Universidad
= Continental

FACULTAD DE INGENIERIA

Escuela Académico Profesional de Ingenieria Mecatronica

Tesis

Design of an Automated Dosing and Mixing System for
the Production of Biodegradable Biomass Based on
Sweet Potato Starch and Sugar Cane Fiber

Brayan Renzo Izarra Cano
Lesly Geraldine Castro Osores
Cesar Augusto Blas Yaringafio
Deyby Maycol Huamanchahua Canchanya

Para optar el Titulo Profesional de
Ingeniero Mecatrénico

Huancayo, 2024
-



INFORME DE CONFORMIDAD DE ORIGINALIDAD DE TRABAJO DE
INVESTIGACION

A : Decano de la Facultad de Ingenieria
DE : Jaime Antonio Huaytalla Pariona
Asesor de trabajo de investigacion
ASUNTO : Remito resultado de evaluacion de originalidad de trabajo de investigacion
FECHA : 2 de Julio de 2024

Con sumo agrado me dirijo a vuestro despacho para informar que, en mi condicién de asesor del trabajo
de investigacion:

Titulo:
Design of an Automated Dosing and Mixing System for the Production of Biodegradable Biomass Based
on Sweet Potato Starch and Sugar Cane Fiber

URL / DOL:
10.1109/ICRCA57894.2023.10087874

Autores:

1. Brayan Renzo Izarra Cano - EAP. Ingenieria Mecatrdnica

2. Lesly Geraldine Castro Osores — EAP. Ingenieria Mecatronica
3. Cesar Augusto Blas Yaringano — EAP. Ingenieria Mecatrénica

Se procedié con la carga del documento a la plataforma “Turnitin” y se realizé la verificacién completa
de las coincidencias resaltadas por el software dando por resultado 0 % de similitud sin encontrarse
hallazgos relacionados a plagio. Se utilizaron los siguientes filtros:

« Filtro de exclusién de bibliografia N NO[ ]

e Filtro de exclusion de grupos de palabras menores S| NO |:|
N° de palabras excluidas (en caso de elegir “sI"): 40

¢ Exclusion de fuente por trabajo anterior del mismo estudiante S| NO |:|
En consecuencia, se determina que el trabajo de investigacion constituye un documento original al
presentar similitud de ofros autores (citas) por debajo del porcentaje establecido por la Universidad
Continental.

Recae toda responsabilidad del contenido del trabajo de investigacién sobre el autor y asesor, en
concordancia a los principios expresados en el Reglamento del Registro Nacional de Trabajos

conducentes a Grados vy Titulos — RENATI y en la normativa de la Universidad Continental.

Atentamente,

La firma del asesor obra en el archivo original
(No se muestra en este documento por estar expuesto a publicacién)



Design of an Automated Dosing and Mixing System
for the Production of Biodegradable Biomass Based
on Sweet Potato Starch and Sugar Cane Fiber

Brayan R. Izarra-Cano
Department of Mechatronics
Engineering
Universidad Continental
Huancayo, Pert
73363338@continental.edu.pe

Lesly G. Castro-Osores
Department of Mechatronics
Engineering
Universidad Continental
Huancayo, Pera
74217190@continental.edu.pe

Cesar A. Blas-Yaringafio
Department of Mechatronics
Engineering
Universidad Continental
Huancayo, Peru
72639290@continental.edu.pe

Deyby Huamanchahua
Department of Mechatronics
Engineering
Universidad Continental
Huancayo, Pera
dhuamanchahua@continental.edu

Abstract—The food sector consumes a large part of the world's
packaging production, 35% of which is discarded after the first
use. However, most of this packaging is made from fossil fuel
feedstock plastics. The continued production of plastic packaging
represents a series of negative impacts on the environment in
terms of air, soil, and water, all due to its long degradation time
and chemical composition. To mitigate this impact, new materials
based on plant biomass have been used to find an eco-friendly
substitute for traditional plastic packaging. To streamline and
optimize the processes of dosing and to mix ingredients during the
production of biodegradable trays, this research proposes the
design of an automated mixing system for obtaining biodegradable
biomass based on starch and vegetable fiber. The system was
controlled by a PLC S7-1200 and monitored through an HMI
interface, and the software structure was designed in the TIA
Portal program. Finally, the system was commissioned and
simulated in the Factory 1/0 software, where a process plant was
recreated to simulate the signals from the water level sensors of
the agitator tank and the weight sensors of the quantities of the
ingredients to be dosed, also to activate actuators such as the
agitator and the tank filling and dosing valves.

Keywords—PLC, TIA Portal, HMI, biodegradable packaging,
mixing, dosing.

1. INTRODUCTION

Currently, the use of plastic has been increasing in the last
54 years exceeding 360 million tons in the year 2018. In the
next 20 years, this will be doubling; plastic waste worldwide
has generated an adverse effect on the environment [1]. The
main synthetic components of plastic are really toxic to living
beings, likewise the processes of eliminating it are harmful to
the air, soil and water, it should be noted that micro plastics are
more dangerous since they can be attached to the food chain
[2]. On the other hand, the food sector is the largest user of
single-use packaging and consumes up to 35% of the world's
packaging production. Therefore, research on biomass-based
packaging has been carried out in recent years, and it was
concluded that it could reduce greenhouse gas emissions by
32% [3].

During the production process of biodegradable packaging
based on vegetable fibers and starch, processes such as washing
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and drying of raw materials, grinding and sieving, homogeneous
mixing with water to obtain biomass, and finally, a thermo-
compression molding process are required to produce a
commercial biodegradable tray as a result. During these
processes, the correct dosage of the materials is one of the
fundamental parts, as it must be accurate in order not to alter the
physical and mechanical properties of the final product [4][5].
However, these processes involve precision, time, and
manpower. Automation allows control of any operation with
little or no human intervention, which is why industries opt for
automated processes that provide efficient and effective
operations [6].

To automate mixing processes involving the dosing of exact
quantities of ingredients into agitator tanks, most systems opt
for using a programmable logic controller “PLC”, solenoid
valves, continuous level, weight sensors, and human-machine
interfaces “HMI” [7]. Also, during in-plant implementation, it
is recommended to use soft starters to limit the starting current
of the agitator tank motor, over-voltage, over-temperature, and
short-circuit protection to extend the system’s lifetime [8].

On the other hand, other research suggests embedded system
designs using microprocessors such as Raspberry Pi or STM32
as system controllers. They also designed a control stage
isolated from the power stage to protect the system in case of a
power failure. For the dosing system, low-cost weight sensors
are used, and these signals are processed by an A/D converter
to make them easier to read in the microcontrollers. Finally, the
process control and monitoring interface designs are made in
Visual Studio software [9].

Due to the number of processes and the precision of the
dosing of ingredients required during the production process of
biodegradable packaging, this research proposes the design of
an automatic mixing system for obtaining biomass based on
sweet potato starch and sugar cane bagasse fiber. The
methodology to be followed during the design is shown in a
flow chart detailing the processes of ingredient dosing, mixing,
and filling of biomass in the mold, which will be controlled by
a PLC S7-1200 and monitored through an HMI interface. The
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