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Abstract. The article deals with the issues of dosing bulk materials using weighing batchers. The existing types of batchers are
described, the main disadvantages of the known discrete-acting batchers with an overturning bucket are given. A discrete-acting batcher
with a tipping bucket developed by the authors is presented, its block diagram is given, according to which the principle of operation of
the batcher is considered in detail. The batcher contains the following units: a feed hopper, a load receiver, upper and lower limiting
supports, a counterweight, a weight measuring and display unit. The process of dosing bulk materials is reduced to the cyclical execution
of four consecutive operations: feeding bulk material from the feed hopper into the load receiver below it; tilting and overturning the
load receiver after reaching the set dose; abrupt stopping the tipped load receiver and unloading the dose; returning the emptied load
receiver to its original position. All mechanical movements in these operations are carried out automatically and only at the expense of
the potential energy of the dosed bulk material due to its weight. The second-order differential equation describing the movement of the
load receiver during tipping is derived. The static equations of moments for different stages of the batcher’s operating cycle are consid-
ered, from which recommendations for calculating the geometric and weight parameters of the batcher are obtained.
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1. Introduction

Industrial enterprises in various industries perform a
large number of operations with bulk materials. A
significant portion of these materials is subject to dosing
during the processing cycle, for which various batchers are
used. Without the proper organization of the dosing process
and the use of appropriate equipment, it is impossible to
ensure the high quality of the final product.

Dosing is defined as weighing or measuring by
volume with a given accuracy the amount of each compo-
nent specified by the recipe to form a mixture of finished
products, as well as forming a dose when packaging the
finished product [1].

Incorrect dosing can lead to a decrease in the quality
of the product, overconsumption of scarce and expensive
components, and an increase in the cost of finished
products. Thus, dosing is a very important technological
operation at enterprises in many industries.

The general requirement for batchers is to provide
accurate delivery of a certain amount of dosed material
within specified time intervals to ensure specified
technological processes with the ability to adjust the flow
rate regardless of the pressure in the medium.

Bulk material batchers are divided into two large
groups depending on the mechanism of operation [2]:

— continuous-acting batchers — designed to automa-
tically supply products and materials to the appropriate pro-
cess container or installation (e. g., a mixer). Such batchers

are used in production processes with horizontal placement
of machines and conveyor feeding of components;

— discrete-acting batchers — used when there is an
intermittent supply of materials to the hopper. The batcher is
switched on and off automatically when the technology
provides for this operation. This type of batcher is focused on
production processes with high-rise equipment placement.
Discrete-acting batchers have become much more widely
used, so further consideration will focus on this type.

2. Drawbacks

The discrete-acting batchers described in [3-9] are
divided by design into:

— batchers with an overturning bucket;

— batchers with a bucket whose bottom opens.

The main disadvantages of the known batchers with
an overturning bucket are additional energy consumption
for overturning the bucket, dynamic effects on dosing ac-
curacy, and a decrease in dosing accuracy due to sticking of
bulk material residues on the bucket walls.

3. Goal

The goal of the current article is the development of
an energy-saving discrete-acting batcher with an
overturning bucket, which will have a simple design and
increased dosing accuracy, as well as research of the
mathematical model of the batcher.
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4. Development of a discrete-acting
batcher with an overturning bucket

To solve this problem, the authors developed a bat-
cher [10], the block diagram of which is shown in Fig. 1.

The block diagram includes:

— a feed hopper 1, in which a vertical discharge open-
ing 2 is equipped with a flap 3, which is made in the form of a
rotary plate mounted on a support 4, having a pin 5 and sup-
ported by a platform 6 protruding from under the opening 2;

— a load receiver 7, in the upper part of which the
pusher 8 of the flap 3 is fixed;

— upper limiting support 9 and lower limiting sup-
port 10, which are connected to a fixed base;

— counterweight 11;

— weight measuring and display unit 20.

A linear dose scale 12, graduated in units of weight of
the dose of the material to be weighed, and an adjusting lever

13 are rigidly attached to the load receiver 7. A counter-
weight 11 can move along the lever 13 with the possibility of
fixing its position in any known way and indicating this po-
sition on the scale 12 using, for example, an arrow pointer.
On the front and rear walls of the load receiver 7 below its
center of mass are rigidly attached two rotating axes 14,
which are located on the same line perpendicular to the di-
rection of the adjusting lever 13 and shifted horizontally in
its direction relative to the center of mass of the load receiver
7. When the load receiver 7 is overturned, the semi-axes 14
can rotate freely in the holes of the sliding bushings 15,
which are supported by weight measuring sensors, for exam-
ple, strain load cells 16. Spiral springs 17, which are twisted
when the load receiver 7 is overturned, form an elastic con-
nection of the semi-axes 14 with the bushings 15. The out-
puts of the load cells 16, the upper limit switch 18 attached
to the upper support 9, and the lower limit switch 19 attached
to the lower support 10 are electrically connected to the in-
puts of the weight measurement and display unit 20.
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Fig. 1. Block diagram of a discrete-acting batcher with an overturning bucket
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The process of dosing bulk materials is reduced to
the cyclical execution of four consecutive operations:

» feeding of bulk material from the feed hopper 1
into the load receiver 7 under it;

* tilting and overturning of the load receiver 7 after
the set dose is reached, which is accompanied by closing
the gate of the feed hopper 1 and determining the total
weight of the set dose and the load receiver 7 with all ele-
ments attached to it (gross weight)

* abrupt stopping of the overturned load receiver 7
and unloading of the collected dose;

* return of the emptied load receiver 7 to its original
position, accompanied by determination of its weight (tare
weight) and opening of the gate of the feed hopper 1.

All mechanical movements in these operations are
carried out automatically and only at the expense of the po-
tential energy of the dosed bulk material due to its weight.

In the initial position, the discharge opening 2 of the
feed hopper 1 is blocked by the flap 3, which is supported
by the platform 6. The empty load receiver 7 under the ac-
tion of the torque generated by the weight of the counter-
weight 11, which is greater than the torque generated by the
weight of the empty load receiver 7 and directed opposite
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to it, rotates counterclockwise on the semi-axes 14 until it
touches the upper support 9. At the final stage of the rota-
tion, the pusher 8 fixed in its upper part rests against the
finger 5 of the flap 3 and raises it, and the left side wall of
the load receiver 7 presses the upper limit switch 18, which
leads to its closure and start of the unit 20 for measuring
and displaying the weight. The unit 20, according to the sig-
nals of the weighing sensors 16, begins to periodically
measure the weight of the load receiver 7 with the elements
attached to it.

The design model of the discrete-acting batcher with
a overturning bucket is shown in Fig. 2.

According to the model, the reaction force of the
support 9 compensates for the total torque acting on the
empty load receiver 7 and is calculated by the formula:

Msym = Peyr - lelr +W-a, (1)
where Py and Peir — the weight of the counterweight 11 and
the empty load receiver 7, respectively; lcw and leir — hori-
zontal displacement of the centers of mass of the counter-
weight 11 and the empty load receiver 7 relative to the axis
of the rotary semi-axes 14 (shoulders of weight forces Pey
and Perr); W — the specific counteracting moment of the spi-
ral springs 17; o — the angle of deviation of the load receiver
7 from the vertical.
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Fig. 2. Design model of the discrete-acting batcher with a overturning bucket

In the initial vertical position, the angle o.= 0 and lcw
= Ip, ler = Ic. Through the open discharge opening 2 of the
feed hopper 1, the bulk material begins to flow under its
own weight into the load receiver 7 located below it. The

overturning moment created by the weight of the bulk ma-
terial poured into the load receiver 7 can be calculated by
the formula:

Moy = Py lu, @
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where Py — the weight of the bulk material filled into the
load receiver 7; v — is the horizontal offset of the center of
mass of the filled material relative to the axis of the rotary
axes (shoulder of weight force Py). With a symmetrical
shape of the load receiver and a.= 0: Iy = leir = lc.

As soon as the overturning moment created by the
weight of the bulk material filled into the load receiver 7
equals the total moment Mgn Created by the counterweight
11 and the empty load receiver 7, the load receiver 7 with
all the elements attached to it begins to rotate clockwise (the
friction force between the elements 14 and 15 can be ig-
nored due to its smallness). At the same time, the flap 3 of
the feed hopper 1, which is no longer held by the pusher 8,
rotates on its axis under its own weight until it stops against
the platform 6 and blocks the discharge opening 2, inter-
rupting the flow of bulk material to the load receiver 7.
Thus, the filling stops, which eliminates the dynamic im-
pact of the material flow on the weighing sensors 16. At the
same time, the side wall of the load receiver 7 moves away
from the upper limit switch 18, which leads to its opening.
According to the signal of the switch 18, the current meas-
urement result is stored in the unit 20, not distorted by the
dynamic effects of the material flow and the movement of
the load receiver 7. This measurement result corresponds to
the weight of the dosed portion of the bulk material and the
load receiver 7 with all the elements attached to it, i.e., the
“gross” weight Ps. Under the action of the overturning mo-
ment, and, after acceleration, the moment of inertia too, the
load receiver 7 rotates clockwise on the semi-axes, and at
the end of the overturning, its movement is inhibited by in-
creasing the counteracting moment We of the spiral springs
17. Stopping of the load receiver 7 in a vertical overturned
position at omax = 180° occurs due to the collision of its right
side wall with the lower limiting support 10, which also ad-
ditionally serves as a shock absorber and prevents the re-
verse movement of the load receiver 7. At the same time,
the side wall of the load receiver 7 presses the lower limit
switch 19, which causes it to close and restart the unit 20,
which begins to periodically measure the weight with in-
creased frequency. At the same time, the dosed portion of
bulk material quickly spills out of the overturned load re-
ceptor 7 into the receiving container (not shown in the block
diagram) due to the collision and under the influence of its
own weight. Further, under the influence of the counteract-
ing moment, if the condition

W max > Pew “lew = Perr * leir ©))
is satisfied, that is ensured by selecting the required stiff-
ness of the springs, the emptied load cell 7 on the semi-axes
14 begins to rotate counterclockwise, returning to its origi-
nal position. At the same time, the side wall of the load re-
ceiver 7 moves away from the lower limit switch 19, it
opens and, according to its signal, the current measurement
result is stored in the unit 20, not distorted by the dynamic

effects of the lower support 10 and the reverse movement
of the load receiver 7. This measurement result corresponds
to the weight of the empty load receiver 7 with all the ele-
ments attached to it and the remaining bulk material stuck
to its walls, i.e. the “tare” weight Pr. After returning the
load receiver 7 to its original vertical position, the process
is automatically repeated without energy consumption for
mechanical movement of the batcher elements.

Unit 20 calculates the precise value of the dose
weight — the “net” weight — based on the two weighing re-
sults P and Py obtained in one dosing cycle, which is cal-
culated using the formula:

Py = P; — Pr, 4)
where Pt — the “tare” weight; Pg — the “gross” weight.

The calculated “net” weight is not distorted by dy-
namic influences and the weight of the bulk material resi-
dues adhering to the walls of the load receiver 7, and the
summation of the obtained values allows determining the
exact value of the total weight of the bulk material that has
passed through the batcher.

The weight of the dosed portions of bulk material is
directly determined by the ratio of stable values of the geo-
metric and weight parameters of the dosing elements, cal-
culated by the formula:

PM — Pew'lp lcpelr lC' (5)

The weight of the dosed portions of bulk material
can be adjusted by selecting the weight P of the counter-
weight 11 and moving it along the lever 13, which changes
the value Ip, with the dose indication on the scale 12. The
weight of the portion and the dosing process itself practi-
cally do not depend on the friction forces in the rotating
bearings of the load receiver 7, due to their smallness,
which is ensured by design (lubrication, protection against
contamination, etc.). This increases the reliability and accu-
racy of batch weighing of bulk materials while almost elim-
inating energy consumption for dosing. Precise measure-
ment of net weight by weighing sensors and a weight meas-
uring and display unit increases the accuracy of accounting
for the weight of portions and the total weight of the bulk
material to be dosed. This allows for remote weight control
of the weight of the dispensed portions of bulk components
in the process flows.

5. Mathematical model of the batcher

The process of overturning the batcher’s bucket is

described by the following differential equation:
2

Jog + PS4 My + My — Moy, = Mg = 0, (6)
where J — the moment of inertia of the system; Py — the
coefficient of friction in the bearings; M- — the moment pro-
duced by the weight of the load receiver; My — the moment
produced by the weight of the bulk material; Mcy — the mo-
ment produced by the counterweight; Mg — elastic moment

produced by the springs.
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The moments included in equation (6) can be ex-
pressed through the constructive parameters of the batcher,
which are indicated in the design model (Fig. 2).

Moment produced by the weight of the load receiver:

My = Py 1’(hA —he)? + 1% sin(y + @),
(7

where Py, — is the weight of the load receiver; ha — the height
of the center of gravity of the load receiver; hc — the height
of the rotating axis; Ic — the distance between the line of
action of the load receiver weight and the rotation axis;

_ : ke .
y = arcsin( /(hA_ O Lé)’

o — the angle of inclination of the load receiver.
Moment produced by the weight of the bulk material:

My = Py - [(hg — he)? + 1.2 sin(B + ),

®)
where Py — the weight of the bulk material; hz — the height
of the center of gravity of the bulk material; p — the angle
of initial spring tension.
Moment produced by the counterweight:

My = Foy -/ h(z,‘ + l% -sin(n — a), ©)
where Pcy — the weight of the counterweight; Ip — the dis-
tance between the center of gravity of the counterweight
and the axis of rotation;

n = arcsin(—2—).
hZ+i3
The elastic moment produced by springs:
My = K - a,
where K — the specific elasticity of the springs.
Taking into account expressions (7)—(10), the dif-
ferential equation (6) will take the form:

%-I-Pfrz_(:-l'Plr : ,/(hA_hc)Z‘l'lc2 -sin(y + a)+
+PM * (hB - hc)z + lCZ ‘Sin(ﬁ + a) -

—P,, -JR:+ 13 -sin(n —a) — Ky -a = 0.

(10)

(11)
The second-order differential equation (11) is non-
linear and can be solved only by numerical methods. There-
fore, to determine the geometric and weight parameters of
the batcher in the first approximation, it is necessary to con-
sider the static equations of moments for different stages of
its operating cycle.
At the beginning of filling the load receiver, the
equation of moments has the following form:
My — My, + Mpy = 0,
where Mp; — the moment of clamping force of the load re-
ceiver against the upper limit switch,
Mp; = My, — My, > 0,

Mcw > er-
From this, we can derive the ratio to ensure a stable
equilibrium;
Pir

cw

(12)

At the end of filling the load receiver, the equation
of moments is as follows:
M, + My, — M, + Mp, = 0,
Mp, = Mgy, — My — My (13)
Putting the expressions for the corresponding moments in
(13), we can obtain the static characteristic of the transfor-
mation:

_ Pey
PMF_Plr__'lDr

o (14)
where Pue — the value of the weight of the bulk material at
the end of filling the load receiver.

We can also formulate constraints that are imposed
on the Ip parameter. Geometric constraints are calculated
by the formula:

Iomin = R — I + 72, (15)
Lcw — the length of the counterweight.
Weight constraints give us value:
_ (PMFmintPir)lc _ (Kmhc+Pi)-lc
lein - - ' (16)

PCW PCW

6. Conclusions

The article considers batchers of bulk materials used
in technological processes at enterprises of various indus-
tries. The design of a discrete-acting batcher with an over-
turning bucket is proposed, which consists of a feed hopper,
a load receiver, a counterweight, limiting supports, weight
measuring and display unit.

The proposed batcher has the following advantages
in comparison with known ones:

e exclusion of additional energy consumption for
dosing due to the design features of the batcher;

* reduction of dynamic influences on the dosing ac-
curacy;

* elimination of the dosing error caused by sticking
of bulk material on the walls of the load receiver.

The second and third advantages are provided by the
chosen method of calculating the weight of a portion of
bulk material.

The mathematical model of a discrete-action batcher
with an overturning bucket is investigated, and recommen-
dations for calculating the geometric and weight parameters
of the batcher are given. It should be noted that the values
of the batcher’s parameters obtained from the consideration
of the static equations of moments should be verified and
clarified by using the results of the numerical solution of
the second-order differential equation describing the pro-
cess of overturning the batcher's bucket.
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