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 The article describes a control logic used to automate the mixing stage of the 

instant mashed potato process, in order to improve the quality of the final 

product. Thus, initially the characteristics of the automated process are 

detailed, specifying the programming logic on the programmable logic 

controller, to later demonstrate through a data collection process the 

percentage of improvement in the quality of the final product from the 

perspective of the users. Indicators: percentage of humidity in the mixing 

stage, water absorption index (IAA), water solubility index (ISA) and 

hydrogen potential (pH). The development of the research concludes that the 

automation of the process, achieved that the IAA index and the ISA index, 

obtained in the spraying stage, improve by 8.13% and 23.05%, respectively, 

finding analyzed values within the optimal ranges. This in turn reflected a 

39.61% improvement with respect to the humidity percentage, measured in 

the mixing stage, thus improving the quality of the final product, which 

brings with it a significant increase of 84.44% in production levels. 
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1. INTRODUCTION 

The current problem for many companies that are part of the food industries is that many of these are 

not prepared to face the continuous innovation that global competitiveness requires [1]. The input transport 

process and its dosage in the food production process are often supervised by an operator [2]; this leads the 

operator to be more attentive to machine jams than to the quality of the final product [3]. Abbas et al. [4] 

pointed out that the decrease in productivity is also reflected by the dead times in which the machines are turned 

on but still, this due to jamming. Lopez [5], a case is described, with respect to a company dedicated to the food 

industry, in which the switching on and off of the production process is purely mechanical and manual, 

controlled by a staff who acted as operator, whose job was to flip a start and stop switch, this is the case [6] it is 

stated that in non-automatic processes, the function of the opposites is to interrupt the filling of inputs to obtain 

the product, said control strategy does not guarantee a balanced dosage of inputs. 

Now in relation to the production process related to the production of instant yellow potato puree, in [7], 

it is pointed out that Peru has an enviable variety of potatoes, but its low industrialization generates limited 

development opportunities for its producers. In response to the problem mentioned in the previous 

paragraphs in [8]-[10] it is indicated that the manufacturing processes in the food industry are capable of 

https://creativecommons.org/licenses/by-sa/4.0/
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being automated to improve efficiency with the use of low cost, low maintenance and high maintenance 

systems durability. In this regard, in [11]-[15], they state that automation is used in industry in order to 

achieve increased process efficiency and product quality and with this the competitiveness of companies. 

Large-scale production involves repetitive tasks, where a set of magnitudes must also be maintained 

within established preset margins, so through industrial automation and process control it is possible to 

increase production levels [16]-[19]. Thus, industrial automation is defined as the transformation of processes 

carried out manually by processes that seek to self-regulate in order to improve the quality of the final 

product from the optimization of the resources of a production process [20]-[23]. Also, in [24], it is stated 

that the most important technologies for a company that contains different processes related to food 

production are those related to industrial automation, which will improve the efficiency of the equipment 

used in the production process. 

In [25], the author states that automating the process related to the production of instant yellow potato 

puree guarantees an improvement in production time, as well as the quality of the final product. Also, in [26], 

what was said in the previous paragraph is reaffirmed, since it is specified that in the processing of potatoes to 

obtain mash, the automated systems guarantee to improve the quality, through the optimal dosage of the inputs 

used to obtain the product with the desired characteristics and quality. Along the same line of opinion in  

[27]-[29], they highlight that the greatest benefit of industrial automation is that it improves the quality of 

products because it inserts control strategies that, through sensors and final control elements, achieve self-

regulate production indicators, very specifically in the imnense processes in dosing of substances and inputs in 

the food industry. In this sense, this article aims to describe the operation and functioning procedure of the 

automated process of making instant mashed potatoes, under the approach of programmed logic, that is, making 

use of a programmable logic controller, in order to achieve improve the quality of the final product. 
 

 

2. DATA COLLECTION 

2.1.   Data collection technique and instrument 

In the case of data collection, the technique of observation and documentary analysis was used, and 

the instrument used was a record sheet of the indicators under study. It should be noted that these indicators 

are the ones that are most closely related to the concentration in the production of instant potato puree, 

considering it as a quality factor of the production process. These indicators are the percentage of humidity in 

the mixing stage, the water absorption index (IAA), the water solubility index (ISA) and the hydrogen 

potential value (pH). When these indicators are within the permissible range, it will be possible to visualize 

the improvement in the quality of the final product, thus increasing the quantity of production. For the 

analysis scenarios, that is, with the manual process and then with the automated process, measurement 

instruments were used such as the Fang Da 111G brand moisture meter, whose purpose was to capture the 

different values of the water absorption index (IAA) and the water solubility index (ISA) in the spraying 

stage, while, by means of a TEWS elektronik model MW 2300 meter, the percentage of humidity and pH 

was determined in the mixing stage. This collection was carried out for 30 days when the manual system was 

applied and then for 30 days once the automatic system was applied. 
 
 

3. PROCEDURE AND DEVELOPMENT OF THE AUTOMATION 

3.1.   Description of the automated process 

Next, Figure 1 outlines the operation and functioning procedure of the automated process for 

making instant mashed potatoes, under the focus of programmed logic. In Figure 1, the stages that are under 

the control of the programmable logic controller (PLC) siemens LOGO 230RC are highlighted, in which the 

process begins with the stage of transporting potato chips, whose operation will depend on the control 

established by the PLC. on the final elements (actuators). Once the above process is finished, the spraying 

process starts by driving a motor with a horizontal axis, in the low position a control strategy subjected to 

timed motor operation and relying on the mixing stage in which it is possible to dose adequately to through 

chemical inputs the concentration of mashed potatoes. 

Next, the operation of each stage is described, referring to the elements considered in the general 

scheme of the production process of instant mashed potatoes, shown in Figure 2. From Figure 2 it can be 

pointed out that, in the transport stage, initially when the start button is pressed, the coil of the electric 

contactor that controls the ignition of the electric motor M1, of the vertical conveyor belt, will be actuated, 

which will carry the potatoes in flakes, to the spraying stage. The transport stage has a duration of 10 

minutes, this time will be controlled by the TCRC1 timer, it should be noted that the potato chips are stored 

in a hopper, whose entry into the hopper will be carried out manually through an operator. After the 10 

minutes of the transport stage have elapsed, in the spraying stage, the solenoid valve 1 (EV1) and the 

solenoid valve 2 (EV2) will open, which will give way to the powdered chemicals, whose opening of the 
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valves will start to the dosing sub-stage, the duration of which will be 3 minutes, this time will be controlled 

by the TCRC2 timer. Once these inputs are entered, the electric motor M2 will be activated to start the 

spraying stage, for a time of 5 minutes, this time will be controlled by the TCRC3 timer. It should be noted 

that all the timers are associated with the PLC connection delay timer function. 
 
 

 
 

Figure 1. Scheme of the automated process for making instant mashed potatoes, under the approach of 

programmed logic 
 

 

 
 

Figure 2. General diagram of the production process of instant mashed potatoes 
 

 

After stopping the sprayer, the solenoid valve 3 (EV3) will open, which will output the mashed 

potato powder to the conveyor belt, this stage has a duration of 1 minute, this time will be controlled by the 

TCRC4 timer. It should be noted that once EV3 is open, the horizontal conveyor belt is automatically 

activated by turning on the M3 electric motor. The belt will transport the powdered potato puree to the 

hopper, which is connected to the mixer, this stage has a duration of 2 minutes, and this time will be 

controlled by the TCRC5 timer. Once all the supplies have been deposited in the mixer, the water delivery 

valve (EV4) will open, which will be activated for 2 minutes, this time will be controlled by the TCRC6 

timer, once the water is drained, it will automatically be It will drive the electric motor of the M4 mixer, 

starting the mixing stage, this stage lasts 15 minutes, this time will be controlled by the TCRC7 timer. Once 

the mixing stage is finished, the control solenoid valve for the output of the mixture (EV5) will open, for a 

time of 5 minutes, controlled by the TCRC8 timer, this is where the product obtained is ready for the 

packaging stage in sacheteras machines. Based on what is described below, I proceed to show the 

programming of the programmable logic controller associating the programming with what is described in 

the previous paragraphs. 
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In Figure 3, the start button (I1) is shown, which is responsible for actuating the coil of the electrical 

contactor (Q1) that will control the ignition of the electric motor M1, which operates the vertical conveyor 

belt. The operating time is determined by timer TCRC1 (B003). It is shown to the thermal relay I3 which will 

stop the process in case of overload. In addition, the mark M1 is observed, which is used to ensure that after 

10 minutes the coil of the electric contactor that controls the electric motor M1 (Q1) is deactivated. The 

person responsible for stopping the entire automation is the stop button represented in the programming by 

input I2. In Figure 4, the programming of the spraying stage is shown, which refers to the EV1 solenoid 

valves (Q2) and the EV2 solenoid valve (Q3), the operating time is given by the timer TCRC2 (B004), in 

addition I4 represents the emergency stop switch of these elements, the person responsible for driving the 

sprayer is given by means of the coil of the contactor of the electric motor M2 (Q4), whose operating time 

will be determined by the timer TCR3 (B005), thus also I5 represents the emergency stop switch of this 

stage, as well as I6 represents in the programming the safety element of the electric motor M2. The actuation 

of the EV3 solenoid valve (Q5) will depend on the operating time set in the timer TCR4 (B008), furthermore 

I7 represents the emergency stop switch of this element, the person responsible for driving the horizontal 

conveyor belt is given by means of the coil of the contactor of the electric motor M3 (Q6), the operating time 

is given by the timer TCR5 (B009), finally in this programming segment I8 represents the emergency stop 

switch of this stage, as well as I9 represents the safety element of the electric motor M3. 

 

 

 
 

Figure 3. Programming segment in the PLC for the transport stage 

 

 

 
 

Figure 4. Programming segment in the PLC for the spraying stage 
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In Figure 5, the programming segment of the mixing stage is shown, in which the solenoid valve EV4 

(Q7), whose operating time is given by the timer TCR6 (B016), thus also I10 represents the emergency stop 

switch of this element, the person responsible for driving the mixer is given by means of the contactor coil of 

the electric motor M4 (Q8), the operating time of which is given by the timer TCR7 (B017), finally I11 

represents the emergency stop switch of this stage, as well as I12 represents the safety element of the electric 

motor M4. It should be noted that in this programming segment the EV5 solenoid valve (Q9) is also shown, 

which will output the mashed potatoes to the sachette machine, the operating time is given by the timer TCR8 

(B018) and I13 represents the emergency stop switch of this item. It should be noted that the term NO 

represents a normally open element, while the term NC represents a normally closed element. 

 

 

 
 

Figure 5. Programming segment in the PLC for the spraying stage 

 

 

4. RESULTS AND DISCUSSION  

4.1.   Results 

As indicated, at the point of data collection, the effect generated by the automation of the process on 

the quality of the final product is directly related to the desired value of the moisture percentage in the mixing 

stage, for this, the absorption index water (IAA) and the water solubility index (ISA), measured in the spraying 

stage, must be within the range allowed by the food and agriculture organization of the united nations (FAO). 

Figure 6 shows the results obtained with respect to the water absorption index (IAA). 

 

 

 
 

Figure 6. Variation of the water absorption index (IAA) 
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Regarding the water absorption index (IAA), it can be observed in the previous figure that the 

automatic system does not present high variation peaks. Finding the values once the automation has been 

applied in a range of 12.11-12.97, which comply with what is established by the FAO, which indicates that the 

permissible values must be in the percentage range of 10,932-16,532. Likewise, in the manual system, since 

the IAA values are in a range of 10.1-16.45, it can be said that, when applying the automation, the water 

absorption index (IAA) has improved by 8.13%. The results obtained regarding the water solubility index 

(ISA) are shown in Figure 7. In Figure 7, its evolution is graphically shown under the analysis of the two 

scenarios (before and after automation). 

Regarding the water solubility index (ISA), it can be observed in the Figure 7, that once the 

automation has been applied, the ISA ranges are between 0.3-0.37; these values comply with what is 

established by FAO, which indicates that the values Allowable should be in the percentage range of  

0.287-0.450. Likewise, in the manual system, since the ISA values are in a range of 0.18-0.57, it can be said 

that, when applying the automation, the water solubility index (ISA) has improved by 23.05%. 

 

 

 
 

Figure 7. Variation of the solubility index in water (ISA) 

 

 

Since these indicators are related to the percentage of moisture in the mixture, it is expected with 

this, to obtain improvement results in terms of the quality of the final product. The results obtained show that 

from the control of the moisture percentage of the product with the automated process, it is possible to 

comply with the minimum allowable standards for such indicator (percentage range of 5-8). On the other 

hand, in the manual system, the values of the humidity percentage were in a range of 4-8.1, while with the 

automation the values are in the range of 6.9-7.5. For this reason, it can be said that, with the automated 

system, the humidity percentage was improved by 39.61%. 

The optimization of these indicators brings with it an improvement in the quality of the product that 

will be reflected in the increase in production. In other words, the production has experienced a significant 

increase of 84.44%, this quantitatively translates to that 1268 kg are produced per month, compared to the 

manual process, where only 687.5 kg were produced, this is equivalent to 634 bags of mashed potatoes being 

packaged per month, that is, 290 sachets of more than 2000 grams each, than was done before implementing 

automation. 

 

4.2.   Discussion 

Through automation, it is possible to optimize the water absorption index (IAA) and the water 

solubility index (ISA), thus generating that the potato flour is within the sieving margin (<0.22 mm). When 

these optimal values are found, in the mixing stage the percentage of humidity (%) improves by 39.61%, 

compared to that obtained in the manual process, in this way the quality in the concentration of the final product 

will be improved. These results are similar to what is established in [30], where it is pointed out that automation 

improves the humidity percentage of the mashed potato mixture, by 26.7%, since, in the 42 tests carried out, the 

humidity values were within of the established range. As indicated in the study of [31] the raw material in 

excess in the weighing stage went from 2 to 0.2 kg in five tests carried out after automation. The system, being 

more exact and precise in the composition of raw material, improves the quality of the final product. 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Automating the mixing and spraying stage of the instant mashed potato… (Guillermo Morales-Romero) 

777 

Regarding the results in the study of [32], it is pointed out that, since all the components of the system 

are with the correct design parameters, it is possible to improve the productivity of labor to 217.39 kg per man 

hour, the productivity of machine to 200 kg of Wantan pasta for each machine, the productivity of energy 

consumption in 17.15 kg / kWh and the yield of the production volume in 100%. With this improvement, the 

entire scheduled amount of production will be carried out with a 100% utilization of the machine. 

Consequently, automation manages to improve the indicators described and the hydrogen potential (pH) by 

8.3%. 

As indicated in [33]-[37] with the implementation of the new automated system, it was possible to 

shorten the times in the task of filling the trucks, thus increasing the dispatch area to have a greater quantity of 

pelletized material for commercialization without requiring a decrease in the product demand. In addition, 

automation is taken as a security control measure for jobs that are considered high risk, thereby protecting the 

integrity of the working personnel, minimizing the danger and reducing the risk of an accident. Authors in 

[38]-[43] are indicating that automation processes in industry 4.0 provide greater speed and productivity in 

food processes. Using three PLCs that communicate via Profibus using the Master-Slave protocol, greater 

efficiency has been achieved in the filling, dosing, packaging and transport processes. 

 

 

5. CONCLUSION  

Food manufacturing and processing companies now use cost-effective automation solutions for 

higher production volumes compared to conventional processes, as automation has dramatically increased 

productivity compared to manual production systems, with the food industry standing out as the one with the 

greatest research and development potential. The opportunities are in the integration of sensors, human 

machine interaction (HMI), software control solutions. The use of technology allows companies to make 

competitive and innovative solutions. 

The results of the present investigation indicate that automation, through the electronic 

instrumentation coupled to the controller, allows the precision in the dosage of inputs to be improved, which 

is reflected in the 39.61% improvement of the humidity percentage (%), which is a vital factor in this 

production. However, this also led to the deduction that it is important to sustain this behavior from a 

calibration and adjustment plan for each measuring instrument used in the production process, in order to 

achieve continuous improvement. In general, automation brings with it a significant increase of 84.44% in 

production levels, in this way 580.5kg is produced per month, more compared to the manual process. To 

further optimize productivity, it is recommended to carry out preventive and corrective maintenance, in order 

to avoid production stops that generate losses of raw material and other resources, due to the excessive 

amount of dust and material accumulated in the conveyor belts, which affects directly to the correct operation 

of the actuators. 
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