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Abstract. The paper shows an algorithm for determining the load on the
electric motor of run-out conveyor starting from determination of the first
moment of no load operation during slab conveying, slipping torque of the
rollers along the surface of the conveyed billet and ending with the choice
of the electric motor. It also covers an algorithm for strength calculations of
the run-out conveyor roller, which includes the calculation of the moments
and forces acting on the conveyor roller and its supports, the calculation of
static strength and torsion strength, calculation of roller deflection of the
conveyor rollers as well as the selection and verification calculation of
conveyor roller bearings.

1 Introduction

Roller conveyor (roller table) is a mechanism for conveying loads horizontally or at a slight
angle. It consists of a frame and a group of rollers, axes of which are fixed in it with roller
bearings.

Roller conveyors are subdivided into non-driven ones with manual movement of loads
or under the influence of earth's gravity and consisting of rollers fixed to a frame with
different distances between the centres of the roller axes depending on the length and
weight of the load being moved and roller conveyors driven by means of a motor and
mechanical transmissions.

2 Main part

Figure 1 shows the drawing of one of the conveyor roller drives of 5 strand billet
caster. It is a variant of a roller table individually driven by a geared motor.
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Fig. 1. Drawing of the roller drive of a billet caster run-out roller table.

The algorithm for estimation of load on electrical motor of run-out conveyor is the
calculation of:

- The first moment of no load operation of a roller conveyor applied to a motor
shaft Mxp, N m;

- The first moment when conveying the slab applied to a motor shaft Mmp, N m;

- Slipping torque of the rollers along the surface of the conveyed billet applied to an
electric motor shaft M6, Nm;

- Moment of additional static resistance (the moment of friction of the metal against
the side framing of the roller table, the moment of additional static resistance when
transporting the billet with the end bent down) Mz, Nm;

- Total angular momentum of static resistance at slipping M c.6, Nm.

First moment of roller no load operation is calculated as following [1]:

w, =G Gu tu 0
2-1-n,
where:
G, - weight of one roller, H;
dw — roller neck diameter, m;
um — friction coefficient in an antifriction bearing;
nx — Efficiency factor of a gear box at no load operation;
i — gear box ratio.
The first moment when conveying the slab applied to a motor shaft M, is calculated as

following:

d
G, (2 p, +f-107)
M - 2" @ - (2)

mp

017,

where

f — coefficient of rolling friction of metal on rollers, cm;

N+ — efficiency factor of a gear box at conveying the metal along the roller table;
Gnm — the weight of the metal per conveyor roller [2], H;

G, =n-L-a-6-p. (3)
where:
n - the number of billets at the roller table at the same time, pcs.;
L - the length of the billet per roller, m;
a-  Side width of the billet, m;
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0 - Side height of the billet, m;

p- billet material density, kg/mq.

Slipping torque of the rollers along the surface of the conveyed billet applied to an
electric motor shaft is calculated as following:

d

G, Hs
M, =—2 — (4)
-7,
where:
dp — conveyor roller diameter, m;
we — friction coefficient at slipping;
nx — Efficiency factor of a gear box at nominal load.
Total angular momentum of static resistance at slipping is calculated as following:
Mc.6 :Mx.p+M6' (5)
Excess torque emerges when conveying the billet with the bent
pP,.,-d
it )
.- nmp

where:

Pt is the circumferential force required to convey the billet with the end bent down.

The additional load on the roller arising in this case is shown in the force diagram of
Figure 2.

workpiece ) ; / T~

»

Gm — vertical component of the force applied to the roller from the weight of the billet, N; P -
total force transmitted to the billets by the upstream rollers in the direction of its movement, N; P, -
resultant of forces with which the metal acts on the roller, N;Pn, Pt - normal and tangential
components of the resultant force, N; | — distance between the horizontal axis of the roller and the
bent end of the hillet, m; d, — conveyor roller diameter, m

Fig. 2. The scheme of influence of the forces when transporting the billet with the end bent down.

The smallest value of the force Pt without taking into account the influence of the
kinetic energy stored in the transported metal, at the maximum bending of the strip is
calculated as following:

Analyzing the forces acting on the direction of the force Rt.0, we get:

P.,+P, sina-G, -cosa=0. (7
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i 2
Thus if we take into account thatSIN & = d_ we get:

(8)

Force P, transferred to the strip in the direction of its upstream roller movement arises
from the slipping and can be calculated as following:

Py =Gy, - 5. )

Taking into account all the above values and equalities, after the conversion, we obtain
the following equations to calculate the additional moment when transporting a strip with a

bent end:
G 1
M, —M~(21/dj—4lz—lyﬁ} (10)

I nmp

Total static moment during metal transportation along the roller table, taking into
account additional resistances:

M., :Mx.p+Mmp+Mﬂ. (11)
Maximum motor power corresponding to the maximum value of the total static moment
of:
M, -n-i
P == (12)
9750
where:

n - roller table rotary velocity, min,

i — motor reduction unit ratio.

AC motors with coaxial cylindrical double-reduction gear unit are used for the roller
tables of this type.

Motor reduction units of this type are designed and produced in one-piece heavy duty
housing. The housing and flange are made of high-strength cast iron G20 UNI 5007,
excluding gearboxes and motor reduction unit of sizes 25, 32, 35, 40 and 50/1 as well as
for elements for which aluminium SG-AISi UNI 1706 is used. The input and output shafts
are manufactured from steel 16CrNi4 UNI 7846 which undergoes post-heat treatment.

The algorithm for strength calculations of the run-out conveyor [3]:

- Calculation of the moments and forces acting on the conveyor roller and its supports;

- Calculation of static strength for the conveyor roller;

- Calculation of torsion strength for the conveyor roller;

- Calculation of the deflection of a conveyor roller;

- Selection and verification calculation of conveyor roller bearing.

Loading diagram of the conveyor roller is shown in figure 3.
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Fig. 3. Loading diagram of the conveyor roller.

Force which is caused by the weight of the billet and which acts on the roller:

F:E:B:&:ﬁ:&:%H (13)
The resisting moment from one billet during slipping is calculated as following:
F-u -d
Ty (14)

T=T,=T,=T,=T,=Ts=

where:
q - distributed force caused by roller weight, N.
Support reaction force at points A and B can be calculated as following:

> M, =0 -forRy; (15)
ZMA =0 -forRs.

Calculation verification is performed:
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2Ry =0

Method of sections [4] with the length of parts Z1+Z7 is used to make diagrams of
resisting moments, torque moments and transverse forces.

Part 1, z— 0+Z1:
Q=-q-z,
M:—q-22/2
T=Tp

Part 2, z— 0+Z72:
Q=-q-(016+2)+R,
_—q-(016+2)

pm=—4E0FL p
2 ATE

T=Tp

3  Part, z— 0+Z3:
Q=-q-(044+2)+Ry-F

2
=—q-(0,;14+ z) .

M

Ra-(0,28+2)-F; -z
T=Tp-T1. .

4  Part, z— 0+Z4:
Q=-q-(169+2)+Ry—F -F,

2
M =q(1’29”)+ Rp-(L53+2)-F-(L25+2)-F,-z
T:Tp-Tl,-Tz
Part 5, z— 0+Z5:
Q=-q-(294+2)+Ry-R-F,-F
2
M = _q'(2’§4+ 2’ , R, (278+2)-F,-(25+2)-F,-(125+2)—F, - z.

T=Tp-To-T2-Ts
6  Part, z— 0+Z6:
Q Z—q'(4,19+2)+ RA— Fl_ F2 - F3— F4.

-q-(419+ 2)?
2

M = +R,-(403+2)-F,-(375+2)-F,-(25+2)-F,-(1,25+2)-F, - z.

T:Tp-Tl,-Tz-Tg-T4

7  Part, z— 0+Z7:
Q=-q-(544+2)+Ry-F-F,-F;-F,—-F
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_—q-(544+72)
2
—F-(375+2)-F3-(25+2)—F4;-(125+2)— F5 - z.

M +Rp-(528+2)—F -(5+2z)—

T:Tp-Tl,-Tz-Tg-T47T5

Based on the data obtained during the calculations, the diagrams of transverse forces Q,
resisting moments M and torque moments T are made.

According to the diagram (M) in Figure 3, the static strength calculation is carried out in
the section where the bending moment has a maximum value.

Normal stresses in the critical section of the roller are calculated as following:

o =—tr (16)

where W - resisting moment of the roller table roller section, m?;
Knep - Overload factor (Kuep=1,47).

3 4
w=7%0 (1 d j 17)

32 D*
where:
D — roller table roller outer diameter, m;
d — diameter of the hole in the roller, for supplying water for cooling, m.
Shear stresses in the critical section of the roller are calculated as following

Koep * 4-Q
Tuae = ' (18)
3-S

where S - critical section area, m2.

s=-=- = 19
1 4 (19)

General safety factor for the yield strength St under the combined action of
normal and shear stresses:

S _ STO‘ ) STr . (20)
LSSt
S;, = ((:T : (21)

where:

Sts are the safety factors for normal stresses;

o, — bending yield point of roller material, MPa;
owsr - NOrmal bending stresses, MPa;

St - safety factor for shear stresses:

S;, =——. (22)
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where:

T, - torsion yield of roller material, MPa;

T w2 - Shear stresses due to bending, MPa.

Static strength is considered to be ensured if St>[St].

Safety factor under the combined action of normal and shear stresses h + = St /
[St].

The strength of the roller table roller shaft operating in torsion is considered to be
ensured if the maximum shear stresses Tmax arising in its critical cross section do not exceed
the permissible [t«]_[7]:

Toax < (73] (23)

Insignificant (up to 5 ... 6%) exceedance of the calculated voltage over the permissible
one is not dangerous.

The maximum stresses arise at the points of the cross-sectional outline. They can be
calculated as following:

T
Tmax = o7 (24)
WP
where:
W, — polar section modulus, m?,
3 4
w 7Dy d ) (25)
b 16 D*
The torsional yield point is related to the tensile yield point as following:
[z.]~(055...0,60)0, | (26)
To calculate the deflection f of fully supported rollers, the following formula can be
used:
f=M/E-I<[f] 27)
where:

M - is a bending moment in the critical section, Nm;

E - elasticity modulus (Young's modulus), which is a tabular value, MPa;

| - second area moment, m#;

[f] - standard deflection limit, mm.

Second area moment of roller unit with the hole for water supplying can be calculated
as following:

| =z(D*-d*)/64. (28)
where:
n - mathematical constant;
D - roller table roller outer diameter, m;
d — diameter of the hole in the roller table roller, m
To compensate for possible misalignments of the roller shaft, we use roller bearings
with spherical rollers (according to GOST 5721-51) [6].
The equivalent load on the bearing of the most loaded support can be calculated as
following [5]:
P =R-K‘V-K‘ﬂ-l(' (29)

9K8 np*

where:
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R- load per bearing, N;

kv — rotation factor;

k, — dynamic factor;

k.p — reduction factor.

The required bearing life can be calculated as following:

60-n-L

where L — bearing life, h.
The calculated dynamic bearing capacity can be calculated as following:

c=p, 3L (31)

Support bearings can be chosen on the basis of dynamic load capacity.

3 Summary

The paper covers the algorithm for calculation and selection of run-out conveyor electrical
motor of 5 strand billet caster. It also covers an algorithm for strength calculations of the
run-out conveyor roller, which includes the calculation of the moments and forces acting on
the conveyor roller and its supports, the calculation of static strength and torsion strength,
calculation of roller deflection of the roller table rollers as well as the selection and
verification calculation of roller table roller bearings.
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