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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 installations roller forming concrete products during
their work there are considerable dynamic loads in elements
of the drive mechanism and the elements forming carts [1-
13]. Despite the fairly extensive study of the process of
forming concrete products bezvibratsiynym roller method
[14-25]. So far not been investigated dynamics of forming
the trolley and its impact on the process of formation.
Few paid attention to efforts occurring in the elements of
drive mechanism and forming the cart.

THE ANALYSIS OF RECENT RESEARCHES
AND PUBLICATIONS

The existing theoretical and experimental research
machines Roller forming concrete products proved their
design parameters and performance [1-3]. However, not
enough attention is paid to research current and dynamic
load driving mode, which greatly affect the operation of
the installation and the quality of the finished product.
During regular puskohalmivnyh movement modes having
significant dynamic loads in elements of the drive
mechanism and the elements forming the trolley, which
can lead to premature failure of the installation[4, 5]. So
important is the task of improving a roller drive
mechanism forming installation to ensure that such a
regime movement forming trolley in which dynamic loads
have decreased in the elements of installation and
increased durability.
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OBJECTIVE

The aim of this work is to improve the design roller
drive  mechanism forming units for increasing its
reliability and durability.

THE MAIN RESULTS OF THE RESEARCH

For roller molding installation with earthen desirable
constant speed reciprocating mold carts throughout the
area that have positively affected the quality of the
finished product. However, in practice such a mode of
motion exercise is impossible, because it lacks plot
acceleration and braking, without which there can be
cyclic motion. It is therefore proposed to implement a
regime of movement during its formative trolley moving
from one extreme position to another, which would be the
areas of acceleration and deceleration with minimal
dynamic loads of movement and constant speed.

For smooth acceleration and braking process of
forming the trolley suggested to carry them for optimal
regimes movement acceleration fourth order [6]. At that
speed, acceleration, acceleration of the second order (jerk)
and acceleration of order (feeling) forming carts vary
smoothly without creating significant dynamic loads in
the installation, which in turn positively affect its
longevity.

Criteria mode of movement mechanisms and
machines can be uneven rates of movement and
dynamism. [6] In this paper as a criterion motion mode
used by criteria act which is integral with the time integral
of the function that expresses the extent of movement or
action system. For optimal mode for acceleration and
braking acceleration fourth-order optimality criterion

motion will have the form:
t, .
:deL»mm, (1)

0
where: t — time, t po T lengthy process of acceleration

or deceleration of the trolley mold, Q
acceleration fourth order:

- energy

\Y
Q=%-m-><2 )

\
where: M — bulk molding cart, X — acceleration fourth
order.

The condition of a minimum criterion (1) is a Poisson
equation:
0Q d aQ+d oQ d? aQer4 oQ d° aQ

ox dt ox

dt®> ox  dt® ox
\%
where: X, X, X, X, X - coordinate displacement,
velocity, acceleration, acceleration of the second order (jerk)
and acceleration of order (feeling) trolley respectively.
From the expression (3) can be written:

R_RQ_RNQ_RQ_RQ_,

- . A T~ IV T
oX OX oOX X ox

\Y
Ry, £
oX dt O0X

From the last equation (4) we obtain the differential
equation and its solutions:

X
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Vil

X I1X
x=0, x=C, x=C,-t+C,,

Vil

x_— C,-t?+C,-t+C,,
C t?+C,-t+C,,
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where: C,, C,, C;, C,, G5, Cq, C,, G, Cg, Cpp -

integration constant, determined from boundary conditions.
To disperse the areas forming the cart after peace to
enter the steady movement of the boundary conditions

have the following meanings: t=0:x=0, x=0,

v
X=0, X=0, x=0 and t:tp:)'(: X=0,

v \
X=0, x=0, x=0. Here tp

molding cart since the rest to enter the steady movement,
X ,— speed of the trolley at steady state.

— duration of acceleration

Substituting the above boundary conditions into the
equation (5), we get:
t=0: C,=0, (=0, =0, C, =0,

6
c o (6)
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(7)

Solving the system of equations (7), we obtain the
constants of integration Cl, C,,C;, C,and C;:

C, =1411200- —; C, =-806400- —;
P 17
C,= 26880 2 C, ~1680. - (8)
’ t5 t

P P P
Substituting defined constants of integration (6) and
(8) in equation (5), we obtain expressions for kinematic
characteristics forming the trolley during acceleration
since the rest to enter the steady movement:
3Bt t? 112 t t°
X, =X, +X,+| ——7-20-5+40- 5 —— —+14 ,
14 0p y {9 t t3 l2 3t ] t4

p P

4

t* t3 t2 t
X, =X, | 35-——160-—+280-——224- 7+70 =
t3 t2 t t

P P P P
4 3 2 3
szzgo.xv.[t‘l_4.t3+6.t2—4~t+1]-t4, ©)
) t t t
» p » » p

) t* t3 t2 t t2
X, :280-xy-[7-t4—24-3+30-t2—16-t+3]-t4,

P i3 P i3 P

I\ 4 t3 2 t

x,=1680-X%, - 7 ——20 —+20- ——8 —+l -
: t! t t2 t t,

r p p p

v 4 3 2
X, =1680-% [35 :——80 :—+60 :——16 tt+1] tl

P P P 12 P

where X, — coordinate the initial position of the center

of mass of the trolley during acceleration.

At steady state traffic molding cart coordinate
movement and speed of its center of mass described by
equations [6]:

— X, )t
X, =X, + 7()(” o) ,
t,V
X, = (Xl‘ -") const, (10)
t,
xy:O, xy:O, x},:O, X, =0,

where: X,, and X, — coordinates the start and end

positions in the center of mass of the trolley steady motion,
t, —duration steady motion.

For braking areas forming trolley boundary
conditions have the following meanings: t=0: X = X,

v \
X=0, X=0, x=0, x=0 and t=t: X=X,

[\
X=0, X=0, X=0, x=0. Here t, — the duration of

inhibition after steady movement to a complete stop, X

— coordinate the final braking process.
Substituting the above boundary conditions into the
equation (5), we get:
t=0: Cy=x,,

C, =0,

Cy=0, C;=0, C;=0, )

L .cl-t?+i.cz.t§ -C,-
362880 ° 40320 5040
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L-cl.t? -C, -t -C3~tf+
40320 ’ 5040 720
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120 °
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+i-C4-tf:0,

24
1 6 5 4
—-C-t'+—-C, t+— C,-t]

720 120

1

+g.C4.t§:

—.C, t5+— C,- tf+f C,-t+
120 6

+E.C4.tfz

(12)

Solving the system of equations (12), we obtain the
constants of integration C,, C,, C;, C, and C103

X
C, =1411200- -,
t

2

C, =-604800- "

7
;IC_XL? 2 Xy'tz'

C, —100800 —-. C,=-6720-

Substltutmg defined constants of integration (11) and
(13) in equation (5), we obtain expressions for kinematic
characteristics forming the trolley during braking after
steady movement to a complete stop:

9 8 7
35 L_15 L 20. L_
19t t,
X, =X, +X, - ,
SR 28 t° 5
e S
3t 9
8 7 6
35. tf—120 tf+14o %—
xZ:X} Lt5 L. ‘ ,
—56-t—5+1
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X 2280 X} (ts_B'z 4 _1].'[5’
3 2
7 t3—18~tf2 15.L_ 13
X =280- t’ t’ t, e
—4 ¢
3 2
v ) 7.%—15'%+10.l— t2
X, =1680-% | t’ t |,
. . . "
—2 2
. ) (14)
y R 60t— 30.L_]
X. =1680- X, - tz t .
J 4 < td
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In (9), (10) and (14) coordinates the initial position
the center of mass of the trolley during acceleration Xo,

coordinate and final braking process X,, meet its extreme

positions, however, are unknown speed )'(y forming

trolley to steady state, the initial coordinates X, y and

final X, provisions of the center of mass of the trolley

during steady motion.
Divide movement S forming the trolley from one
extreme position to another in three areas: 1 — dispersal

area, it corresponds to displacement S . 2 — a site settled

movement, it corresponds to displacement Sy , 3 — part

braking, it corresponds to displacement S, . Subject to

dependency (9), (10) and (14) Expressions movement at
each site can be represented as:

8 t7 t6
35. o 160 —+280- o

t,
:Xy i . p4 7 ldt=
0 0 t t

—224.—+70-—
5 t4

P P

'—-r:

S =

B 7 t”
B 0.l g L M2 0,
9 1 0 e 3

P

(15)

»
5
t
4

+14.

:jx dt=x, 1" =x, t,,(9)
0

t7
|35 ——120 ot

Se=tjxgdt=x},-tj :
0 0

9 8 7 .
35, t—g -15. t— +20- t—e -
19t t¢
"l 28t
—— <+t
3t .
Then the general expression trolley moving mold can
be represented as:

5 .
S=Sp+Sy+SZ=§-xy~tp+

§.t N . (18)
. 5 . . |19 7
+xy-ty+§~xy-t2=xy-

5
+ty+§-t(,

To ensure earthen molding cart with a constant speed
on most of its working stroke take a steady traffic, for

2

example, t,==-t, where: t_ - general driving bogie
3 3

mold from one extreme position to another. Then,
wondering condition equal time acceleration and braking

can be defined corresponding expressions: t,= % -t, and

t :l.t. Substituting the expression (18) t zl.t,
2 6 3 2 6 3
t _2 ot _1 t, and the amplitude of movement of
73 6

the trolley from one extreme position to another AX =S .
We get:

.(19)

Position coordinates forming trolley defining end
areas of acceleration and steady movement start area X, .

Can be determined from the expressions (15) and (19):

S5 . 5 27-Ax 1 5
XOy:_'Xy'tp -—.—-tg:— AX (20)

9 9 23-t, 6 46
and coordinate that defines the end areas of steady traffic
X;, and start braking areas can be determined from the

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

X, = X, + X -tV:i-AxwLZTAX-2 4 Ax 1)
’ ST 46 23-t, 3 T 46
Substituting (19)-(21) in equation (9), (10) and (14)
1 2 1
and taking t =—-t t =—-t t=—-1,

P76 Y 37 Y6
Kinematic characteristics forming carts in areas of
acceleration, deceleration and steady movement can be
represented as:
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t* t
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? 23 t2 t t*
+216- 5 —24-—+1
t’ t,
t* t
30241728 —+
_ 29393280 - t] tj ﬁ
4 23 t2 >
+360- t——32 —
4 ts (22)
9072- ——4320 —

vV 58786560 t! t., t
X, =————- AX- =
£ 23 t2 t t

+720~t7—48~r+1 :
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Amplitude displacement molding cart AX = 0,4 m
and total time it moves from one extreme position to
another t =3c. By expressions (22)-(24) were

calculated kinematic characteristics combined motion
mode for forming the trolley acceleration fourth order.
The calculations graphs change in displacement (Fig. 1,
a), velocity (Fig. 1b), acceleration (Fig. 2, c) acceleration
of the second order (jerk) (Fig. 1, d), acceleration of order
(feeling) (Fig. 1 d) and fourth-order acceleration (Fig. 1,
e) forming the motion of the trolley from one extreme
position to another.

Turning the first equation expressions (22)-(24) in the
case where the origin is measured from the middle
position moving mold trolley, we get:

- acceleration at the site:

4 t2
17640 t* .0 ¥
69984 7t £ ]
XP_T'A t2 © 25
+720- t——112 +7 0 (&
—E-AX
2

- atthe site of steady movement:
x =2 5p54. 1|1 Ax, )
> T 46 t 2
- inhibition at the site:

3

t° t8
6531840 — — 4199040 — +
t t

3 3

7 6 .(27)
-1 Ax+£ AX- +933120-t—7—72576-t—6+
2 23 t; t,
t 5
+7_7
t, 54

The law of motion of the trolley described by
equations (25) - (27) can be made with the drive cam
(Fig. 2) reciprocating cart. This movement of the trolley
in one direction is performed by turning the cam 1 by half
aturn (¢ =) And in the opposite direction for another

half a turn, full cycle of movement of the trolley - for one
rotation of the cam. To implement the described law of
motion of the trolley is necessary to increase the radius of
the cam consistent growth moving truck. According to the
variable cam radius is determined by dependencies:

- acceleration at the site:

17640 % - 2160 4+
_b 69984 70t t5
27 % ¢ | @)
+720-—2—112-—+7 ’
t’)‘ t’)‘
— 1 - AX
2
- atthe site of steady movement:
AX t 1
p:E+—- 5+54.—|-=- AX, (29)
2 46 t; 2
- inhibition at the site:
9
6531840 - :——
' (30)
8 7
=2l Ak 2l ax.| — 4109040 L 4 933120. L
22 23 t8 t
6
—72576- t—e L5
0t 54

where: b — the distance between the pushers 2 (Fig. 2).
Time t be excluded from the dependence (28) - (30)

as t=¢/ and t. =7/ . Here @ - angular coordinate
@ s @

rotation cam, and @ —angular velocity of the cam. Since the

1
dispersal molding cart by dependence t, = E -t

3
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045 The process will be carried acceleration while turning
5 the cam at an angle of betweenp =0 to @= % a
2 93
§ 0,25 2
HG steady movement -t = 3 t, . Then steady movement of

the trolley will be provided to turn the cam angle ranges

o . . from (/):% to ¢=5%' braking -t, =%~t3. While

braking process will be carried out when turning the cam

018

" atan angle of between ¢ = 5% top=1.
' After appropriate transformations radius cam that
52: describes its profile is associated with an angular
Lo coordinate of the following expressions:

0,02 4 3

@.ﬂ_gleo.ﬂ+ ;

002 - B E . 69984 . AX . 7 72_4 7[3 (/77 B

b P27 = (D)

2
. +720- 2 -112.2 47

‘ T T
L AX T
o =2 0<p<Z
" /\ 2 ?=%

794_&. 5+54 _z 1 _g £< <57[
P=2" 48 ") 71 2 6 7%

Mipmckopent, sfel

(32)

9
6531840((0 - %) 1

9
T

Yan

c

8
a

s5zY 1 33
~4199040 | 5+ (33)
7
X, 210 ro33120( 2% | L - | e
23 6 ) 7 6

N | o
+
N‘D

MpHcxope M 4pyrono NopAaKY
[pwmon), mfc
A & 8 wm &

.

6
- 72576(¢ - %”J =N
T

+ _Sl]l_i
76 )z 54

Similarly, the cam profile is determined on the
section of its rotation 7 to 27z . Which describes the

d

—

= PR na & w5
2 58 8 8 5808 8 &8 8

radius of the changing relationship:

TPHEROPEHHA TRETRANG NEPRANY
(BhyyTI), mfed

‘ (\/\ 17640 (p—-x)'
7 7
! 3
¢ —7)
| _argole=7) .
. b 69984 8 -7
000 = E - TAX 7 ) M +

§)r-:m - T

£ T

& go00

is

g -7

IR 12(2=7) 7

-1000 T -

Fig. 1. Graphs of displacement — a, velocity — b, 2 6
acceleration — c, acceleration of the second order (jerk) — (34)
d, the acceleration of the third order (the feeling) — e and b Ax 7\ 1| Ax
acceleration of the fourth order in the combined mode of P 25_4_6. S+54- p—— PR
motion of the trolley with an acceleration of the fourth , (35)
order —f. 1 117
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6531840((0 Y

8
- 4199040(¢ - j

7
X 2T px +933120((/)—j =
T

N | T
|
>

, (36)

N

23

- 72576((0 e

o7l _5
¢ 6 /Jr 54

To prevent strikes against the cam pushers when the
direction of movement of the trolley described by
equations (31)-(36) of the cam profile (Fig. 3) has the
view that in any situation the diameterd - constant and

equal to the distance between the pushers b (d =b).

A (o)
Fig. 2. Scheme of cam mechanism driven reciprocating
trolley.

Fig. 3. The cam profile that implements forming a
combined mode of movement for the trolley acceleration
fourth order

In order to reduce dynamic loads in elements of
installation and reliability to improve its proposed
construction installation with a drive mechanism for
providing reciprocating mold trolley with combined mode
of movement acceleration fourth order (Fig. 4). Drivers
designed as pivotally mounted on the portal of the cam in
contact with pushers rigidly attached to the molding cart.

Set contains mounted on a stationary portal molding
cart 1 2 containing the feeding hopper 3 and 4
ukochuvalni rollers and makes reciprocating movement in

the guide 5 of the mold cavity 6. cart driven by
reciprocating with two drives 7, attached to the portal 1 as
two cam rotating at a constant angular velocity
(@ = const ) but for different directions, and contact with
two pushers 8 are rigidly connected to the trolley 2.
Having two pushers 8 on each side forming the trolley 2
can create hard power circuit with its forward and reverse
course.

Fig. 4. Fbrmi/ng Roller cam unit with Drivers.

When used to install cam drive mechanism on each
side forming trolley impossible its axial distortion,
increased surface quality of machined concrete mix,
reduced dynamic loads in elements of the drive reduces
unnecessary disruptive burden on the frame structure and,
consequently, increases the longevity of the installation as
awhole.

CONCLUSIONS

1. As a result of studies to increase the reliability and
durability of roller molding installations designed Hybrid
reciprocating mold trolley acceleration for the fourth
order.

2. Calculated cart kinematic characteristics forming
the combined mode reciprocating movement acceleration
fourth order.

3. The construction drive settings in a cam
mechanism and cam profile is constructed to provide a
combined mode reciprocating mold trolley acceleration
for the fourth order.

4. The results may be useful in the future to refine
and improve existing methods of calculation engineering
machinery roller drive mechanisms of forming both
stages of design/construction and real operation. Also,
results may be useful in designing or improving
mechanisms of reciprocating actuators.
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CHHTE3 KYJIAUKOBOI'O ITPUBOJHOT'O
MEXAHU3MA POJIMKOBO ®OPMOBOYHOM
VCTAHOBKU C KOMBUHUPOBAHHbBIM
PEXXUMOM JABWXEHNS 110 YCKOPEHUIO
YETBEPTOI'O IIOPSIIKA

AHHOTanusi. B mensx yBenudueHHs HAICKHOCTH U
JIOJITOBEYHOCTH POJIMKa (OPMHUPYSI YCTAaHOBKH ONTHMa-
JBHOTO PEXMMa JBI)KEHHS BIEpE] W Hazax B (hopMyro-
meld TeNeKKM Ha  pasroH  YETBEPTOro  IOpsIIKa
paccunTeiBaeTcs. KnHemMaTHdaeckne xapakTepucTHKH (o-
pMHpPYsT KOP3UHY IPU ONTUMAIBHOM PEXUME JIBIKECHHS
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Ha YCKOPEHHE YETBEPTOrO IMOpPsIKa PACCUUTHIBAIOTCS.
JuzaiiH posukoBbie (POPMOBOYHBIC YCTAHOBKU C IPHBO-
JOM OT BBICOKOI'O MOMCHTA IIaroBOI'0 JABUTIATCIIA, KO-
TOPBI TIOCTPOEH Ha MPOKATHBIX POJIMKOB, 00Pa3yIOIIUX
TEJEKKY M 00CCICUHBACT ONTHMAIBHBIN PEIKUM JBIHKC-
HUSI BIepeld W Haszal (OpMYIOIIEH TEIeXKH Ha pasroH
4yeTBEepTOro nopsaka. Mcrnonb3oBaHue B yCTAaHOBKE yKa-
3aHHOTO TPUBOJHOIO MEXAaHM3Ma IMPHUBOAMT K yIIydllle-
HHUIO KayecTBa MMOBEPXHOCTH 0OpabaTbiBaeMoii OETOHHON
CMECH, CHIDKCHHE IMHAMHYECKUX Harpy30K B 3JEMEHTax
MIPUBOJTHOTO MEXaHU3Ma, K MCUE3HOBEHHIO JIMIIHETO pa-
3pYMINTENBHBIX HArpy30K KOHCTPYKIHS paMbl U, COO-
TBETCTBEHHO, YBEJIMYUTh HA/EKHOCTh W JOJTOBEYHOCTH
YCTaHOBKH B LIeJIOM. B pesynpTare mpoBeneHHBIX HCClie-
lIOBaHI/Iﬁ B HCJIAX YBCIIMYCHUA HAACKHOCTU U HOJITOBCY-
HOCTU POJIMKOBBIC (bOpMOBO‘-IHI)IC YCTaHOBKH ONTHUMaJIb-
HOTO peXHUMa ABIXKECHUs BIIEpe/ U Ha3aja B GopMyrouien
TEJNEXKH Ha pa3rOH 4eTBEPTOro IMopsAaKa pacCUUTHIBae-
TCSI.

KunemaTtnueckue XapakTepHCTHKH (OPMHPYS KOp-
3MHY B ONTHUMAaJIbHBIH PEXUM JBIDKEHHUS BIIEpE] U Ha3al
Ha YCKOPEHHE YETBEPTOr0 NMOPSAIKA PACCUUTHIBAIOTCS.

Ju3aiiH  posmkoBble (OPMOBOYHBIE YCTAHOBKH C
MIPUBOJIOM OT BBICOKOTO MOMEHTA IIaroBOTO JBUTATEI,
KOTOpBIH TTOCTPOECH HA TNPOKATHBIX POJIMKOB, 00pasyro-
IIUX TEIEKKY C BO3MOXKHOCTBIO pEalM3alliid ONTUMAaIIb-
HOTO peXKMMa JBIDKCHUS BIEpEN M Ha3aJ Ha yCKOpEHHE
YETBEPTOTO MOPSIIKA IIPEIaracTcsl.

IIpoexTrpoBaHue NpUBOJa YCTAHOBKU B BUJE KyJlau-
KOBOT'O MeXaHH3Ma M MpOoGHUIIs KyJauka Uit 00ecreueHus
ONITUMAJIBHOTO pEXUMa IABHKXCHUA BIICPEA U Hasald IpU
(hopMHpPOBaHNHM KOP3UHBI HAa YCKOPEHHE YETBEPTOrO I0-
psAaKa CTpOUTCS.

Pe3ynbraTel paboThl B JadbHEHIIEM MOTYT OBITH HC-
MOJIb30BAHbI ISl YTOYHEHUSI M COBEPIICHCTBOBAHUS CY-
LIECTBYIOIIMX HHXKEHEPHBIX METOAOB pacdeTa NpUBOJA
MEXaHU3MOB MaIIWH (POPMUPOBAHUS POJIMKA KaK Ha -
3aifH/3Tanax MPOEKTHPOBAHUS, W B PEXHUMaX peabHOM
9KCIUTyaTanuy. Takxke pe3yiabTaTsl paboThl MOTYT OBITh
MIOJIE3HBI TPH MPOEKTUPOBAHUU WM YCOBEPILICHCTBOBA-
HUM MEXaHH3MOB C BO3BPAaTHO-TIOCTYNATEIBHOE JIBHKE-
HUE UCTIOJIHUTEIBHBIX 3JIEMEHTOB.

KiroueBbie ci1oBa: posukoBbie (HOPMOBOUYHBIC YCTa-
HOBKH, pCKHUM JABUKCHUA, LIar ABUTraTeid, IIPUBOI.
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