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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 with a
breakthrough reversal is calculated. Kinematic character-
istics of the forming cart at the optimum breakthrough
mode of a reversal 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 is offered and provides reciprocating the
movements of the forming cart with the optimum break-
through mode of a reversal. Use in installation of the
specified driving mechanism leads to improvement of
quality of a surface to the processed concrete mix, reduc-
tion of dynamic loadings in elements of the driving mech-
anism, to disappearance of excess destructive loads of a
frame design and, respectively, to increase in reliability
and durability of installation in general.

As a result of the conducted researches for the pur-
pose of increase in reliability and durability of roller
forming installation the combined mode of back and forth
motion of the forming cart with the optimum break-
through mode of a reversal is calculated.

Kinematic characteristics of the forming cart are cal-
culated at combined reciprocating the movements of the
forming cart with the optimum breakthrough mode of a
reversal.

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 combined back and forth motion of the
forming cart with the optimum breakthrough mode of a
reversal is offered.

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 the
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

25

condensing rollers is used [1-3]. During the constant start-
ing and brake modes of the movement there are consider-
able dynamic loadings in elements of the driving mecha-
nism and in elements of the forming cart which can lead
to premature getting out of installation of the working
condition.

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]. Therefore urgent 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.

OBJECTIVES

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

For roller forming installation at consolidation of
concrete mix it is desirable to have the constant speed of
back and forth motion of the forming cart on all the site
that positively would influence quality of finished prod-
uct. However in practice such mode of the movement
can't be carried out as in him there are no sites of start-up
and braking without which there can't be a cyclic move-
ment. Therefore it is offered to realize such mode of the
movement of the forming cart at her movement from one
extreme situation to another in which there would be sites
of a reversal with the minimum dynamic loadings and
movement sites with a constant speed.
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For smooth process of a reversal of the forming cart it
is offered to carry out him on the optimum breakthrough
mode of the movement [20]. At the same time the speed
and acceleration of the forming cart change smoothly,
without creating considerable dynamic loadings in instal-
lation that in turn positively influences its durability.

Coefficients of unevenness of the movement and dy-
namism can be criteria of the mode of the movement of
mechanisms and cars [20]. 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 breakthrough mode of a reversal we will
have criterion of an optimality of the movement in a look:

t

.
ly = fW dt—min, 1)
0
where: t — time, t, — reversal duration, W — energy of
breakthroughs:

W:%-m-‘xz, @)

where: m — mass of the forming cart, X — breakthrough
(acceleration of the second order).

Poisson's equation is a condition of a minimum of
criterion (1):
w _dow d®ow d’ow _

ox dt ox  gt2 X  gt3 oKX

where: X, X, X — movement coordinate, speed and ac-
celeration of the cart respectively.

From expression (3) it is possible to write down:

W _ow _ow _ . ow

0, ©

—=—=0; —=m-X;
OX OX oX oX
d3 aw Vi @
———=m-x=0.
dt3 oX

From the last equation (4) we receive the differential
equation and its decisions:
Vi V v
X=0; x=Cq; x=Ci-t+Cy;

'X':%-Cl-t2+02-t+C3;

g=1.c, 34 1.cpt24Ch-t+Cy;
6 2
o1 4 1 3 1 2
X=—:C-t"+=-Cr-t°+=-C5-t°+ (5
a1 5 2 > 3 ()
+Cy-t+Cs;
x=i-C1-t5+i-CZ-t4+l-Cg-t3+
120 24 6

+%-C4-t2+C5-t+CG,

where: C;, Cy, C3, C4, Cg, Cg — integration con-
stants which are defined from boundary conditions.

We will divide process of a reversal into two stages:
braking and start-up.

When braking by entry conditions is: t=0:
X=-X1, X=Xo, X=0. Final conditions when braking:
t=t,: x=0, x=0, X=0. Here X; — the coordinate
of the beginning of process of braking, X, — speed of the
movement of the cart on established the mode prior to
braking.

At start-up by entry conditions is: t=0: x=0,
X=0, X=0. Final conditions at start-up: t=tg:
X==X1, X=—Xo, X=0.

We will consider braking process. Having substituted

boundary conditions of braking in the equations (5), we
receive:

t=0: Cg=—%; Ng=%; Ny=0; (6)

1 5 1 4
—Ci -ty +—-Cy -ty +
120 10T g 2
+%-C3'tg+>‘<e.tb—x1=0;
1 4 1 3 1 2
t=t, <—-C; -t +=-Co-tpg +=-Co-t5 + (7
b5 “r bt o el (7)

+Xe =0;

%-Cl~tg+%~C2-t§+C3~tb:O.

Having solved system of the equations (7), we re-
ceive integration constants C;, C, and Cj:

360-(2-:1—5(9}
C = b

®)

After substitution of certain constants of integration
(6) and (8) in system of the equations (5) we receive func-
tion of change of breakthrough of the forming cart in the

course of braking from the established speed X, to a full

stop:
X1 t2
X =180+ 2- 22— ¥ |-, +
tb ty
+24-(8->‘<e—15-ﬁ)%+ ©)
ty tb
+12.(5.ﬁ—3.xe)i2
tb tb
or
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B 2
15-(2.ﬁ—xej-t—2+
tb tb

. (10)

x=22.0,2. 8.5, -15.2 . L
th ) 1

+(5-ﬁ—3->‘(eJ
ty

After that the criterion of an optimality of the move-
ment in the course of braking taking into account expres-
sion (2) and (10) will have an appearance:

ty
b= [X%dt=
2
0
12
2
15-(2 ﬁ—er-t—er
b tb
72.m' X ) t
== I+2-(8-xe—15 —1J.—+ dt= (11)
th o b/
+[5-ﬁ—3-XeJ
t

2
72-m X X . 4 .
— . 5._1_5._1.Xe+_.xg .
3 2 t 3
tb tb b

We will consider start-up process. Having substituted
boundary conditions of start-up in the equations (5), we
receive:

t=0: C4=0; Ng=0; Ng=0; (12
%)~Cl-t§+i-cz-t;‘+
+%-C3-t3=—x1;
t=t: i-cl-t;u%-cz.t& (13)
1

2 .
+—=-C3-t& =—Xg;
2 3°ts (]

%-cl-t§+%-c2-t§+c3-ts=o.

Having solved system of the equations (13), we re-
ceive integration constants C;, C, and Cg:

360-()29 —2-"1]
tS

Cl == y
t§
24-(15 :4—7 : xe]

After substitution of certain constants of integration
(12) and (14) in system of the equations (5) we receive
function of change of breakthrough of the forming cart in
the course of start-up from a condition of rest to an exit to
the set mode of the movement:

2
')'('=180-()’<e —z.ﬁj-t—+

st;1

+24-[15.ﬁ—7-xej-l3+ (15)
s tg
+12-(2.xe—5-ﬁ]i2
ts ) tg
or
.
15-[xe—2-ﬁ}t—2+
s ) tg
x=% +2-(15-ﬁ—7-xej-i+ (16)
ts ts ts
+(2-xe—5-ﬁj
tS

After that the criterion of an optimality of the move-
ment in the course of start-up taking into account expres-
sion (2) and (16) will have an appearance:

tS
|Ws:%' IXZ dt=

0
12
2
15-(xe—2-ﬁ}t—2
ts ) tg
S
=72m-j 21582 7.5, | ~+| dt=(7)
t4 tg s
S 0
+(2-xe—5-ﬁJ
tS
72-m x12 X , 4 .2_
= 3 . 5_2_ ._.Xe+_.xe .
2 2 s

The general criterion of an optimality of the move-
ment in the course of a reversal (11) and (17) will be de-
fined with expressions by the following expression:

lw =lwp+ lws=

2
:72 m. 5X_1_5ﬁx +£.)’(2 + (18)
3 2 (<] €
tb tb tb 3 |
2
723m. 5.X_é_5.ﬁ.xe+ﬂ.xez _
ts ts ts 3

Having accept(_ad equality of duration of b;aking of
the cart and its start-up t, =t5 =1t;, expression (18) can
be given in the following look:

2
Iy :1443m. 5_%_5,ﬁ.xe+f.x§ . (19)
tl t]_ 1:1 3
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For ensuring performance of inequality (1) it is nec-
essary to satisfy a condition:

2X—Wm—sm{1°—%5r}
t t
1 1 1 1 20)
=720.m{2.ﬁ_xe}=0.
4
t]_ tl

From expression (20) it is possible to receive:
X
2.2

. 1 .
——X=0 = X==-%X-4{. (21)
ty 2

Having substituted the second expression (21) in
equalities (6) and (8) integration constants in the course of

braking of the forming cart are received:

C1=0, Cp=12."¢, Cy=-6-"%,
a 4 (22)

After that taking into account constants of integration
(22) functions of change of movement, speed, accelera-
tion and breakthrough of the forming cart in the course of
braking are received:

4 3

t t
3 2
e 3 2
ty ty

2
. . t U] o s t 1
x:6'xe-£—t3——t2} x—6'xe-[2«—t3——t2}
1 1 1 1

Having substituted the second expression (21) in
equalities (12) and (14) integration constants in the course
of launch of the forming cart are received:

C =0, 02:12.X_§, cgz_e.x_g,
tf t/ 24)
N4=O, N5=O, C6=0-

After that taking into account constants of integration
(24) functions of change of movement, speed, accelera-
tion and breakthrough of the forming cart in the course of
start-up are received:

4 3 3 2
x=£>‘<e t——2t— ;o X=Xe 2t——3t— ;
2 Tl P 3 t?
1 1 1 1 (25)
2
ook xoonfzg-t]
LS ] vty

On the set mode of the movement of the forming cart
the coordinate of movement, speed, acceleration and
breakthrough of her center of masses are described by the
equations [20]:

K= xg, + e ~%0e)t.
e
X:wzconst; (26)
te
Xx=0; X=0,

28

where: Xge and X — coordinates of initial and final
provisions of the center of mass of the cart at the estab-
lished movement, t, — duration of the established move-

ment.
In expressions (26) we accept the coordinate of initial
position of the center of mass of the cart at the established

movement Xge equal X;. Then, having accepted ampli-

tude of movement of the cart from one extreme situation
in another AXx, the final coordinate of position of the cen-
ter of mass of the cart at the established movement can be
determined Xpo = AX — X1 .
Having substituted the received coordinates Xge and
X1e in the second expression (26) dependence for deter-
mination of speed of the movement of the cart on the es-
tablished movement is received X :
AX—2-% AX—Xg-t . AX
= L= e Ly, = (27)
te te e Tl
Having accepted the general time of the movement of
the forming cart from one extreme situation in another

tg , he can be divided into three parts: starting time — tg,

e

time of the established movement — t,, braking time —

ty . For ensuring consolidation of concrete mix with the
forming cart with a constant speed of the movement on
the majority of her working course we will accept time of
the established movement, for example, tg _é ty.

Then, having set by a condition of equality of time of
start-up and braking, they can be determined by corre-

sponding expressions: tg =t, =1t =% g
After this expression of speed of the movement of the
cart on the established movement and coordinates X; will
have an appearance:
. 6-Ax AX
Xe = =—.
5-tg 10
Considering the movement of the forming cart from
one extreme situation in another and having substituted
expressions (28) in equalities (23), (25) and (26), we re-
ceive functions of change of movement, speed, accelera-

tion and breakthrough of the forming cart
— on the site of start-up:

, X1 (28)

L_216-ax |0 ot
== 5 |3 Yaf
5 ty tg
648- Ax | t? t3
= N R/
5 t3 t4
g g
(29)
. 1296- Ax t2 ¢
X:T. 6._4__3 :
tg 1y
.).(.:129§~Ax. %_12.%,
ty tg
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— on the site of the established movement:

_ Ax 6-Ax-t_ . 6-AX .
, X= =const,
T10 0 5 5-t,
X=0; =0;
— on the site of braking:
4 3
_3 M 1916 ——72t— 2-ti+g;
tg tg g
3 2
=65AX 432-1_-108. t—+ti; (31)
tg ty g
1296-Ax | t? t
S e L,
° g 1
e [, t 1)
5 td 3
g U

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
'[g =3s, on the equations (29)-(31) kinematic character-

istics have been calculated and schedules of change of
movement (Fig. 1, a), speeds (Fig. 1, b), accelerations
(Fig. 1, c) and breakthrough are constructed (Fig. 1, d) at
the movement of the forming cart from one extreme situa-
tion to another and in the opposite direction with the op-
timum breakthrough mode of a reversal.

The law of the movement of the cart described by the
equations (29)-(31) can be carried out by the drive from
the high-moment step engine which is built in the rolling

0,45
0,4

RN

0,35

0,3
0,25

0,2

Movement, m

0,15
0,1

0,05

Time, s

0,6

04

0,2

Acceleration, m/s2

0,2

-0,4

VvV V

0,6

Time, s

c

rollers 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 equations:

— on the site of start-up:

2 3
1 648-Ax |t t
ps=————| 54| @
R 5 t
g g
— on the site of the established movement:
1 6-Ax
== —, 33
De R 5'tg (33)
— on the site of braking:
3 2
_ 1.8 Ty, t——108 LI
R 5 tg t3 tg

where: R — radius of the rolling rollers.
Having accepted time of start-up of the forming cart

tsz%-tg, time of the established movement —

te =%-tg and braking time — t =% -ty we receive

the law of change of angular speed of the driving step
engine at the movement of the forming cart from one ex-
treme situation to another:

) 2 3 t
=6‘;8RAX t—s— t—4 OStS%, (35)
' tg tg
. t 5.t
o= 0 1 20 (g
5-R-ty’ 6
0,2
0,15 [\
// \\
w 0,05
: \
u;."-0,0S 0 2 \\ 4 /
0,1
\ /
0,2
Time, s
b
5
4
L\ /
o /\ |
g0\ [\ /
g, \ [\ |
é,l \ 1 2 I 3 \ 4 5 I 6
£, [\ /
L [ /
Y \
5
Time, s
d

Fig. 1. Schedules of change of movement — a, speed — b, acceleration — ¢ and breakthrough — d at the movement
of the forming cart with the optimum breakthrough mode of a reversal.
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3
o
6
432 2 —
t 5t
,— BAX g 9 i<ty (37)
5R 5 )2 6
6
— 108T + i
tg tg

Similarly the law of change of angular speed of the
driving step engine at the movement of the forming cart is
defined in the opposite direction:

3
tg

4(t+>3

648 Ax
5-R

9
714
6

6- AX

i

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
[21].

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.

Fig. 2. Roller forming installation with the drive from the step engine.
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CONCLUSIONS

1. As a result of the conducted researches for the
purpose of increase in reliability and durability of roller
forming installation the combined mode of back and forth
motion of the forming cart with the optimum break-
through mode of a reversal is calculated.

2. Kinematic characteristics of the forming cart are
calculated at combined reciprocating the movements of
the forming cart with the optimum breakthrough mode of
a reversal.

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 combined back and forth motion of the
forming cart with the optimum breakthrough mode of a
reversal is offered.

4. 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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