the criteria action which is inte-
gral on time with sub integral function which expresses a
measure of the movement or action of system is used. For
the optimum mode of the movement on acceleration of
the fourth order we will have criterion of an optimality of
the movement in a look:
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where: t — time; t; — duration of the movement of the

cart from one extreme situation in another; Q — energy
of accelerations of the fourth order:
\Y
2
Q=--m-x )
\Y

where: m — mass of the forming cart; X — acceleration
of the fourth order.

Poisson's equation is a condition of a minimum of
criterion (1):
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where: X, X, X, X, X — movement coordinate, speed,
acceleration, acceleration of the second order and acceler-
ation of the third order of the cart respectively.

From expression (3) it is possible to write down:
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From the last equation (4) we receive the differential
equation and its decisions:
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where: Cl’ C2, C3, C4, C5, CG' C7, C8’ Cg, ClO
— integration constants which are defined from boundary
conditions.

Boundary traffic conditions of the cart from one ex-
treme situation in another the following: entry conditions
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\Y
-1t=0, x=Xp, X=0, X=0, X=0, x =0; final
conditions - t=ty, Xx=0, X=0, X¥=0,

v
X =0. Here Xg and X; — coordinates of extreme pro-

visions of the center of mass of the cart. Having substitut-
ed boundary conditions in the equations (5), we receive:
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Having solved system of the equations (7), we re-
ceive integration constants C;, C,, C3, C4 and Cg:
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We will accept amplitude of movement of the form-
ing cart AX=X; — Xg. Having substituted certain con-

stants of integration (6) and (8) in the equations (5) we
receive expressions for definition of kinematic character-
istics of the forming cart when moving from one extreme
situation to another at the optimum mode of back and
forth motion on acceleration of the fourth order:
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Having accepted amplitude of movement of the form-
ing cart AX=0,4m and duration of the movement of the

forming cart from one extreme situation to another
t; =3s, on the equations (9) kinematic characteristics of

the forming cart at the optimum mode of back and forth
motion on acceleration of the fourth order have been cal-
culated. By results of calculations schedules of the opti-
mum mode on acceleration of the fourth order of change
of movement (Fig. 1, a), speeds (Fig. 1, b), accelerations
(Fig. 1, c), accelerations of the second order (Fig. 1, d),
accelerations of the third order (Fig. 1, e), accelerations of
the fourth order are constructed (Fig. 1, f) at the move-
ment of the forming cart of one extreme situation in an-
other.

The law of the movement of the cart described by the
equations (9) can be carried out by the drive from the
high-moment step engine which is built in the rolling roll-
ers of the forming cart of installation. At the same time
the law of change of angular speed of the driving step
engine is described by the equation:
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Fig. 1. Schedules of change of movement — a, speed — b, acceleration — ¢, accelerations of the second order — d, accel-
erations of the third order — e and accelerations of the fourth order — f.
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For the purpose of reduction of dynamic loadings in
elements of installation and for increase in her reliability
the design of roller forming installation with the drive
from the high-moment step engine for ensuring back and
forth motion of the forming cart with the optimum break-
through mode of a reversal (Fig. 2) is offered. Installation
consists from the forming cart 1 which is mounted on the
portal 2 and carries out back and forth motion in guides 3
over emptiness of a form 4. The forming cart contains the
giving bunker 5 and the rolling rollers 6 on axis 7.

The cart is set in back and forth motion by means of
the high-moment step engine which is built in rollers, and
the axis of a roller plays a stator role, and a roller — a rotor
[25].

Transforming the first expression (9) for a case when
the beginning of coordinates is counted from the average
provision of his movement, we will receive:
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The law of the movement of the cart described by the
equation (12) can be carried out by the drive with the cam
mechanism (fig. 3) of back and forth motion of the cart.
At the same time the movement of the cart in one direc-
tion is carried out due to turn of a cam 1 on a half of a
turn (that is ¢ = 77 ) and in the returnable direction on a

half of a turn; a full motion cycle of the cart — for one turn
of a cam. It is necessary for implementation of the de-
scribed law of the movement of the cart that the increment
of radius of a cam corresponded to an increment to
movement of the cart. According to it the variable radius
of a cam is defined by dependence:
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where: b — distance between pushers 2 (Fig. 3).

)
N
Fig. 3. The scheme of the mechanism with the cam drive
of back and forth motion of the cart.

Time t can be excluded from dependence (13) as

A _ - i
t o and t A) Here ¢ — angular coordinate of

turn of a cam, and ® - angular speed of a cam. After the
corresponding transformations the radius of a cam which
describes his profile contacts angular coordinate the fol-
lowing expression:
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Similarly the cam profile on the site of his turn from
1 to 2m which is described by the radius changing on
dependence is defined:
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For prevention of blows of a cam about pushers at
change of the direction of the movement of the cart (14)
and (15) profile of a cam (fig. 4) described by the equa-
tions have such appearance that its diameter the d con-
stant and is equal to distance between pushers b (d =b)
in any situation.

Fig. 4. The cam profile realizing the optimum mode of the
movement on acceleration of the fourth order
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For the purpose of reduction of dynamic loadings in
elements of installation and for increase in her reliability
it is offered an installation design with the driving mecha-
nism for providing the optimum mode of back and forth
motion of the forming cart on acceleration of the fourth
order (Fig. 5). The driving mechanism is executed in the
form of pivotally the cam mechanisms installed on the
portal which contact to the pushers which are rigidly at-
tached to the forming cart.

Installation contains 1 forming cart 2 mounted on the
motionless portal which contains in itself the giving bun-
ker 3 and the rolling rollers 4 and carries out reciprocating
the movement in guides 5 over emptiness of a form 6
[26]. The cart is set in motion by means of two drives 7
attached to the portal 1 in the form of the cam mecha-
nisms rotating with a constant angular speed
(w=-const), but different in the direction and contact to
two pushers 8 which are rigidly connected to a cart 2
frame. Existence of two pushers 8 from each party of the
forming cart 2 allows to create a rigid power chain at her
direct and returnable movement.

2\

R

Fig. 5. Roller forming installation with the cam driving
mechanism.

When using in installation of the drive from the high-
moment step engine which is built in the rolling rollers
which law of change of angular speed is described by the
equations given above quality of the processed concrete
mix increases, dynamic loadings in drive elements de-
crease, excess destructive loads of a frame design de-
crease and, respectively, durability of installation in gen-
eral increases.

When using in installation of the cam driving mecha-
nism from each party of the forming cart the possibility of
her axial distortion is prevented, the quality of the pro-
cessed concrete mix increases, dynamic loadings in drive
elements decrease, excess destructive loads of a frame
design decrease and, respectively, the durability of instal-
lation in general increases.

CONCLUSIONS

1. As result of conducted researches for purpose of
increase in reliability and durability of roller forming in-
stallation optimum mode of back and forth motion of the
forming cart on acceleration of fourth order is calculated.

2. Kinematic characteristics of the forming cart at the
optimum mode of back and forth motion on acceleration
of the fourth order are calculated.

3. The design of roller forming installation with the
drive from the high-moment step engine which is built in
the rolling rollers of the forming cart with a possibility of
realization of the optimum mode of back and forth motion
on acceleration of the fourth order is offered.

4. The design of the drive of installation in a type of
the cam mechanism is offered and the cam profile for
providing the optimum mode of back and forth motion of
the forming cart on acceleration of the fourth order is con-
structed.

5. Results of work can be used further for specifica-
tion and improvement of the existing engineering meth-
ods of calculation of driving mechanisms of cars of roller
formation both at design/designing stages, and in the
modes of real operation. Also results of work can be use-
ful at design or improvement of mechanisms with back
and forth motion of executive elements.
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PEAJIM3ALIMS OIITUMAJIBHOI'O PEXKUMA
[IEPEJIBIKEHUS POJIMKOBOM ®OPMOBOYHOM
YCTAHOBKH HA YCKOPEHWE YETBEPTOI'O
MOPSIIKA

AHHoTanus. B 1ensx yBenuueHHs HAAEKHOCTH U
JIOJITOBEYHOCTH POJIMKAa (OPMHUPYS YCTAHOBKHM ONTHMa-
JBHOTO PEeXMMa JIBWKEHHs BIEpe] U Ha3ax B (HOpMYyro-
Il TENeXKKM HAa pasroH  YETBEPTOrO  IOpsaKa
paccuntbiBaercs. KunemaTnieckue xapakTepucTHKH (o-
PMHUpYs KOp3HHY IPH ONTHUMAIbHOM PEXUME JBUKECHUS
Ha YCKOPEHHE 4YETBEPTOTrO0 MOPSAKA PACCUUTBIBAIOTCS.
Jlu3aiiH posimkoBble (pOPMOBOUYHBIE YCTAaHOBKU C NPHUBO-
JIOM OT BBICOKOIO MOMEHTa IIaroBOr0 JIBUTATENs, KO-
TOPBIIl IOCTPOEH Ha MPOKATHBIX POJIMKOB, 00pa3yIoIInX
TEJIC)KKY M 00ecIieunBaeT ONTHUMAIBHBIH PEXHUM JBIIKE-
HUS BIepen W Hazan (opMyromeil Tele)XKH Ha pasroH
YETBEPTOTo nopsiika. Mcnonb30BaHue B YCTAHOBKE YKa-
3aHHOTO TPHBOJHOTO MEXaHMW3Ma IPHUBOAWT K YIIydIle-
HHUIO Ka4eCTBa MOBEPXHOCTH 0OpabaThiBaeMOl OETOHHOM
CMECH, CHIDKCHHE AMHAMHUYECKUX HArpy30K B 3JIEMEHTaX
IIPUBOJHOTO MEXaHM3Ma, K MCYE3HOBEHMIO JIMIIHETO pa-
3pYLIUTENbHBIX HArpy30K KOHCTPYKIMS paMbl M, COO-
TBETCTBEHHO, YBEJIMYUTh HAJEKHOCTb U JOITOBEYHOCTh
YCTaHOBKH B LIeJIOM. B pe3ynbTare mpoBeleHHBIX UCCIIe-
JIOBAaHUH B LENIAX YBEIMYEHUS HAAEKHOCTH U JOITOBEU-
HOCTH POJIMKOBBIE (DOPMOBOYHBIE YCTaHOBKH ONTHMAaJIb-
HOTO pEeXXHUMa ABWXXEHHsI BIlepea U Ha3aa B GopMyronien
TENEKKH Ha Pa3rOH YETBEPTOTO MOPSJIKA PACCUUTHIBAC-
TCSL.

KunemaTtndeckne xapakTepHCTHKH (HOPMHPYST KOp-
3WHY B ONTUMAJIbHBINA PEXHUM IBIMKEHHs BIIEPE] W Ha3ajl
Ha YCKOpPEHHE YE€TBEPTOrO MOPAAKA PACCUUTHIBAIOTCS.

Juzaiin  poskoBble (DOPMOBOYHBIE YCTAHOBKH C
IIPUBO/IOM OT BBICOKOTO MOMEHTa IIIaroBOTO JBHIATENs,
KOTOPBIH IMOCTPOEH Ha IPOKATHBIX POJIMKOB, 00pazyro-
LIUX TEJIEKKY C BO3MOXKHOCTBIO PEaau3alud ONTHUMAaJlb-
HOTO peXHUMa JBHKEHHUS BIIepel M Ha3aJ Ha YCKOpEHHE
YETBEPTOTO MOPSAKA IPEAJIAracTcs.

IIpoexTupoBanue NpUBOAa YCTAHOBKU B BHJE Kyllad-
KOBOTO MEXaHHM3Ma M MPOQHIIst KyJlauka Uit 00ecIieueHHs
ONTUMAJIBHOTO PEXHMa ABHMKEHHs BIEpe] W Hazaja IpH
(hOpMHPOBaHUM KOP3MHBI HA YCKOPEHHE YETBEPTOTO IO-
psAKa CTPOMUTCS.

PesynbraTel paboThl B JaibHEHIIEM MOTYT OBITH HC-
MIOJIF30BAHBI I YTOYHEHUS M COBEPIICHCTBOBAHHS CY-
IIECTBYIOIIUX WH)KEHEPHBIX METOJOB pacueTa NPHBOIA
MEXaHM3MOB MallliH (OPMHUPOBAHUS POJIMKA KaK Ha M-
3aifH/?Tanax NPOEKTHPOBAHUS, U B PEXKHUMAX peajbHOU
JKCIDTyaTanuu. Taxke pe3ynbTaThl padOThl MOTYT OBITH
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MOJIE3HBI TIPH MPOCKTHPOBAHWUHM WM YCOBEPIICHCTBOBA-
HUM MEXaHH3MOB C BO3BPAaTHO-TIOCTYHATEIbHOE IBHIKE-
HHUE WCTIOJTHHUTENBHBIX 3JIEMEHTOB.

KuroueBble c10Ba: porukoBbie YOPMOBOYHEIE YCTa-
HOBKH, PEKUM JBIDKEHUS, 1T IBUTATEIS, TIPUBO/.
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