
193

Section IV:  
MEASUREMENTS IN THE INDUSTRY

1. Introduction
Metal casting is a very old craft. Since ancient 

times when humans discovered metal, they started 
melting, casting and molding it to make tools and 
weapons for hunting.

In contemporary industry, metal casting is 
a process essential for machine manufacturing, 
buildings and everything consisting of metal parts.

The creation of hollow molding crates with 
high accuracy and smoothness is one of the most 
significant parts of metal casting, In the beginning 
molding crates were manually made with sealing 
instruments for manual tamping and crude mixtures 
were used for molding. The whole process was 
conducted and observed by a person and that led to 
bad smoothness, reduced accuracy and low molding 
quality. Subsequently, the process was optimized 
by using vibration tables and pneumatic tamping. 
The smoothness and tamping were improved to the 
highest level but the process could still be bettered 
by reducing its duration and the still existing large 
loss of materials. 

As technology kept developing in the industry, 
automated information – measurement systems were 
introduced in molding and metal casting. One such 
system is presented in this paper. In comparison to 
the methods used in the past, the automated system 
improves the production rate. The pattern used in the 
system is obtained by mixing sand with resin and acid. 
It has better hardness and tensile and compressive 
strength compared to water glass and carbon dioxide 
mixtures or raw mixtures that only consist of bentonite. 
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Very little extra thickening is done, sufficient to cover 
the model, thus saving some time.

2. Description and characteristics  
of the system
In this project the program LabVIEW is used for 

simulating an information – measurement simulation 
module for automated system for processing, mixing 
and regenerating of molding material in metal 
casting. The system consists of: 

• medium bunker which is loaded with fresh 
sand (5);

• bunker with resin, which is used to retain the 
sand (6);

• bunker with acid, which is a catalyst and is 
used to make the sand harden faster (7);

• small bunker, which is 5 times smaller than the 
middle bunker and which is loaded with regenerated 
sand (1);

• transitional bunker which 2 times smaller 
than the small bunker and which is loaded with sand 
coming from the small bunker (2);

• compressor, which transports the sand from 
the transitional bunker to the big bunker (3);

• big bunker, which is 10 times bigger than the 
middle bunker (4);

• mixer (9), where the materials are mixed and 
are transported to the molding crate (10). 

Before the process begins, it is necessary to fill in 
the middle, resin and acid bunker. The experimental 
set – up when the three bunker are being filled is 
shown on fig. 1.   
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The process begins after the necessary quantity of 
sand for the molding crate is selected. First the fresh 
sand is transported to the mixer through a three – way 
valve (8). In the meantime resin, which is 2,5% of 
the selected amount of sand, and acid, which is 25% 
of the quantity resin, is transported to the mixer. The 
amount of materials is controlled by valves, which are 
tuned with respect to / considering the temperature of 
the working environment and the size of production. 
In following executions of this cycle fresh sand and 
used sand, which is conveyed through the small 
bunker, are mixed. 20% of the needed quantity for 
the molding crate consists of fresh molding mixture 
and the rest amount consists of already used (called 
regenerated mixture) for the previous molding shape 
mixture. The regenerated mixture is transported to 
the small bunker. On the input of the small bunker, 
there is a valve, which is closed after a level indicator 
signalizes that the maximum level is reached. The 
mixture is then transported from the small bunker 
to the transitional bunker. There is another valve on 
the input of the transitional bunker, which works 
on the same principal. Afterwards, the mixture is 
conveyed from the transitional to the big bunker 
through pressure, created by a compressor.  The 
big bunker can contain a big amount of regenerated 
mixture, which can be used if it is required to make a 

bigger molding crate. The used mixture is transported 
through the three – way valve to the mixer and the 
rest of the molding crate is then filled. 

3. Sensors used in the information – 
measurement system.
Two paddle sensors can be used to signalize for 

minimum and maximum reached level of the sand 
in the small, medium and big bunker. A motor driven 
shaft causes the vane to rotate. Once the material level 
reaches the vane, thereby preventing further rotation, 
this creates a torque, which is converted via a switch 
to an electric signal. Once the vane is free again of 
the material, the output signal is reset and the motor 
driven shaft rotates again [1].

For further convenience, two ultrasonic level 
sensors can be used for indicating the minimum and 
maximum level of resin and acid.  Their principle 
of operation is based on the generation of ultrasonic 
impulses directed towards the bottom of the reservoir. 
The fill level of the tank is a function of the period 
for which an ultrasonic impulse travels the distance 
to the surface of the work environment, reflects it 
and returns back to the receiver. When measuring 
the level of ultrasonic sensors, viscosity, density 
and dielectric constant of the working environment 
do not interfere [2].

Fig. 1. Filling the middle, resin and acid bunker
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One capacitive sensor at the outlet of the small, 
medium and large bunker is also used, which informs 
whether there is material. Capacitive sensors are 
used to measure electrically conductive and non - 
electrically conductive objects. They are mainly used 
to measure the position of objects. Output signals 
measure the distance between the sensing surface of 
the sensor and the object. When the sensor is static, 
any change in the output information is considered 
to change the position of the object [3]. 

If the capacitive sensor indicates that there is no 
material, but the level sensor in the small, medium or 
large bunker shows that the level is above minimum, 
an alarm will be activated and the system will stop 
because this means that there is a blocked area and 
the process can not continue until the problem is 
resolved. 

An alarm will also be activated when the 
generated pressure from the compressor is lower or 
higher than the nominal one.

4. Simulation and experimental results.
The measurement module implemented in the 

program environment LabVIEW is simulated and 
the results are presented in the next part of the report. 

• Selecting the amount of sand required for 
the mold;

• Starting the program;
• Checking if there is sand and material 

available in the medium, resin and acid bunker;
• Filling the bunker if there is no material or 

it is below the minimum set level (fig. 1);
• Leading the required molding materials to 

the mixer and from the mixer to the mold (fig. 2);

 
Fig. 2. Transferring the required amount of material from 

the 3 bunker to the mixer and the molding crate.

• Replenishing the medium bunker if the 
selected form size is more than 400kg, as the 
difference from the minimum level of the medium 

bunker (50 kg) to the maximum level (450 kg) is 400 
kg (fig. 3);

 

Fig. 3. Filling the medium bunker.

• Sifting and transporting the used sand 
(regenerate) to the small bunker (fig. 4);

 

Fig. 4. Filling the small bunker.

• Filling the transitional bunker two times, as 
it is two times smaller than the small bunker (fig. 5);

 

Fig. 5. Filling the transitional bunker.

• Conveying the regenerated mixture to the 
big bunker (fig. 6);
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Fig. 6. Filling the big bunker.

The process from fig. 4, fig. 5 and fig. 6 is 
repeated as many times as the required amount of 
sand divided by 90, which is the amount of sand that 
can be collected in the small bunker.

The process continues, taking 20% of the desired 
amount of sand from the unused sand in the medium 
bunker and 80% of the regenerated mixture from the 
big bunker.

5. Conclusions
In the realized simulation of an information 

measuring module for an automated system for 
processing, mixing and regeneration of molding 
mixture, there is an increased productivity and 
quality of molding. Simulation of sensors allows the 
choice of appropriate physical devices in line with 
the volume of product flows. With sensors available, 

the inclusion of their metrological uncertainty in the 
overall simulation of the process ensures a robust 
performance check before the physical installation 
of the device. The same approach can be applied to 
verify the results of the actual process. 

As an additional advantage it can be shown that 
the system does not need constant control. After a 
certain number of molds are produced, the percentage 
of acid and resin is automatically reduced, which also 
contributes to the speed of the process.
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