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In order to increase the reliability and durability of a roller form-
ing unit, we calculated a combined mode of the reciprocating
movement of a forming trolley with the reversal according to the
fourth-order acceleration with the optimal values of boundary ac-
celerations. In determining the combined mode of the reciprocat-
ing movement of the forming trolley with the reversal according to
the fourth-order acceleration with the optimal values of boundary
accelerations, the criterion of the movement was the criteria ac-
tion, which is a time integral with the integrand function express-
ing the "energy" of the unit fourth-order accelerations. We calcu-
lated the functions of changing the kinematic characteristics of the
forming trolley moving from one extreme position to another, with
the functions corresponding to the combined mode of the recipro-
cating movement of the forming trolley with the reversal according
to the fourth-order acceleration with the optimal values of bound-
ary accelerations. It is proposed that the design use a drive in the
form of a cam mechanism, for which we constructed a cam profile
to provide for the combined mode of the reciprocating movement
of the forming trolley with the reversal according to the fourth-
order acceleration with the optimal values of boundary accelera-
tions. It is also proposed that the roller forming unit design use a
drive from a high-torque stepper motor embedded into the compac-
tion rollers of the forming trolley. The use of the specified drive
mechanism in the unit leads to a reduction in the dynamic loads in
the drive mechanism elements and, accordingly, to an increase in
the reliability and durability of the unit as a whole. The results of
the work may further be useful for refining and improving the ex-
isting engineering methods for calculating the drive mechanisms of
roller forming machines both at the design stages and in real op-
eration modes. Also, the results of the work can be used in design-
ing or improving mechanisms with the reciprocating movement of
their actuating elements.

Keywords: installation, forming trolley, movement mode, drive,
acceleration, cam, stepper motor.

In the existing units for the surface compaction of reinforced concrete products, the reciprocating
movement of the forming trolley with compaction rollers is provided either by a crank-slider drive or hydraulic
drive [1-7]. During constant accelerating and decelerating movement modes, significant dynamic loads occur
in the elements of both the drive mechanism and forming trolley, which can lead to the unit premature failure.

Analysis of Recent Research and Publications
In the existing theoretical and experimental studies of the units for the roller forming of reinforced

concrete products, their design parameters and productivity are substantiated [1-4, 7-13]. However, there is
a lack of attention to the study of the existing dynamic loads and movement modes [5, 6, 14], which greatly
affects both the unit operation and quality of the finished products.

In [15], the optimization of the dynamic reversal mode of a roller forming unit was carried out.
However, in this mode, the acceleration and the second-order acceleration (jerk) of the forming trolley are of
great importance in its extreme positions. In optimizing the jerk reversal mode of the roller forming unit [16],
the acceleration of the trolley in the extreme positions occurs smoothly, but the jerk changes abruptly and is
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quite significant. The optimization of the reversal mode of the roller forming unit according to the third-order
acceleration [17, 18] results in the situation in which in the extreme positions of the unit, both the accelera-
tion and jerk occur smoothly, but the third-order acceleration is quite large and changes abruptly from zero to
its maximum value. Therefore, the problem of improving the drive mechanism of a roller forming unit is im-
portant to ensure such a mode of movement of the forming trolley, which would reduce the dynamic loads in
the unit elements and increase the unit durability.

Objective
The objective of this work is to improve the design of the drive mechanism of a roller forming unit
to increase its reliability and durability.

Setting the Research Task

In order for a roller forming unit to compact a concrete mixture, the forming trolley should have a
constant velocity reciprocating movement on the entire area, which would positively affect the quality of the
finished product. However, in practice, this mode of movement cannot be implemented, because it has no
acceleration and deceleration phases, without which no cyclical movement can occur. Therefore, it is pro-
posed to implement such a mode of the forming trolley movement from one extreme position to another, in
which there are areas for reversing with minimal dynamic loads and moving with constant velocity.

For a smooth process of the forming trolley reversal, it was proposed to implement it in agreement
with the optimal movement mode according to the fourth-order acceleration.

The criteria for the mode of movement of mechanisms and machines can be the coefficients of non-
uniform motion and dynamism [19-21]. In this paper, as a criterion of the mode of movement, a criteria ac-
tion is used, which is a time integral with an integrand function that expresses the value characterizing the
movement or system operation. For the optimal reversal mode according to the fourth-order acceleration, the
optimal movement criterion is as follows:

7

Iy =[Qdr—min, )

0

where 7 is the time; 7, 18 the reversal duration; Q 1S the "energy" of the fourth- order accelerations

0=Lom @)
2 b

\4
where m is the mass of the forming trolley; x 1S the fourth-order acceleration.

In this paper, the "energy" of the fourth-order accelerations is designated by Q. Different designa-
tions of energies are used to determine a complex optimality criterion of the mode of movement of the form-
ing trolley. In a number of works, "energy" has the following designations: V for the "energy" of accelera-
tions [15], W for the "energy" of jerks (second-order accelerations) [16], Z for the "energy" of the third-order
accelerations [17, 18], Q for the "energy" of the fourth-order accelerations [19].

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

90 _dd9, d’ a0 430 d*3a0 d'_, 4
ox dt 0% di* 0% dr’ oF dri* y7 dr §'
w
where x, x, X, X, x are the forming trolley displacement coordinate, velocity, acceleration, acceleration
of the second and third orders, respectively.

From expression (3), taking into account dependence (2), we can write

5
90 _90 00 90 _d0_, o v Lo ¥ “
Jdx oJx o0X OX v v dar "

dx dx dx
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The first five terms in equations (4) are taken equal to zero —Q BQ aQ BQ aQ

= =0 on the
dx or 9F oF alv
X

1

basis of dependence (2). Since in expression (2) x is the fourth-order acceleration, then the forming trolley
v

displacement coordinate x, velocity x, acceleration X, acceleration of the second order X and third order x
have no influence on equation (2). Therefore, the partial derivatives from the "energy" of the fourth-order
accelerations for the indicated parameters are zero. After integrating the last relation of equations (4), these
conditions are also satisfied.
From the last equation in (4) we obtain the differential equation and its solutions
X vl vil 1

X
x=0; x=C;; x=C,t+C,; x:§~Cl-t2+C2-t+C3;

Vi Vv
x=l-Cl-t3+l-C2-t2+C3't+C4; x=L-C1't4+l c, t* L Cyt*+C,t+Cy;
6 2 ; 24 6 2
Voo 1 L1
L L Y A ULIVo NV I NVO RN ORI Cl
120 24 6 2
L1 1 1 L1 , 1 ,
Y=t +—-Cy ' +—Cy -t +—-C, - +—-Cs- 1> +Cs - 1 +C;;
720 120 24 - 6 2
1 7, R 1 1 4 1 3 1 )
= Ot A —— Oyt —— Cy P —Cy 1 4= Cs P 4= Cy 12 +C, 1+ Cy; (5)
5040 720 12() 24 6 2
PO Cp P —— ! -C,-t L Cst o L. C, £ +— ! Cj-t4+l-C6-t3+
40320 5040 720 120 24 6
+%-C7-t2+C8-t+C9;
=;-Cl'2‘9+L'C2-2‘8+L'C3-I7+L-C4-2‘6+L'C5'2‘5+L-C6-[4+
362880 40320 5040 720 120 24

+l'C7 -t3+%'C8-12+C9-t+C10,

whereC,, C,, G5, C,, Cs, C4, C,, G5, Cy, C), are the integration constants, which are determined from
the initial and final conditions at each of the phases of the forming trolley movement.

Divide the reversal process into two phases: deceleration and acceleration.

At the deceleration phase, the initial conditions are the following: t=0: x=—-x; x= )‘cy; x=0;

v
X =0; x =0 . The final conditions at the acceleration phase are the following: t=7,: x=0; x=0; X=a;

v
x=0; x=0. Here, x; is the coordinate of the beginning of the deceleration process; x, is the trolley
movement velocity in the steady-state mode before the start of the deceleration phase; a is the trolley accel-

eration at the end of the deceleration phase.
At the acceleration phase, the initial conditions are the following: t=0: x=0; x=0; X=a; ¥ =0;

v v

x =0. The final conditions at this phase are the following: t=¢_: x=-x;; x=—x 'y ;x=0;x=0; x=0.
Consider the deceleration process. Substituting the initial and final conditions into equations (5), we obtain
1=0 = Co=—x; G=x,; G=0; C;=0; C=0; (6)
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1 1 1 1
Gt Gy it Cy ]+ Cy 1] +—— Cs 1] +
362880 40320 5040 720 120
+x, 1, —x =0;
1 1
——— G i ——Cyt] +——-Cy 1 +——-C, 1) +—Cs -1} + X, = 0;
40320 5040 720 120 24
LG I T 6 0 RPNRPIN SO 2
Ot —— Gt — Gy A — -yt 4= C £ =a
5040 720 120 24 6
1 1 1 1 1
— Gt —C, 0+ —Cy 1+~ C, ) +—-Cs 17 =0;
720 120 24 6 2
1 5 1 4 1 3 1 2
A —Cy = Cy 2= Cy 12+ Cs o1, =0
120 24 6 2
Having solved the system of equations (7), we have integration constants C,, C,, C;, C, and C;
X X
cl:907200-(3%—14-—%28-’“—3} 02=100800-(—13-%+64~—;—126-%J;
T tT tT tT tT tT
X X
C, =5040~£53~ﬁ5—280~—g+54o-’“—71 c, :2520~£—11~i4+64-—§—120-x—;J; (8)
T tT tT T tT tT

X
C, =420-(3~%—20-%+36~%‘J.
T tT tT
After substituting certain integration constants (6) and (8) into the system of equations (5), we obtain
the function of changing the fourth-order acceleration of the forming trolley during the process of decelera-

tion from the steady velocity x, to a full stop

4
90- [3 a—14.2 1 0. J L ya0. [ 13-a+64- 2 126-%} ’—3+
T tT tT T T T
\4 x 2
w=2201 6. 53.0=280- 2 +540. 1 |- L y6.| ~11-a+64- ——120 S ©)
6 t, ©)e f

y+36

tT t’r )

After this, the criterion of movement optimality in the deceleration process, with expressions (2) and
(9) taken into account, will have the form

[361 20-

oy . .2
IQT=EIX2‘”=W' 2.a2_ﬁ.x_w +ﬁ.x_2l.a 256 x_;_144 i, + 14471 (10)
r 5 Tt Tt Tt : tT

Consider the acceleration process. Substituting the initial and final acceleration conditions into equa-
tions (5), we obtain
t=0 = (C.=0; C,=0; CG=a;

C,=0; C,=0; 11
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1 -Cl-t§+;-C2-t§+L~C3-tZ+L~C4~tS+L-C5-t§+
362880 40320 5040 - 720 120
|
+—a-t;=—x;
2
1 8 7 1 6 1 s 1 4 .
———C ity ———-Cyty +——Cy -1 +——-Cy 1) +——Cs 1y +a 1, =—x,;
=, 140320 ?040 l720 l120 1 24 (12)
—-Cl-t;+—~C2~tr6[+—-C3~t§+—-C4-t§+—-C5-t§+a=0;
5040 720 120 -~ 24 6
L C, -t +— ! Cz-t§+L-C3-t3+l-C4 -t L Cs-12=0;
720 120 24 6 2
1

—C £ +— ! C2~t§+l-C3~t§+l-C4-t§+C5~tn=0.
120 24 6 - 2

Having solved the system of equations (12), we have integration constants C,, C,, C;, C, and Cj

t ¢

o it it it

% i
Cl=907200~[—3~£7+14~—§—28-x—91j; C2=201600-(7~%—31-—7y+63-x—§j;
t t) £

a xy X y
C;=5040-| —63-—+260-—-—-540-— |; C, =2520-| 15 ——56 +120 (13)
t t t] tt tn

I I I i

i
C5=420~(—5-%+16-%—36~x—51].
I I tl'I

After substituting certain integration constants (11) and (13) into the system of equations (5), we ob-
tain the function of changing the fourth-order acceleration of the forming trolley during the acceleration
process from the rest state to the steady-state movement mode

4 3
90-(—3-a+14-x—y—zs-x—;]-%+80-(7-a—31-ﬁ+63-x—2}}’—3+
n I trl I

1 i

\4 Y 2
x=220. +6-(—63-a+260-x—y—540-x—;}t—2+6 (15 a->56- y+1zo J-L+ : (14
tl'I n tl'I t

1 I l'I

+(—5-a+16-ﬁ—36-x—;J
trl

i

After this, the criterion of movement optimality in the acceleration process, with expressions (2) and
(14) taken into account, will have the form

ty oy . ) 2
. X X
=ﬂfxzd,=w. 2.az_m._y.a+ﬁ.x_zl.a+ﬂ._;_l44 i, 14420 (15)
1 5 T 1, Tt Tt . tn

Having taken the equality of the duration of the trolley deceleration and acceleration processes
t, =t, =t,, the general criterion for the movement optimality during the reversal process, with expressions
(10) and (15) taken into account, will be determined by the following expression:
2

176400 m {9 , 104 % 216 x 256 ¥

2
I,= < R AP s e R O Y B - X, +144- ] (16)
t tl

5 7 1 7 1 708 tl

To ensure the fulfillment of inequality (1), it is necessary, on the basis of expression (16), to fulfill
the conditions:
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ol .
0 :1764(5)0 m | 216 £_144 y 4088, %L _12700800-m |3 a2 Xy a Xl
ox, 5 7 1 t q t/ 7 f A an
aIQ_1764OO-m_ g-a—ﬁ~x 216 xl _352800-m |9 _2ﬁ+@ﬁ ~0
da £ 5 7 4 1 1 1 5 74 1t '
From expressions (17) we can get
[% a-2-2 4. } 0
t 1 Xy
: : R N (18)

24 Y 18 1,

{2.61_2.@@_&} 0

5 74 7

Substituting the last two expressions of (18) into equality (6) and (8), we have the integration con-
stants for the forming trolley durmg the deceleration phase

X X
¢, =0; C, —2800 ; Cy= 2800- ; C,=980-—; C5=-140-—;
l tl L 4 (19)
Ce=0: G;=0; G=0; C=x; C10=—£~Xy~tl.

After that, with integration constants (19) taken into account, the functions of changing the forming
trolley displacement, velocity, acceleration, accelerations of the second, third and fourth orders during the

deceleration phase are obtained:

(20)

34 Iy 1 h 3 1 ? 5

v 3 2 3 2

X =70 %, - SL N ol L i140 %, - O 10847 L)L
3 3 4 4 4 1 I8 4

Substituting the last two expressions from (18) into equalities (11) and (13), we obtain integration
constants for the forming trolley at the deceleration phase

X X
¢, =0; G, =2800- ; C3=0; C,=—420-—+; CS:@-TY;
tl i 34
. (21)
35 X,
Ce=0; C,=0; Co=——=-—; Cy,=0; C,,=0.
18

After that, with integration constants (21) taken into account, the functions of changing the forming
trolley displacement, velocity, acceleration, accelerations of the second, third and fourth orders at the accel-

eration phase can be obtained
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1. (5+¢ 7¢ 7¢ 35)\¢ 5 631t £ Tt
:-.xy. __6___4 __3__ _; X=— xy. _6__ 4+7_3__ =
3 24 44 34 12) 4 9 10 1, 2
6 4 3 3 2
x'zﬁ.xy. t_é_g.t_4+4.t_3_l .l; ')'c':7—0~5cy~ t_3_3.i+2 .t_4; (22)
9 2 2 3 A f A
v 3 14 3
x:7—0-5cy~ 5.t_3_9.i+4 .i4; x:w.xy. 10.t_3_9.i+2 i4
3 A 4 f 3 A 4 f

At the steady-state mode of the movement of the forming trolley, the coordinate of displacement, ve-
locity, acceleration, accelerations of the second, third and fourth orders of its center of mass are described by
equations [19]

(xly _xoy)'t . (xly _x()y) . v 4

X=Xy, +—————; X=—————=const; x=0; x=0; x=0; x=0, (23)

ty y

where x,, and x,, are the coordinates of the initial and final positions of the center of mass of the trolley at
the steady-state movement; ¢, 1s the duration of the steady-state movement.

In expressions (23), the coordinate of the initial position of the center of mass of the trolley at the
steady-state movement x,, is taken equal to x; . Then, with the amplitude of the trolley movement from one

extreme position to another taken as Ax, the final coordinate of the position of the center of mass of the trol-
ley at the steady-state movement can be determined as x;, = Ax—x;.

Substituting the obtained coordinates x,, and x;, into the second expression in (23), we obtain the

dependence for determining the trolley velocity at the steady-state movement x,

17 .
Ax——-x, -t
[ y ‘1
B :Ax 2-x, _ 12 N i = Ax . 24)
Y 3 3 Y 17
y y ty""ﬁ'tl

With the total time of the forming trolley movement from one extreme position to the other taken as 7,

it can be divided into three phases: acceleration phase time — 7, ; steady-state movement phase time — 7, ; de-

celeration phase time — ¢,. For the concrete mixture compaction to be ensured by the forming trolley moving

. . . . 2
with constant working stroke velocity, take the time of the steady-state movement equal to, say, 7, = 3 t, [4].

Then, with the condition of equality of the acceleration and deceleration phase times given, they can be deter-
mined by the corresponding expressions: £, =t =t = % t, .

The functions of the trolley steady-state movement velocity and the coordinate x, , with dependen-
cies (24) taken into account, will have the form
72 Ax 17
X, = ; X =—
Y651, 130
Considering the movement of the forming trolley from one extreme position to another and substitut-
ing expressions (25) into equations (20), (23) and (22), we obtain the functions of changing the forming trol-

ley displacement, velocity, acceleration, acceleration of the second, third and fourth orders:
— at the acceleration phase

(25)
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6 4 3
w=—2 Ac 97205 2068 L4 504-t——§ :
65 ; 4 212
6 3
i=- B Ax 46656-——M~t4 1512——1 2
13 t 10 ¢ 2] 1
6 4 3
=330 Ar. 46656-t—6—5832~t—4+864~t—3—l <
13 t, t, ., 2)t]
. (26)
5= 310912 108 0. —+1
13 N t, t
v
x =302 (540 L 7. —+2J L
|
b o [0 Lo L
3 N t, I
— at the steady-state movement phase
_ 2y v
w= A Nriaa ] =2 ps ¥=0; ¥=0; x=0; x=0; 27)
130 i 65'l‘i
— at the deceleration phase
8 7 6 5
x=Avt 2o Av| 583205 ~77760- = +31752. L —4536- L +3. L - 1T .
65 o o o o o 48
7 6 5 4
=12 Ax{155520- L ~181440- =+ 63504- L ~7560- L +1 | L
65 t t t; t t,
3 2 3
RS AEL RN 5 TR JUPE S AN § A
13 R 1] t, t
3 2 (28)
13 R J t, t
A% 3 2
x:w.m. 180.%_120.%+21.L_1 .LS;
13 t, . t t,
\%4 3 2
xz%%.m.(mg_m L ——1J Y
o t() 0 t()

With the amplitude of the forming trolley taken as Ax =0.4 m and the duration of its movement from
one extreme position to another taken as 7, =3 sec [4], according to equations (26)—(28), kinematic charac-

teristics were calculated, and graphs (Fig. 1) were built for the forming trolley moving from one extreme po-
sition to another and in the reverse direction with the reversal mode according to the fourth-order accelera-
tion with the optimal values of boundary accelerations, Fig. 1, a showing the change of displacement;
Fig. 1, b, velocities; Fig. 1, ¢, accelerations; Fig. 1, d, second-order accelerations (jerk), Fig. 1, e, third-order
accelerations; and Fig. 1, f, fourth-order accelerations.

The analysis of the graphs in Fig. 1 shows that the functions of the forming trolley velocity, accelera-
tion, second-order acceleration (jerk) and third-order acceleration change smoothly, without creating signifi-
cant dynamic loads in the roller forming unit, which in turn has a positive effect on its durability. At the
same time, the value of the velocity of the forming trolley at the steady-state movement phase is

ISSN 0131-2928. Journal of Mechanical Engineering, 2019, vol. 22, no. 1 45



JUHAMIKA TA MILHICTb MAIIIMH

. 12 Ax
xX=

65-t,
eration [18]; the maximum value of the acceleration at the acceleration and deceleration phases is
¥=0,574 m/sec’, which is 7% less than the mode of movement according to the third-order acceleration
[18]; the maximum value of the second-order acceleration (jerk) at the acceleration and deceleration phases
is ¥ =2,163 m/sec’, which is 2.33 times less than the mode of movement according to the third-order accel-
eration [18]. Besides, the graphs in Fig. 1 show that the change in the second-order acceleration function
(jerk) at the acceleration and deceleration phases occurs in one quadrant, that is, during the acceleration and
deceleration processes, the second-order acceleration (jerk) changes from zero to the extreme position and
returns to zero, the curve not intersecting the x-axis, compared with the mode of movement according to the
third-order acceleration [18]. Therefore, with this mode of movement of the forming trolley, the number of
changes in the sign of the second-order acceleration (jerk) decreases, which leads to a decrease in the alter-

=0.148 m/sec, which is 5% less than the mode of movement according to the third-order accel-

nating forces in the roller forming unit, and, consequently, reduces the stress level in the trolley.

0.45 0.2
0.4
i 17 \
: o a yom ] \
E 0.25 \ %0'05 \
S 02 \ Y
'-m% 0.15 5—0.05 t 2 3\ : > ll/’
// \ /
0.05 GidE \ /
’ 0 1 2 3 4 5 -0.2
Time, sec Time, sec
a b
0.8 2.5
N 71 f
% 0.4 \ / % lvi I \ I \
< 02 2 s ] \ ’ \
i / AR [
é a3 1 2 3 4 5 § 05 4. 2 3\ r 4 5 \ [6
o i \ \
U § 15
06 s, \v’ \v]
-0.8 2.5
Time, sec Time, sec
C d
20 400
E 15 “j: 300
1 ini g i
gﬂ 5 'g 100 NN
NI 1N I R Al N
é p \ 1 2 I 31 I 4 5 \ % é oo \Vl 1 2 I \3/ \ 4 5 \V/vs
O I | i |
F 15 g -300
-20 - -400
Time, sec Time, sec
e f
Fig. 1. Graphs of changes in the kinematic characteristics of the forming trolley:
a — displacement; b — velocity; ¢ — acceleration; d — second-order acceleration;
e — third-order acceleration; f — fourth-order acceleration

46
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Research Results

The law of movement of the forming trolley, described
by equations (26)—(28), can be fulfilled by the trolley cam drive . ‘
(Fig. 2) providing the reciprocating movement of the trolley. In 2 w‘ \ 2
this case, the movement of the trolley in one direction is carried N A :
. . . \ L/
out by rotating cam 1 by half a turn (i.e. ¢=m) and in the re- ‘
verse direction, by another half a turn, the full cycle of the trol-
ley movement being one revolution of the cam. In order to im-
plement the described law of the trolley movement, it is neces- b |
sary that the increment of the cam radius correspond to the in- -
crement of the trolley movement. @\ - (N
From expressions (26)—(28) we exclude the time ¢, since ALY, \J/ T \ // L
t= (y, and ¢, = 7% . Here, ¢ is the angular coordinate of the | Fig. 2. Scheme of a cam drive mechanism to
® ® ) ) provide for trolley reciprocating movement:
cam rotation, and @ is the angular velocity of the cam. Since the 1 — cam; 2 — pusher;
acceleration phase time of the forming trolley is taken equal to o — cam angular velocity

1 . . . . .
t = s -1, then the deceleration process will be provided out by rotating the cam to an angle ranging from

n

. ) ) 2
¢=0 to o= % . Since the time of the steady-state movement is taken equal to 1, = 3 -, then the steady-

state movement of the forming trolley will be provided by rotating the cam to an angle ranging from

1
(p:%to o= X Since the deceleration phase time is taken equal to 7, :g-to, then the deceleration

process will be carried out by rotating the cam to an angle in the range from ¢ = ST 6 o e=T. According to

the above, with the first equations of expressions (26) - (28) transformed for the case where the origin of co-
ordinates is measured from the middle position of the forming trolley, the cam radius, which describes its
profile, is associated with the angular coordinate by the following expressions:

6 4 3 2
p=2-12 Ar 19720 & _2268. 9 15049 2| &AL o T (29)
2 65 T T © 12) ® 2 6
b Ax t) 1| Ax i 5w
=24+ 17+144 | o= | — |- 28, Z<e<; 30
pzmo{ (@6jn}2 6 " 6 0
I se)* 1 sgY 1 |
58320 | @22 | . ——77760 | 9 —=| =+
[o-%) o0 (o)
b Ax 24 st) 1 se) 1 5n
= A 431752 - | ——4536 | o= | -—+|, =<o<m, (31)
P= T e [(p 6jn6 [(p6jn5 6 7
+3( _S_chl_i
6 )7 s

where b is the distance between the pushers (Fig. 2).
The cam profile can be determined in a similar way in the area of its rotation from 7 to 2w, which
is described by a radius that varies according to the dependencies
6 4 3 2
b 14 {972@@—226&@%04.(‘“”) —3—5](‘“”) s _76“’ (32)
oI T

:_+_.A.
P=0 s © 12
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In order to prevent cam impacts against the pushers
when the trolley changes its direction of movement, the cam
profile described by equations (29)-(34) (Fig. 3) has the form
where, in any position, its diameter d is constant and equal to
the distance between the pushers b (d=b).

In order to reduce the dynamic loads in the elements of the
roller forming unit and increase its reliability, it was proposed that
the unit design use a drive mechanism providing the reciprocating
movement of the forming trolley with the reversal mode according
to the fourth-order acceleration with optimal boundary accelera-
tions (Fig. 4). The drive mechanism is made in the form of cam
mechanisms that are hinged on the portal and come into contact
with the pushers rigidly attached to the forming trolley. The pres-
ence of two pushers on each side of the forming trolley allows cre-
ating a rigid kinematical connection at its direct and reverse
movement. The cams are rotated by engines.

A

Fig. 3. Cam profile that implements the trolley
reversing mode according to the fourth-order
acceleration:

b is the distance between the pushers;

d, p are the diameter and radius of the cam;
¢ is the angular coordinate of the cam rotation

When a cam drive mechanism is used in the roller forming unit, on each side of the forming trolley,
the possibility of its axial offset is prevented, the dynamic loads in the drive elements are reduced, and, ac-

cordingly, the durability of the unit as a whole increases.

The law of movement of the forming trolley, described by equations (26)—(28), can be fulfilled by
the drive from a high-torque stepper motor that is embedded into the forming trolley compaction rollers.

Taking the forming trolley acceleration phase time ¢, = % 1, , the time of steady-state movement ¢, = % -1,

and the deceleration phase time ¢, = % -1,

[4], from expressions (26)—(28), we obtain the law of changing

the drive stepper motor angular velocity for the forming trolley moving from one extreme position to another

6 3
o= 284 46656-t———81648~t visiz DT L ggighe
13-R t 10 to S 2) 1 6
72 Ax (51,
—<t< ;
65-1,-R° 6 6
7 6
155520(r—5't°j -%—181440(z—5 t"j —t
72AX 6 o [O 1 5't0
65 R 5 , = <<,
+63504-(z—5'6t°j ~ls—7560~(z—5't°j Ll
1, t,

where R is the radius of the compaction rollers.

The law of change in the angular velocity of the drive stepper motor for the forming trolley moving

in the reverse direction can be determined similarly:

48
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It is also proposed that the roller forming unit design use a drive from a high-torque stepper motor
providing for the reciprocating movement of the forming trolley with the reversal mode according to the
fourth-order acceleration with optimal boundary accelerations (Fig. 5). The trolley is set in reciprocating
movement by a high-torque stepper motor embedded into the compaction rollers, the roller axis playing the
role of a stator, and the roller itself, of a rotor [22].

2.
71 70 T
R 2y 2
]
|

Fig. 4. Roller forming unit with a cam drive Fig. 5. Roller forming unit with a drive from a stepper
mechanism motor

When the roller forming unit uses a drive from a high-torque stepper motor embedded into the com-
paction rollers, with the motor angular velocity change law described by the above equations, the dynamic
loads in the drive elements are reduced and, accordingly, the durability of the roller forming unit as a whole
increases.

Conclusions

1. As a result of the conducted research, in order to increase the reliability and durability of the roller
forming unit, we calculated a combined mode of the reciprocating movement of the forming trolley with the
reversal according to the fourth-order acceleration with the optimal values of boundary accelerations.

2. Kinematic characteristics of the forming trolley during the reversal mode according to the fourth-
order acceleration with the optimal values of boundary accelerations were obtained.

3. It was proposed that the roller forming unit design use a cam-type drive, and a cam profile be built
to provide for a combined mode of the reciprocating movement of the forming trolley with the reversal ac-
cording to the fourth order acceleration with the optimal values of boundary accelerations.

4. Consideration was given to the roller forming unit design using a drive from a high-torque stepper
motor embedded into the forming trolley compaction rollers.

5. The results of the work may further be useful for refining and improving the existing engineering
methods for calculating the drive mechanisms of roller forming machines both at the design stages and in
real operation modes. Also, the results of the work can be used in designing or improving mechanisms with
the reciprocating motion of their actuating elements.
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OOrpyHTYBaHHSI TPAHUYHMX IPHUCKOPEHb ONITHMAJIBHOIO PEKHMY peBepCyBaHHs
POIHKOBOI (POPMYBAJIBLHOI YCTAHOBKH 32 NIPUCKOPEHHSIM 4€TBEPTOro NOPSIAKY

! loseiikin B. C., *Ilouka K. L., *IIpucraiiao M. O., *Tlouka O. b.

! Harionanpanii yHiBepeuTeT 6iopecypeiB i mPHPOIOKOPHCTYBaHHS YKpaiHi
03041, Ykpaina, m. KuiB, Byi.. ['epois o6oponwu, 15

* KuiBChKHi HALIOHATbHIG YHIBEPCUTET Oy/IiBHHIITBA i apXiTeKTypH
03037, Ykpaina, m. Kuis, nip. [ToiTpoduioTchkuii, 31

3 memoro nidsuwenHs HaOIIHOCME MA 008208IYHOCIE POJIUKOBOL POPMYBATILHOT YCMAHOBKU PO3PAXOBAHO KOMOIHOBA-
HULL PedtcUM 360POMHO-NOCMYNANIBHOO PYXY POPMYBATLHOZ0 GI3KA 3 PEBEPCYBAHHAM 30 NPUCKOPEHHIM YEeMBEPMO20 NOPSIOKY 3
ONMUMATTGHUMU 3HAYEHHAMU KPALogux npuckopens. 11i0 yac euzHauents KOMOIHOBAHO20 PeCUMY 360POMHO-NOCMYNATIBHOZO
DYXY popmyBansHo2o 8i3Ka 3 pesepcy8antam 3a NPUCKOPEHHAM Yemeepmoco NOPSIOKY 3 ONMUMAIbHUMU SHAYEHHAMU KPAUOGUX
NPUCKOPEHb SIK KPUMEDILL PeXCUMY PYXY BUKOPUCIAHO KPUMEPIATbHY 0ito, AKA AGTAE cO0010 IHmMezpa 3d 4acom 3 nidinmezpas-
HOWO (DYHKUYIEIO, WO BUPANCAE «EHEP2II0» NPUCKOPEHb YemBepno2o NOPsiOKy YCmanoeku. Ompumano (yHKYil 3MiHu Kinemamuy-
HUX Xapakmepucmux oopmysanbHO20 8I3Ka 3a U020 PYXY 6i0 00HO2O KPAHbO2O NOJONCEHHS 8 THuLe, WO GION0GI0armb KOMOIHO-
BAHOMY PeXHCUMY 360POMHO-NOCMYNAILHOZ0 PYXY POPMYBATILHOO Bi3KA 3 PeBEPCYBAHHAM 3A NPUCKOPEHHAM 4emB8epmo2o nopso-
Ky 3 ONMUMAIbHUMY 3HAYEHHAMU KPANIOBUX NPUCKOPEHb. 3anponoHOBAHO BUKOPUCTIOBYBAIMU 8 KOHCIPYKYIT YCIMAHOBKU NPUBIO )
sueAdl Kynaukosoeo mexauizmy. Ilobyoosano npogine Kynauka Ons 3a6e3nedueHHs KOMOIHOBAHO20 DEeNCUMY 360POMHO-
HOCHYNAILHOZO PYXY POPMYBATILHO20 BI3KA 3 PEBEPCYBAHHAM 34 NPUCKOPEHHSM HeMEEPmMOo20 NOPSIOKY 3 ONMUMATbHUMU 3HAYEH-
HAMU KPAOBUX NPUCKOPeHb. Po321s1Hymo 3acmocy8antst 8 KOHCMpPYKYii poiuKo6oi (hopmyBanbHOI YCMaHOBKU Npusody 6io Uco-
KOMOMEHIHO20 KPOKOBO20 O8USYHA, WO GMOHIMOBAHULL 8 YKOUYSAIbHI POTUKU (POPMYBATILHOO Bi3KA YCMAHO6KU. Bukopucmanms
8 YCMAHOBYI BKA3AHO20 NPUBIOHO20 MEXAHIZMY NPUBOOUMb 00 3MEHUEHHST OUHAMIYHUX HABAHMAICEHb 8 TI020 eNeMeHMAx i, Gio-
NOGIOHO, 00 NIOBUWEHHS! HAOIIHOCME MA 006206IMHOCII YCMAHOBKU 8 Yinomy. Pezymmamu pobomu modicyms 8 noOaibutomy
Oymu KOpUCHUMU 075l YIMOYHEHHST MA YOOCKOHANTEHHS ICHYIOYUX THICEHEPHUX MemO0i8 PO3PAXYHKY NPUBIOHUX MEXAHIZMI6 MAUUH
PONUKOBO2O (QOPMYBAHHA K HA CMAOISX NPOEKMYB8AHHA/KOHCTNPYIOBAHHSA, MAK I 8 PEXCUMAX PeabHOi eKCALyamauyii, a makoxc
BUKOPUCIMOBYBAMUCS NIO YAC NPOEKMYBAHHS A00 YOOCKOHANEHH MEXAHI3MIB i3 360pOMHO-NOCIYNATLHUM PYXOM BUKOHABUUX
enemMeHmie.

Knwouogi cnosa: ycmanoska, hopmysanvHuil 8i30K, pesicum pyxy, npudoo, NPUCKOPEHHs, KYIAYOK, KPOKOBUL OBUSYH.
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