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ADAPTIVE METHOD OF ESTIMATING 
THE DYNAMIC CHARACTERISTICS OF 
THE BOTTOM PRESSING PROCESS WHEN 
MAKING DISPOSABLE CASTING MOLDS

The object of research in the paper is the process of bottom pressing in the manufacture of disposable sand molds.
The existing problem is that in practical conditions it is almost impossible to determine the forces acting in the 

molding mixture in the process of lower pressing. This leads to the fact that in the real process, with the selected 
pressing modes, the requirements regarding the density of the mixture in the furnace during the manufacture of 
the half-form may not be met.

To solve this problem, it is proposed to build a method that does not require measurement of effort in the system, 
but allows to obtain dynamic characteristics of the pressing process based on an adaptive approach to determining 
the technological effort.

It is hypothesized that it is possible to evaluate the dynamic characteristics of the compaction process in an 
industrial process without measuring the forces acting in the system during lower pressing. This can be done re-
gardless of which drive is used – pneumatic or hydraulic.

It is demonstrated how the kinematic characteristics of the process can be determined based on the use of  
D-optimal plans on a segment.

The proposed method includes 12 points that involve the implementation of experimental and industrial studies 
directly on the operating equipment based on the use of D-optimal plans and further adaptation of the process 
of finding the force acting on the molding mixture. The adaptation is based on a preliminary assessment of the 
kinematic characteristics of the pressing process and involves the calculation of the technological effort that ensures 
the achievement of the given time of the coordinate of the lower plane of the molding mixture obtained from the 
equation of kinetics.

The results of the implementation of the method make it possible to identify different stages of the pressing 
process and the distribution of the density of the mixture along the height of the column of the molding mixture.

The practical implementation of the method can help in setting up the control system of the lower pressing 
process depending on the equipment parameters. Therefore, the presented research will be useful for machine-
building enterprises that have foundries in their structure, where shaped castings are made in one-time sand molds.

Keywords: sand mold, press molding machines, compaction of molding mixture, bottom pressing, foundry equip-
ment, D-optimal plans.
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1.  Introduction

The quality of production of one-time sand molds largely 
determines the quality of the finished castings, along with 
the influence of the design of the gating system  [1] and 
the quality of molding and core mixtures  [2, 3]. Modern 
approaches to design and technological solutions are based 
on the use of CAD/CAM/CAE tools. However, in order 
to correctly use these tools, a qualitative analysis of the 
casting geometry is necessary for its complexity  [4–6] and 
the possibility of finding the simplest and most economical 
technological solutions. This requires not only qualitative, 
but also quantitative analysis  [7] of the complexity of the 

design embedded in the casting equipment. This is especially 
important in the case of machine molding.

It is important to note that, despite the promising ex-
pectations from 3D simulation modeling in relation to the 
prevention of casting defects  [8], not taking into account 
the technological conditions of compaction will not live 
up to expectations. This is due to the fact that under- or 
over-compaction of the mixture will lead either to a  vio-
lation of the geometry of the castings, in the first case, 
or to the formation of gas porosity, in the second case. 
Therefore, it is important to find rational compaction modes, 
which is difficult to do in the absence of automation 
systems with control of all necessary process parameters,  
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especially if compaction is carried out on shaking-press 
machines. Even making design changes based on optimiz-
ing shaking processes with further pressing  [9, 10] will 
not be effective.

A good solution would be to rationalize the compression 
compaction process, which is efficient in terms of produc-
tivity and the ability to use in automatic lines, but the 
restrictions on the height of the flask for such processes 
are an obstacle if the castings are oversized. However, even 
in the case of such restrictions, it is not always possible to 
carry out the process with the specified quality indicators, 
since it is practically difficult to estimate the forces acting 
on the mixture during the compaction process, taking into 
account the complex geometry of the equipment. This leads 
to some uncertainty regarding process control, regardless 
of whether the actuator is pneumatic or hydraulic.

The dynamic characteristics of the pressing process 
determine compaction control processes and are taken into 
account in automated solutions in ready-made molding 
complexes [11, 12] produced by global developers of foundry 
equipment. The corresponding solutions are, as a rule, 
a commercial secret and are not declared by the developers.  
Therefore, each enterprise equipped with compression mold-
ing equipment must find its own rational solutions. Such 
decisions must be based on knowledge of the dynamic 
characteristics of the process. However, it is quite difficult 
to describe such processes in production conditions, since 
this requires controlling a number of factors that are not  
subject to actual measurements.

All this allows to talk about the feasibility of research 
devoted to methods for indirectly assessing the parameters 
of the pressing process, on the basis of which it would be 
possible to identify dynamic characteristics and choose ra-
tional or optimal control of the pressing compaction process.

The object of study is the process of bottom pressing 
in the manufacture of one-time sand molds.

The aim of study is to develop a method that allows 
indirect assessment of the dynamic characteristics of the 
mixture compaction process in flasks.

2.  Materials and Methods

The research hypothesis was that the dynamic cha
racteristics of the compaction process can be assessed 
directly in the industrial process, without measuring the 
forces acting in the system during bottom pressing. This 
can be done regardless of whether the drive is pneumatic  
or hydraulic.

A diagram of the research object was used based on the 
well-known diagram of the bottom pressing process [13], but 
in a simplified representation for a pneumatic drive (Fig. 1).

To determine the kinematic characteristics of the process, 
the method of constructing D-optimal plans on a segment 
was used. This approach was justified by the fact that 
with a small height of the filling frame, the trajectory of 
the work table, the stroke of which is equal to the height 
of the filling frame, can be represented by a second-degree 
equation. To do this, taking into account the D-optimality 
of the experimental plan on the segment, it is enough to 
determine the values of the current coordinate for three  
moments of time – the initial, the end of the full move-
ment of the table, the return of the table to its original 
position, that is, at t = t0

  (x = xmin = 0), t = t1
  (x = xmax = h), 

t = t2
  (x = 2xmax = 2h).
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Fig. 1. Diagram of the bottom pressing process: x – current coordinate 
along the height of the filling frame; H – height of the flask;  

h = SH – height of the filling frame; Sx – gap between the press plate and 
the top of the flask; F – diameter of the pressing plunger; ↑ – lifting force 
table with modeling equipment and molding sand created by pressure from 

the line; ↓ – gravity force created by the weight of all lifted parts;  
↓ – resistance forces from the compacted mixture (shown conditionally), 

the friction force in the seals of the press cylinder is not shown

For simplicity, it was assumed that a stroke equal to 
the gap Sx had already been completed. From the point of 
view of developing a method for determining characteristics, 
such a simplification does not affect the result, and the 
value of Sx can be taken into account in the components 
of the forces acting in the system.

Dynamic characteristics were determined based on the 
basic equation of dynamics in projection onto the x axis:

m x P Pix
i

n

techΣ  = =
=
∑

1

,	 (1)

where mΣ – the mass of the parts being lifted; Pix – the i-th 
force acting in the system (Fig. 1) (in the future, the index 
x is omitted, taking into account the unidirectionality of 
the movement); Ptech – the technological force, which is 
the resultant of all forces acting in the system during the 
process seals (Fig. 1).

3.  Results and Discussion

The proposed method consists of the following steps:
1.	 An industrial workshop experiment is carried out – on 

an operating pressing machine, readings are taken of the 
time spent on the forward movement of the table, equal to 
the height of the filling frame, and on the reverse move-
ment of the table, i.  e. t = t0

 (x = xmin = 0), t = t1
 (x = xmax = h), 

t = t2
  (x = 2xmax = 2h). In this way, a triple of values xi–ti 

is formed.
2.	 The input variable is the table stroke value x, which 

is normalized by the formula:

x
x x

Inorm =
−

,	 (2)

where x – the natural value of the input variable; x  – the 
average value of the input variable; xnorm – the normalized 
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value of the input variable; I – the interval of variation of 
the input variable:

I x x x x= − = −max min .	 (3)

Operation (2) transforms the natural values of the 
input variable into the normalized range  [–1; +1].

3.	 Based on three points xmin = –1, xmax = +1, x = 0,  
a D-optimal plan is constructed and these three values of 
the input variable are assigned experimental values of the 
time spent on traveling this path (x1 = 0, x2 = h, x3 = 2h). 
The structure of the equation obtained from these three 
points is as follows:

t a a x a xnorm norm= + +0 1 2
2 ,	 (4)

where ai – the coefficients to be determined.
In its natural form, equation (4) is presented as follows:

t a a
x x

I
a

x x

I
= +

−
+

−





0 1 2

2

.	 (5)

Based on this equation structure:
–	 the matrix of the D-optimal plan has the form:

F =
−













1 1 1

1 0 0

1 1 1

;

–	 the transposed matrix of the D-optimal plan has 
the form:

FT = −














1 1 1

1 0 1

1 0 1

;

–  the normalized dispersion matrix has the form:

D =
−

−















3 0 3

0 1 5 0

3 0 4 5

.

.

.

Estimates of the coefficients of equation (4) are cal-
culated using the formula:

A DF XT=
1

3
,	 (6)

where A – a matrix of coefficient estimates; X – a column 
vector of values of the output variable.

The resulting equation (4) allows to determine the 
dependence t = f(x) in normalized form, which has the form  
of a polynomial of the second degree.

4.	 The input and output variables are swapped and  
3 values of the variable t are selected according to the three 
points of the D-optimal plan tnorm_min = –1, tnorm_max = +1, 
tnorm = 0, having previously normalized t using formulas (2),  
(3), substituting in these formulas instead of natural values 
xmin, xmax, x  natural values tmin, tmax, t , obtained from an 
industrial experiment.

5.	 Three quadratic equations (5) are solved – for each 
of the three values of t: tmin, tmax, t . The resulting roots 
of the equation form the values xi for three points of the 

D-optimal plan tnorm_min = –1, tnorm_max = +1, tnorm = 0, and 
represent the output variables for constructing a depen-
dence inverse to t = f(x), i.  e. x = j(t).

6.	 Using formula (6), the coefficients of the equa-
tion x = j(t), which is a second-degree polynomial of the  
form (4), but with coefficients b0, b1, b2, are calculated.

7.	 The operation of converting the normalized form 
of the equation into a natural one is carried out accord-
ing to formula (5), with the only difference that not the  
coefficients a0, a1, a2, but the coefficients b0, b1, b2  
are used.

8.	 The final equation x = j(t) is written, describing 
the trajectory of the working table and, accordingly, the 
movement of the lower plane of the molding sand.

9.	 Differentiating the equation x = j(t) the first time, 
the pressing speed is obtained, differentiating the second 
time, the pressing acceleration is obtained. Thus, a com-
plete system of equations was obtained that describes the 
kinematics of the pressing process:

x t t= + +β β β0 1 2
2,	 (7)

x t= +β β1 22 ,	 (8)

x = 2 2β ,	 (9)

where

β0 0 1 2= − +b b b ,	 (10)

β1
1 2

2

2
= −

b

I

tb

I
,	 (11)

β2
2

2=
b

I
.	 (12)

10.  Equation (1) is integrated:

x
m

P
t

tech=
1

2

2

Σ
.	 (13)

11. Numerical modeling selects Ptech values that ensure 
at time t that the coordinate x is equal to that obtained 
from equation (7).

P.  11 is an adaptation of the process of finding the 
force acting on the molding sand, based on a preliminary 
assessment of the kinematic characteristics of the press-
ing process.

12.  Assessing the position of the middle plane of the 
molding mixture in the flask and filling frame (ξ) at the 
actual position of the lower plane of the mixture x = xi (Fig. 1) 
using formula (14), the density of the mixture at the 
level ξ is calculated.

ξ = + −( ) ./H h x 2 	 (14)

The value ξ is measured from the top plane of the flask.
Below is a hypothetical example of using the adaptive 

method 1–12.
Initial data are shown in Table  1.
Let the data from industrial experiments record the 

average time values for the forward motion of the table 
(x2 = h) and the reverse motion of the table (x3 = 2h), given 
in Table  2.
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The coefficient matrix A, calculated using formula (6), 
is equal to:

A =
−















3

2 5

0 5

.

.

.

Therefore, the equation t = f(x) in normalized form is 
presented as follows:

t x xnorm norm= + −3 2 5 0 5 2. . .	 (15)

Then the equation t = f(x) in natural form (5) is pre-
sented as follows (Fig.  2):

t E x x= + −4 15 17 5 12 5 2 . . .	 (16)

t=–12.5x2+17.5x+4E-15
R2=1

0

1
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3

4

5

6
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t, 
c

x, m
Fig. 2. Dependence t = f (x) in natural form

Completing steps 4–8 leads to the final equation x = j(t) 
in natural form:

x t t= +0 0496 0 00608 2. . .	 (17)

The results of the calculation using formula (17) for the 
time interval of the pressing process, that is, the forward 
motion of the table, are presented in Table  3.

The principle of implementation of clause 11 is demon
strated in Table 4.

Table 3

Results of calculating the coordinates of the lower plane  
of the mixture on the forward motion of the table

t, s x, m

0 0

0.5 0.026

1 0.056

1.5 0.088

2 0.124

2.5 0.162

3 0.204

Table 4

The principle of adapting the process of finding the force acting  
on the molding sand

Рtech

66 35.5 1020 455 243 147

x, m

0 0 0 0 0 0

0.026 0.014 0.001 0 0 0

0.104 0.056 109.959 0.008 0.004 0.003

0.234 0.126 0.088 0.039 0.021 0.013

0.416 0.224 0.278 0.124 0.066 0.04

0.651 0.35 0.682 0.304 0.162 0.098

0.937 0.504 1.413 0.63 0.337 0.204

Table 1
Initial data for assessing the dynamic characteristics of the pressing process

Parameter Designation Dimension Data

Clear height of the flask Н m 0.3

Clear width of the box В m 0.4

Flask length L m 0.5

Filling frame height h m 0.2

Bulk density δ0 kg/m3 960

Required mold density δ kg/m3 1560

Gap Sx m 0

Model kit volume Vm m3 0.00384

Mass of particles lifted during pressing mΣ kg 317

Table 2
Data from industrial experiments to determine the time to lift the table and return it to its original position

Experimental point according to D-optimal plan
Time

Natural value Normalized value

Designation Value, m Designation Value Designation
Average value based on the results of k experiments for each point  

of the D-optimal plan, s

x1 0 x1norm –1 t1 0

x2 = h 0.2 x2norm 0 t2 3

x3 = 2h 0.4 x3norm +1 t3 5
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In Table  4, the x values corresponding to the data 
in the table are indicated in Table  3, and describing the 
coordinate of the lower plane of the molding sand obtained 
from the kinetics equation (17).

The results of the calculation using formula (14) and 
the calculation of the density of the mixture at this level 
are shown in Fig.  3.

δ=226.42l((H+h–x)/2)–1.055

R2=1

0

500

1000

1500

2000

0 0.05 0.1 0.15 0.2 0.25 0.3
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 k

g/
m

3

(H+h–x)/2, m

Fig. 3. Distribution of mixture density according  
to the position of the middle plane of the mixture  

during the pressing process

Combining the results shown in Table  4 and Fig.  3 
leads to the final results of assessing the dynamic charac
teristics of the pressing process (Table  5).

Table 5

Summary results of calculating the dynamic characteristics  
of the pressing process

t, s x, m v, m/s δ, kg/m3 (H+h–x)/2, m Рtech, N

0 0 0.0496 1000 0.24 66

0.5 0.026 0.05568 1060 0.227 35.5

1 0.056 0.06176 1138 0.212 1020

1.5 0.088 0.06784 1236 0.196 455

2 0.124 0.07392 1368 0.178 455

2.5 0.162 0.08 1542 0.159 243

3 0.204 0.08608 1794 0.138 147

Approximation of the results obtained allows to iden-
tify different stages of the process, identifying the fate of 
plasticity and elasticity of the mixture (Fig.  4).

Area No1: P=612271x2–17073x+66 
R2=1

Area No2: P=19.384x–1.378 

R2=0.934
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Fig. 4. Graph of the pressing process with areas of plasticity  
and elasticity of the mixture

So, from Fig.  4 it is possible to see that at the first 
stage, corresponding to the section x ≈ (0–0.03)m, the 

mixture is deformed with virtually no resistance and 
virtually no effort from the pressing piston. The section  
x ≈ (0.03–0.06)m characterizes the deformation of the mix-
ture without resistance, that is, the section of plasticity. 
Starting from x≈0.06m, the mixture begins to exhibit elastic 
properties, creating a resistance force that increases as 
the working table moves upward.

In addition, the results obtained make it possible to 
assess the achievability of the specified requirements for 
the density of the mixture at the height of the flask. So, 
as follows from Fig. 3, the specified density of 1560 kg/m3  
corresponds to approximately half the height of the flask. 
This suggests that it is impossible to ensure high-quality 
compaction over a flask height of 0.3  m.

The advantage of the proposed method is the sim-
plicity of assessing the actual parameters of the pressing 
process – the effort and density of the mixture and their 
distribution along the height of the mixture column. This 
approach also makes it possible to estimate the resistance 
values on the side of the mixture in dynamics, if the pres-
sure supplied to the press piston is known. This may be 
interesting from a theoretical point of view for identifying 
the mechanism of deformation of the mixture, the mag-
nitude of its elasticity under various technological press-
ing modes and for various equipment parameters. From  
a practical point of view, this can be useful for calculating 
the correction value of the pressing pressure, which can 
be taken into account and included in the control system 
for the lower pressing process.

A limitation of the study is the assumption that the 
coefficients of equations (4), (5), (7) are constant.

The disadvantage of the study is that the system is 
considered from the perspective of the movement of a solid 
body, which is a work table with a model kit, but not 
molding sand. Therefore, it is likely that when using the 
method in practice, the results obtained may differ from 
the theoretical ones. This will require further adaptation 
for specific production conditions.

The development of this research is possible in the 
direction of collecting and processing the results of prac-
tical tests of the method, identifying the factual validity 
of the assumptions and simplifications made.

4.  Conclusions

The proposed method makes it possible to quite simply 
evaluate the dynamic characteristics of the bottom pressing 
process. This is achieved by implementing experimental 
industrial research directly on existing equipment based on 
the use of D-optimal plans and subsequent adaptation of 
the process of finding the force acting on the molding sand.  
Adaptation is based on a preliminary assessment of the 
kinematic characteristics of the pressing process and in-
volves the calculation of the technological force, which 
ensures that at a given point in time the coordinates of 
the lower plane of the molding sand, obtained from the 
kinetics equation, are reached.

The results of the method implementation make it pos-
sible to identify the various stages of the pressing process 
and the distribution of mixture density along the height 
of the molding sand column.

The practical implementation of the method can help 
in setting up a control system for the bottom pressing 
process depending on the equipment parameters.
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