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Abstract:

The main objective is to design a sanitary dosing machine that facilitates the precise and sanitary dosing of
solid particles with a diameter of less than 300 um for use in the pharmaceutical, cosmetic, or food industry,
where it is necessary to maintain high sanitary conditions to preserve the quality of the product offered to the
consumer and ensure accuracy in the weight of the product offered in the packaging. For the creation of parts
and pieces, as well as the analysis and simulation of the correct functioning of the machine, Autodesk Inventor
2024 software was used, and for the development and simulation of the electrical control and power system,
CADe-SIMU software was utilized. Both design and simulation tools allowed for reduced times and efficient
design. The aim is to meet the demand of companies that package powdered products and need exact and
consistent dosing over time, while maintaining a high sanitary standard to comply with the regulations required
by public health control agencies. The proposed dosing process ensures zero direct transfer of microorganisms,
and the technology applied in the electromechanical design ensures precise and semi-automatic dosing. The
results obtained confirm that the developed design is suitable for sanitary packaging and ensures exact and
sustainable dosing within permissible tolerance standards for dosing solid particles with a diameter of less than
300 pm. Due to the quality of the materials used and the characteristics of the finishes of the parts in contact
with the product, the process maintains its safety and consequently guarantees no contamination of the

product during packaging.
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INTRODUCTION

In the field of engineering, the convergence of mechani-
cal, electronic and control systems have driven the crea-
tion of innovative solutions covering a variety of industrial
and healthcare applications. One of the areas that has at-
tracted increasing interest is the precise dosing of small
solid particles, especially in sectors where precision and
hygiene are paramount, such as the pharmaceutical and
food industries.

The proposed sanitary dosing machine for solid particles
smaller than 300 um in diameter offers a number of very
important benefits for the food and pharmaceutical in-
dustry, where accuracy, hygiene and consistency are non-
negotiable factors.

BENEFITS FOR THE FOOD INDUSTRY

In food production, accurate dosing of powdered ingredi-

ents is critical to the quality, taste and

safety of the final product. This machine provides:

— Superior Accuracy and Consistency: Ensures that each
batch of product has the exact amount of powdered
ingredients, resulting in consistent quality and taste in

products such as beverage mixes, condiments, flavor-
ings, additives or powdered bakery and confectionery
ingredients. This minimizes variability and ensures re-
peatability in the formulation. In this way [1], they
conducted a study in which they analyzed how the re-
filling process affects the accuracy of loss-in-weight
feeders in the continuous dosing of powders, high-
lighting the importance of maintaining consistency in
the feeding of materials during continuous produc-
tion. Likewise, [2] present a robotic system that opti-
mizes the preparation of powdered beverages using
computer vision and Bayesian optimization, achieving
high repeatability and quality in the final product. For
their part, [3] propose a model based on the Industrial
Internet of Things (lloT) to monitor and control plant
machinery, with the aim of achieving consistency in
product quality through real-time predictions and rec-
ommendations. In addition, [4] examine the chocolate
conching process as a transition from a frictionally
stuck solid to a fluid suspension, highlighting how me-
chanical energy and the addition of surfactants affect
the fluidity and homogeneity of the mixture.
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On the other hand, [5] present a statistical model to
predict the uniformity of content in tablets and
blends, based on the theory of fluctuations in blends,
providing a tool to improve consistency in the dosing
of powdered ingredients. Therefore, these research
papers offer valuable insights into current technolo-
gies and methodologies for achieving accurate and
consistent dosing of powdered ingredients in the food
industry.

Waste and Cost Reduction: By dosing accurately, over-
use of ingredients is avoided, minimizing waste of
costly raw materials. This translates directly into oper-
ational savings and increased production efficiency.
For its part, [6] in his article discusses how precision
powder filling machines minimize waste by providing
accurate fillings every time, reducing overall produc-
tion costs. In the same vein, [7] presents six strategies
to reduce costs in food processing, highlighting the im-
portance of accurate measurement to reduce ingredi-
ent waste. Also, [8] presents a research paper present-
ing the most advanced solutions in powder dosing sys-
tems for 2025, focusing on sustainability features that
help reduce energy consumption and material waste.
In the same context, [9] describes how the high-preci-
sion Inflatek valve maintains consistent dosing, help-
ing to minimize waste and reduce production costs. In
addition, [10] discusses common problems in batch
dosing of powders and how to solve them to avoid
losses and ensure the quality of the final product. All
of the above studies offer valuable insights into cur-
rent technologies and methodologies for achieving ac-
curate and consistent dosing of powdered ingredients
in the food industry, with a focus on reducing waste
and costs.

Optimizing Operational Efficiency: Automating the
dosing process reduces the need for manual interven-
tion, speeding up production and freeing personnel
for more complex tasks. This optimizes cycle times and
increases productivity. The above is supported by
studies such as those of [11] who provide a compre-
hensive review of the evolution of optimization meth-
odologies in the food industry, highlighting the transi-
tion from traditional approaches to advanced tech-
niques integrated with emerging technologies, such as
artificial neural networks and Industry 4.0, to improve
operational efficiency and sustainability. For their part
[12], present a robotic system that optimizes the prep-
aration of powdered beverages using computer vision
and Bayesian optimization, achieving high repeatabil-
ity and quality in the final product. Also, [3] propose a
model based on the Industrial Internet of Things (IloT)
to monitor and control plant machinery, with the aim
of achieving consistency in product quality through
real time predictions and recommendations. The
study by [13] combines experiments and discrete ele-
ment simulations to analyze the dosing of cohesive
powders, providing valuable information on powder
flow behavior and its impact on operational efficiency.
Coincidentally, [14] describes how high-precision

powder dosing systems maintain consistent dosing,
helping to minimize waste and reduce production
costs. Of course, the above literature reviewed offers
valuable insights into current technologies and meth-
odologies for achieving accurate and consistent dosing
of powdered ingredients in the food industry, with a
focus on optimizing operational efficiency.

Improved Food Quality and Safety: The sanitary design
of the machine, with materials and finishes that meet
hygiene standards, prevents cross-contamination and
the growth of microorganisms. This is vital for food
safety and compliance with sanitary regulations. Just
like, [15] highlights the unique challenges presented
by powdered food products in terms of safety and
quality, underlining the importance of establishing
specific quality assurance and food safety programs
tailored to the characteristics of these products. Au-
thors such as [16] address common problems in the
handling and processing of food powders, identifying
knowledge barriers and research opportunities to im-
prove safety and quality in powdered food production.
In a similar context, [17] provide a comprehensive
overview of the structure, processing and challenges
associated with food powders, including aspects re-
lated to food safety and final product quality. In turn,
[18] analyze the factors affecting the flowability of
food powders, a critical aspect to ensure accurate and
safe dosing, which directly impacts the quality and
safety of the final product. Also, [19] describes recent
research focused on methods to ensure food safety
without compromising product quality, especially in
low-moisture foods such as powdered products. The
aforementioned previous studies offer valuable in-
sights into current technologies and methodologies
for achieving accurate and consistent dosing of pow-
dered ingredients in the food industry, with a focus on
improving food quality and safety.

— Adaptability to Different Products and Containers: The

ability to adjust to different container formats and
powder types (with varied densities and flow proper-
ties) allows for greater flexibility in the production line
and the manufacture of a wider range of products.
Also, [20] describes how this corporation designs and
builds facilities dedicated to the handling of dry bulk
products and the dosing of powdered ingredients, of-
fering customized solutions that adapt to various pro-
duction needs in the food industry. Other industries
such as [21] conduct research where they analyze how
powder packaging machines play a crucial role in the
food industry, ensuring accurate dosing and hermetic
sealing that protects product integrity. In their study,
[14] presents powder dosing systems that enable ac-
curate and safe automatic dosing operations of ingre-
dients required for food industry preparations, adapt-
ing to different dosing requirements and types of
packaging. On the other hand, it is found that [22] of-
fers individually adaptable solutions for the dosing of
main and secondary ingredients, ensuring accurate
and consistent process control in a hygienic design. In
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addition, [23] highlights how Syntegon's vertical pack-
aging solutions achieve the highest bag quality thanks
to continuous motion and servo technology, adapting
to a variety of packaging styles with pure materials.
Such research offers valuable insights into current
technologies and methodologies for achieving accu-
rate and consistent dosing of powdered ingredients in
the food industry, with a focus on adaptability to vari-
ous products and packaging. If you need more infor-
mation or additional assistance, please do not hesitate
to ask.

BENEFITS FOR THE PHARMACEUTICAL INDUSTRY

In pharmaceutical manufacturing, dosing of active ingre-

dients and excipients in the form of microparticles is criti-

cal to the efficacy, safety and bioavailability of drugs. Ben-
efits include:

— Precise Dosage and Uniformity of Content: The ability
to dose particles smaller than 300 um with high accu-
racy is essential to ensure that each dose of a drug
contains the precise amount of the active ingredient.
This is crucial for therapeutic efficacy and patient
safety. Already at the time, [24] analyzed how the par-
ticle size of excipients, mixing techniques and pro-
cessing parameters affect the homogeneity and uni-
formity of content in low-dose mixtures of active in-
gredients. The results highlight the importance of op-
timizing these factors to ensure accurate dosage in
pharmaceutical formulations. Other authors such as
[5] present a statistical model based on the theory of
fluctuations in mixtures to predict content uniformity
in tablets and mixtures. This approach provides a the-
oretical tool to understand and improve dosage uni-
formity in pharmaceutical products. As well as [25] ex-
plore microparticle-based controlled rug release sys-
tems, combining experiments with statistical analysis
to design efficient systems to ensure uniform and con-
trolled dosing. There are reviews such as [26] that ad-
dress the mechanisms of powder segregation during
tablet manufacturing and how these affect the uni-
formity of the drug content, providing strategies to
minimize these effects and improve the quality of the
final product. Another study in the same line is that of
[27] which presents uniform biodegradable micropar-
ticulate systems for controlled drug release, highlight-
ing manufacturing techniques that ensure homogene-
ous distribution of the active ingredient and precise
dosing. All of the above studies provide valuable in-
sights into current technologies and methodologies
for achieving accurate dosing and content uniformity
in the manufacture of pharmaceuticals using micro-
particles.

— Optimizing Bioavailability and Dissolution: Particle size
directly influences the rate at which a drug dissolves
and is absorbed into the body. Precise dosing of micro-
particles allows the formulation of drugs that maxim-
ize their therapeutic efficacy and bioavailability. Al-
ready authors such as [28] demonstrate how the
spray-drying technique with  HP-B-cyclodextrin

significantly improves the solubility and dissolution
rate of ezetimibe, a drug with low aqueous solubility,
increasing its oral bioavailability. In the same line, [29]
offer a comprehensive view on the use of microparti-
cles, microspheres and microcapsules in advanced
drug delivery systems, highlighting their role in im-
proving the bioavailability and dissolution of drugs.
Authors such as Lotter [25], present a microparticle-
based model for controlled drug release, combining
experiments and statistical analysis to optimize drug
bioavailability and dissolution. Likewise, [30] explore
the use of mesoporous silica as a carrier in amorphous
solid dispersions, improving the solubility and bioavail-
ability of drugs with low aqueous solubility. Authors
such as Gupta [31], review various pharmaceutical
particulate technologies, such as micronization and
solid dispersions, which are used to improve drug sol-
ubility, dissolution and bioavailability. The papers re-
viewed above provide valuable insights into current
technologies and methodologies for achieving accu-
rate and consistent dosing of active ingredients and
excipients in microparticulate form in the pharmaceu-
tical industry, with a focus on optimizing bioavailability
and dissolution. If you need more information or addi-
tional assistance, please do not hesitate to ask.

— Strict Regulatory Compliance: The pharmaceutical in-

dustry is subject to extremely stringent regulations. A
machine with sanitary design and validation capabili-
ties ensures compliance with national and interna-
tional regulations (such as GMP, FDA, etc.), which is
indispensable for product approval and marketing. In
this regard, [32] introduce the full tolerance coverage
method as an approach to evaluate the uniformity of
dosage units using large sample sizes, ensuring that no
dosage unit exceeds the specification range. There are
works such as the one published by [33] that provide
information on current Good Manufacturing Practice
(CGMP) regulations for drugs, which contain minimum
requirements for the methods, facilities, and controls
used in the manufacture, processing, and packaging of
a pharmaceutical product. On the other hand, [34] dis-
cuss several important aspects of particle size specifi-
cation for solid oral dosage forms from a regulatory
perspective, highlighting how particle size distribution
can affect the performance of the final drug product.
Of importance is the contribution of [35] who dis-
cusses how advanced technologies, such as NIR and
Raman spectroscopy, enable in-line measurements of
mixing and content uniformity in the production of
solid dosage forms, improving compliance with regu-
latory standards. Resources such as [35, 36] were
found that provide answers to frequently asked ques-
tions about mixing uniformity and content uniformity,
addressing critical aspects of regulatory compliance in
pharmaceutical manufacturing. The above contribu-
tions offer valuable insights into current regulations
and methodologies for achieving accurate and con-
sistent dosing of active ingredients and excipients in
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microparticulate form in the pharmaceutical industry,
with a focus on strict regulatory compliance.

Cross Contamination Prevention: The sanitary design
and cleanability of the machine are critical to avoid
cross contamination between different batches or
products, a critical risk in pharmaceutical production.
Pharmaceutical grade materials minimize interaction
with products. Therefore, it is important to mention
[37] who presents a structured and systematic ap-
proach for risk-based identification of the worst-case
product and manufacturing process in oral solid form
facilities, addressing the high risk of cross-contamina-
tion. In addition, [38] analyze contamination trends in
medicinal products and propose recommendations for
industry and regulatory authorities to address the
identified problems. There are papers such as those by
[39] where an overview of contamination and cross-
contamination in the pharmaceutical industry is pro-
vided, highlighting sources of contamination and con-
trol strategies. Also [40] discusses cross-contamina-
tion control strategies in the manufacture of paren-
teral and solid oral pharmaceuticals, including exam-
ples of product recalls and basic principles for avoiding
cross contamination. There are resources such as [41]
where the importance of effective equipment cleaning
for cross-contamination control in pharmaceutical
manufacturing is highlighted. All of the above papers
offer valuable insights into current regulations and
methodologies for achieving accurate and consistent
dosing of active ingredients and excipients in micro-
particulate form in the pharmaceutical industry, with
a focus on preventing cross contamination. If you need
more information or additional assistance, please do
not hesitate to ask.

Reduction of Human Errors and Risks: Automated
batching minimizes human errors associated with the
handling of fine powders and reduces the exposure of
personnel to potentially hazardous substances, im-
proving occupational safety. This is why [42] discusses
how manual visual inspection remains a vital part of
ensuring that contaminated products do not enter the
supply chain and that injectable drugs are safe for pa-
tients. It highlights the importance of effective training
and the combination of appropriate technical skills
and personality traits to significantly reduce human er-
ror in manual visual inspection. In this regard, [43] pro-
vides strategies to reduce human errors in the phar-
maceutical industry, emphasizing the identification of
systemic causes and the implementation of effective
solutions to prevent errors and improve product qual-
ity. Authors such as [44], in his paper discusses how
human error has been a persistent problem in the
pharmaceutical industry, accounting for up to 40% of
all deviations. He analyzes the common causes and
proposes measures to mitigate these errors, including
the improvement of quality control systems and pro-
cesses. Other authors are found such as [45], who in-
vestigate how the type of mixer and critical process
parameters affect the content uniformity of thin

polymeric films loaded with microdoses of drugs, high-
lighting the importance of properly selecting equip-
ment and mixing parameters to ensure content uni-
formity and reduce associated risks. Finally [46], elab-
orate an article where they present an integrated plat-
form for the formulation and manufacturing of phar-
maceutical tablets, which combines predictive model-
ing, optimization algorithms and automation to re-
duce development time and minimize human errors in
the manufacturing process. The research presented
offers valuable insights into current technologies and
methodologies for achieving accurate and consistent
dosing of active ingredients and excipients in micro-
particulate form in the pharmaceutical industry, with
a focus on reducing human error and risk. If you need
more information or additional assistance, please do
not hesitate to ask.

Production Efficiency and Cost Reduction: As in the
food industry, automated and accurate dosing re-
duces waste of costly ingredients and optimizes pro-
duction times, resulting in increased profitability. This
is why [29] provide a comprehensive review on the use
of microparticles, microspheres and microcapsules in
advanced drug delivery systems, highlighting their role
in improving production efficiency and reducing costs
through techniques such as microencapsulation and
controlled release. In addition to this, [47] present a
"pseudo-homogeneous" catalysis technique using pal-
ladium-loaded elastomeric microparticles, combining
the speed of homogeneous catalysis with the effi-
ciency of heterogeneous catalysis, resulting in a signif-
icant improvement in pharmaceutical production effi-
ciency. As well as, [31] review various pharmaceutical
particle technologies, such as micronization and solid
dispersions, which are used to improve drug solubility,
dissolution and bioavailability, thus contributing to
more efficient and cost-effective production. Along
the same line, [45] investigate how the type of mixer
and critical process parameters affect the content uni-
formity of polymeric thin films loaded with drug mi-
crodoses, highlighting the importance of properly se-
lecting equipment and mixing parameters to ensure
content uniformity and reduce associated risks. Re-
searchers such as [46] present an integrated platform
for pharmaceutical tablet formulation and manufac-
turing, which combines predictive modeling, optimiza-
tion algorithms, and automation to reduce develop-
ment time and minimize human errors in the manu-
facturing process. In the above, valuable insights are
offered on current technologies and methodologies to
achieve accurate and consistent dosing of active ingre-
dients and excipients in microparticulate form in the
pharmaceutical industry, focusing on production effi-
ciency and cost reduction.

Product Stability: Uniform particle dosage contributes
to the physical and chemical stability of pharmaceuti-
cal products, preventing problems such as segregation
of components or premature degradation. In this re-
gard, [48] present the manufacture and evaluation of
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polymeric microparticles loaded with glipizide, high-
lighting their stability and efficacy in the controlled re-
lease of the drug. Likewise, [49] analyze how different
excipients affect the stability of polymeric microparti-
cles used in autoimmune therapies, providing valuable
information for the formulation of stable pharmaceu-
tical products. Likewise, [25] demonstrate microparti-
cle-based controlled drug release systems, combining
experiments with statistical analysis to design efficient
systems that ensure uniform and controlled dosing.
Authors such as [29] provide a comprehensive view on the
use of microparticles, microspheres and microcapsules in
advanced drug delivery systems, highlighting their role in
improving drug stability and efficacy.
The papers shown offer valuable insights into current
technologies and methodologies for achieving accurate
and consistent dosing of active ingredients and excipients
in microparticulate form in the pharmaceutical industry,
with a focus on product stability. In both the food and
pharmaceutical industries, the ability of this machine to
handle microparticles in a sanitary and precise manner is
what makes it an invaluable tool, ensuring quality, safety
and efficiency in the production of critical products.

TECHNICAL AND SANITARY JUSTIFICATION FOR POWDER

DOSING MACHINE

Designing a dosing machine for solid particles with a di-

ameter of less than 300 pum, which guarantees precision

and optimal sanitary conditions, is essential to meet the
needs of food and pharmaceutical industries that require
accurate and consistent dosing processes.

This need is based on several critical aspects:

— Accurate dosing in the form of microparticles is crucial
to ensure the efficacy, safety and bioavailability of
drugs. Studies have shown that uniformity in dosing
significantly improves the quality of the final product
and reduces batch-to-batch variability.

— Sanitary compliance in the pharmaceutical industry is
subject to strict regulations that demand rigorous san-
itary conditions in production processes. The design of
equipment that minimizes cross-contamination and
facilitates cleaning is essential to comply with Good
Manufacturing Practices (GMP) and regulatory agency
standards.

— Reducing cross-contamination by implementing
closed and automated dosing systems significantly re-
duces the risk of cross-contamination, a critical aspect
in drug and food production. Automation also reduces
human intervention, which reduces the possibility of
errors and improves process consistency.

— Operational efficiency with the adoption of advanced
technologies in the design of dosing machines allows
for more efficient production, with less material waste
and reduced downtime. This translates into higher
productivity and reduced operating costs.

Therefore, the design of such a dosing machine that guar-

antees precision and optimal sanitary conditions is essen-

tial to meet the quality and safety standards required in
the pharmaceutical and food industries. The integration

of advanced technologies and compliance with sanitary
regulations ensure the production of safe products. [50]
postulates that there are a large number of dosing ma-
chines equipped with outdated systems; however, opera-
tor safety and operational efficiency of these machines
progressively deteriorate over time. In this context, he ex-
plored novel alternative technologies already prevalent in
the industry, which could facilitate the assembly of a con-
trol system that not only delineates multiple machine fea-
tures, but also improves overall machine performance
[51] notes that dosing systems serve the fundamental
function of determining the precise proportions of the
product to be packaged or blended, thus ensuring uniform
distribution or melting. By maintaining a uniform
distribution of the products, these systems not only
facilitate the marketing of the product, but also enable
the consumer to acquire the necessary quantities adapted
to his specific requirements. It also classifies dispensers
according to several criteria, including, among others, the
type of dispensing, the specific products for which the
system is designed and the physical characteristics of the
product being dispensed: telescopic cup dispensers,
sliding carriage dispensers, tilting dispensers, auger
dispensers and rotary gate dispensers. [52] states that a
dosing machine is a useful working tool that allows adding
a liquid or solid in exact quantities in each of its dis-
charges. They are used in various industries such as food,
cosmetics, medical, cleaning, fertilizers and insecticides,
etc. [53] states that liquid dosing is an industrial proce-
dure that facilitates the flow of liquid substances. In es-
sence, it regulates the volume of liquid required for the
product in various types of containers, including plastic,
glass or one-liter containers, allowing the dispenser to cal-
ibrate the desired amount for the product application.
[54] postulates that solid dosing represents an industrial
methodology that allows for fully dynamic weighing,
meaning that as the product is weighed, it actively con-
tributes to the overall process, thus requiring varying
amounts of solid materials for mixing and selection. He
stresses that such an approach produces an optimal dis-
penser that ensures the required weight, essential to
achieve a high-quality end product. [55] indicates that the
design of an automatic Bakelite dispenser should aim to
improve the process by minimizing processing time and
industrial safety risks for the operator. For this purpose,
an evaluation of design alternatives was proposed and
made based on the dosing systems used in the industry. It
then selected the most suitable for the process. [56]
points out that the purpose of the design of this machine
was to satisfy the industry's requirement for efficient,
good quality and competitively priced machinery. This
machine was designed to combine, in a single unit, the
packaging material and the product to be packaged,
where it did it in an efficient way with a minimum of waste
of both the product and the packaging material. [57]
points out that nowadays the principle of loss-in-weight
operation is highly considered, because it offers an
accurate and highly reliable method of continuous dosing
by weight, taking into account that the gravimetric doser
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contains a proven and viable weighing system, with a
versatile and reliable measuring mechanism, as well as a
built-in control system with the latest technology for
optimum performance. The design of a sanitary machine
intended for the dosing of solid particles smaller than 300
micrometers (um) in diameter represents a significant
challenge. This challenge arises from the need to
guarantee accurate weight control while ensuring that the
process remains contaminant-free and meets strict sani-
tary standards. Dosing accuracy is crucial not only to guar-
antee the quality of the final product, but also to ensure
compliance with safety and quality regulations.

The present research focuses on the development of an
advanced mechatronic system that combines sensor, ac-
tuator and controller technologies to achieve accurate, ef-
ficient and sanitary dosing of solid particles smaller than
300 micrometers (um) in diameter. This proposed system
integrates feeding and dosing mechanisms specifically de-
signed to handle solid particles smaller than 300 microm-
eters (um) in diameter. In addition, materials and meth-
odologies are used that minimize the risk of contamina-
tion and ensure product integrity throughout the process.
The main objective of this research is to design a dosing
machine that facilitates the dosing of solid particles with
a diameter of less than 300 micrometers (um). This pro-
posed machine will not only meet the technical and regu-
latory requirements, but should also be versatile in terms
of testing the dosing quantity. To achieve this objective, a
detailed analysis will be carried out, as well as an exhaus-
tive study of the design and operation principles of the
dosing system, using the theory explained in engineering
texts.

A key aspect of the project is the evaluation of the impact
of the developed system in terms of efficiency, accuracy
and safety. This evaluation will be carried out through ex-
perimental tests and simulations, which will serve to vali-
date the proposed design. The results obtained will not
only confirm the feasibility of the system, but will also pro-
vide a solid basis for future improvements and innova-
tions in the industry.

In summary, this research seeks to make a significant con-
tribution to the field of mechatronic engineering by devel-
oping an advanced solution for the sanitary dosing of solid
particles smaller than 300 micrometers (um). The ad-
vances achieved through this research have the potential
to improve current industrial processes and open new op-
portunities for the application of mechatronic technolo-
gies in sectors where precision and hygiene are critical.

METHODOLOGY

System Design

The design process was carried out using Autodesk Inven-
tor 2024, which allowed the generation of detailed 3D
models, including assembly and exploded views. For the
simulation of the electrical and control system, CADe-
SIMU was used, ensuring the efficient integration of sen-
sors, actuators and controls.

Material Selection

FDA-approved materials, such as C-304 sanitary grade
stainless steel and high-strength polymers, were used to
ensure durability and ease of cleaning. According to I1SO
408, the design includes polished finishes with a surface
roughness Ra < 0.8 um, minimizing risks of microbiological
contamination for being a surface metrology standard for
its required sanitary finish.

Applicable Regulations

The prototype complies with the following regulations:

— NMP 02:2008, regulates the quantity of products in
prepackages, data is presented in Table 4.

— NTS 071-MINSA/DIGESA: Establishes the important
microbiological criteria for food and beverages, pre-
sented in Annex B.

— ISO 468: Specifies surface roughness requirements,
presented in Annex C.

Experimental Validation

Tests were carried out with sodium bicarbonate as refer-
ence material. The tests included dosing accuracy meas-
urements and particle flow simulations under different
humidity and temperature conditions.

PROPOSED PROBLEM

General Problem

To what extent does a dosing machine facilitate accurate
and sanitary dosing of solid particles smaller than 300 mi-
crometers (um) in diameter?

Specific Problems

How can a dosing machine for solid particles with diame-
ters smaller than 300 um be designed to be versatile in
format changeover?

How can a semi-automatic dosing machine for solid parti-
cles with diameters smaller than 300 um be designed?

Results and discussion

By employing theoretical knowledge and practical activi-
ties, it was possible to delineate the necessary resources
essential for the execution of the project under control;
consequently, compliance with the relevant standards
was achieved, which served as a fundamental step to-
wards the realization of the prototype design and the ex-
pected results were achieved.

Engineering Study

Through the use of academic knowledge and systematic
activities, it was possible to delineate the necessary re-
sources essential for the implementation of the project
under review; consequently, compliance with the estab-
lished standards was achieved as a fundamental step to-
wards the realization of the prototype design.

Likewise, such research contributes significantly to the
discipline of mechatronics engineering, as it aims to im-
prove industrial methodologies and open up new possibil-
ities in sectors where precision and hygiene are of utmost
importance.
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Fundamental aspects and key considerations

The conceptualization of the Sanitary Dispensing Machine
for solid particles smaller than 300 um is based on the re-
quirement for accurate and hygienic dispensing in indus-
tries such as pharmaceuticals, food production and cos-
metics. The main obstacle to be considered is to ensure
meticulous control of the particle mass and, at the same
time, to ensure that the process remains free of contami-
nants and, therefore, must comply with stringent sanitary
standards. Accurate dosing is also essential to maintain
product integrity and ensure compliance with regulatory
mandates. Finally, a multifunctional dosing machine has
been designed to dispense solid particles of less than 300
pum, evaluating its implications in terms of efficiency, ac-
curacy and safety.

Knowing that: 1 micrometer (um) = 1 micra (i) = 1 micrén
(1) =0.001mm=1x10"°m.

Design approach for the prototype of a sanitary dosing
machine for solid particles with a diameter of less than
300 um

Consideration was given to designing a multifunctional
dosing machine to dispense solid particles of less than 300
micrometers (um), evaluating its implications in terms of
efficiency, accuracy and safety.

Considering the design and development of the sanitary
dosing machine, our functional machine can dose solid
particles smaller than 300 um and complying with the hy-
giene regulations together with those of metrology, the
respective calculations were carried out.

Outlet mass flow rate (Q), hopper volume (v) and hop-
per receiving quantity (m)
Hopper outlet mass flow rate (v):
Qs = 25 g/seg, considering that the density of the dust
isp =2,173g/cm?
Hopper volume (v):

v=§7rh[R2+r2+R.r] (1)

v = <x3.14 x 250 mm [ (213.5 mm)? + (51 mm)? +
(213.5 mm)(51 mm) ]
v = 15457107.92 mm3 = 15457.10792 cm® = 15.457 L
Amount of powder (m) of reception in the hopper:
m=p.v (2)
m = 2.173-2 x 15457.10792 cm?
m = 33588.29551 g = 33.588 kg

Total Hopper Discharge Time (0)
If the discharge is 50 g/2 seg, then:
2 seg

33588.29551 g x 09 = 1343.53182 seg = 22.39 min

A versatile design that allows format changes according to
the type of powder or container required, where 25 ex-
ploded drawings, 01 assembly drawing and 01 explosion
drawing were obtained, according to Figure 1.

1917

Fig. 1 Powder Dosing Machine

We consider to design an auger packing machine for pow-
ders, due to the following characteristics: Accuracy in dos-
ing, it allows to control with precision the powder dispens-
ing, ideal for galenic products. Its precision minimizes
overfilling or underfilling, optimizing the use of raw mate-
rial.

Uniform powder flow, it is possible to dose powders of
different granulometries in a continuous way, avoiding
lumps or blockages.

Versatility, it can work with dry powders, fine powders,
granules or some humidity.

Automation and synchronization, easy and fast integra-
tion in automatic packaging lines, allowing quick calibra-
tion.

Hygiene and cleanliness, they are designed in stainless
steel with smooth and easy to clean surfaces that prevent
contamination, it is suitable for application in food prod-
ucts, pharmaceuticals, cosmetics and related products.
Figure 2 shows the worm and with the previous calcula-
tions made from Table 1, the respective frequencies are
obtained from Table 1.

Fig. 2 Auger dosing system



226 Management Systems in Production Engineering 2026, Volume 34, Issue 2
Table 1 Considering that it has the adaptation to the incorpora-
List of Powder Dosing Machine tion of a semi-automatic system to optimize the operation
L 1 lcaiA ACERO TNOX. C-304 and guarantee precision according to Box 1 and Table 1.
2 1 BASE DE MOTOR ACERO INOX. C-304
3 1 SOPORTE MOTOR ACERO INOX. C-304
4 1 BASE DE REDUCTOR ACERO INOX. C-304
5 4 DIN 6921 - M8 x 16 Perno hexag. con valona ) ) L. Box 1
6 1 CONTENEDOR ACERO INOX. C-304 alculations prior to Descriptive Geometry
Calculat to D ti G ti
7 1 EMBUDO ACERO INOX. C-304
8 4 DISTANCIADOR ACERO INOX. C-304 PREVIOUS CALCULATIONS
9 1 SELLO VITON N° of Data 130
10 4 M10-1.5 x 45 Perno hexagonal [
11 6 ANSI B18.21.1 - 0.375 _ |Arandelas de presién Lower limit 156,35
12 6 M10-1.5 Tipo 8 Tuerca hexagonal Upper limit 158,45
13 2 M10-1.5 x 25 Perno hexagonal Range 21
14 2 BOCINA TEFLON g ,
15 1 EJE ACERO INOX. C-304 N° of Class 11
i; i :E(L:EEE))I;ER)E .Q(SZ'EIR() INOX. C-304 Class size O, 191
18 1 FUNDA ACERO INOX. C-304 Standard Deviation 0,471
19 1 MOTOR ELECTRICO FRAME 80 Y, . 0 222
20 1 ACOPLE FLEXIBLEiam __|ACERO AL CARBONO ariance /
21 1 ESTRUCTURA ACERO INOX. C-304 Average 157,3
22 1 REDUCTOR ALUMINIO R
23 4 CNS 5052 - 6 Arandela de presién Median 157,2
24 4 M6-0.8 x 25 Perno hexagonal Moda 157,0
25 4 M6-1).8 Tipo 8 Tuerca hexagonal R N
%6 > |BS 18042 - 6x 35 pasador cilindrico A list of all the parts that make up the powder packaging
27 2 M5-0.6 x 45 Perno hexagonal H H H
. o ey Arandels de presidn machine was also developed, as shown in the following
29 2 M5-0.6 Tipo 5 Tuerca hexagonal table:
30 2 M10-1.5 x 20 Perno hexagonal
ELEMENTO CTDAD N© DE PIEZA DESCRIPCION
LISTA DE PIEZAS Statistical analysis
Diseiio de Iiguh.am por Aprobada por Fecha Fecha |
ING CANCHO G cancho | NG cancho 22/11/2024 The Histogram
ENSAMBLADO DE MAQUINA DOSIFICADORA . . . . .
UNIVERSIDAD NACIONAL S o With the Frequency data indicated in Table 2, the histo-
FEDERICO VILLARREAL  |EnSaMBLADO | | 171 . .
gram is drawn with the accumulated frequency curve that

Likewise, it has been possible to develop the total ex-
ploded view of the machine, the explosion plan, according
to Figure 3 and the assembly plan, presented in Figure 4.

Fig. 3 Exploded Parts of the Powder Dosing Machine

Fig. 4 Powder Dosing Machine Assembly

BB(1:15)

helps us analyze the distribution of the data and see how
they accumulate in the ranges.

With the previous calculations, the following values are
obtained:

Table 2
Frequency data
g >

2 E =12/ 2| 2| 3

S r z £/ 8| & | &

2 N

3 RS
1 | 153,55 (153,92|153,73| 25 | 25 [19,23%| 19,23%
2 153,92 [154,29|154,10 | 15 | 40 |11,54%| 30,77%
3 154,29 (154,66 |154,47 | 22 | 62 |16,92%| 47,69%
4 154,66 |155,03|154,84| 23 | 85 |17,69%| 65,38%
5 | 155,03 |155,39(155,21| 14 | 99 (10,77%| 76,15%
6 | 155,39 |155,76|155,58 | 17 | 116 |13,08% | 89,23%
7 | 155,76 | 156,13 |155,95| 12 | 128 | 9,23% | 98,46%
8 | 156,13 |156,50|156,32| 2 | 130 | 1,54% |100,00%

Likewise, with the data of the brand, frequency, cumula-
tive % and class interval, we have the histogram as shown
in Figure 5.

In the histogram, the interval with the highest frequency
is in the range of (153.55 to 153.92), which is the most
representative of the distribution, indicating that most of
the data are in this zone. There is an asymmetric distribu-
tion, i.e. the data is skewed to the left. The extreme values
(156.13-156.50) have low frequency, indicating that the
data are less common in this zone. Two different analyses
are shown here, despite including measurements from
the same dosing process, taking into account that the
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same data structure and statistical objective are not being
used.

30 120,00%
25 100,00%
20 80,00%

15 60,00%

FRECUENCIA
% ACUMULADO

10 40,00%

5
0 |
O S S S
R SN A L S
NG AFC AP i
R o°
R AR A A

Fig. 5 Histogram of weight analysis

20,00%

0,00%

&
&
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Because of this, the class ranges of the histogram (153.55-
153.92, 153.92-154.29, etc.) do not coincide with the con-
trol limits (UCL/LCL) or with the means and ranges used in
the X-R graph.

That is, it is not that different samples were used in the
sense of collecting different containers, as these are two
levels of statistical treatment on the same population.
Where the Histogram/Descriptives analysis with a data-
base of 130 individual pieces is intended to determine the
shape of the distribution, and the Control X-R analysis
with a database of 25 subgroups of 5 pieces is intended to
determine the stability of the process.

Therefore, the histogram class ranges (153.55-153.92 g,
etc.) and the control limits (UCL/LCL) do not match, as
they measure different things, with different calculations,

As for the cumulative curve, it rises slowly and continu-
ously over the frequencies, indicating that there is a con-
tinuous distribution of data between the intervals.

Control charts
Box 2
Limits for the realization of the X-R chart
Limite superior de control (UCL)
Linea central (LC)
Limite inferior de control (LCL)

Control chart type
X-R

For the mean control chart, the limits are calculated with
the following formulas:

LCS =X+ A,R

LC =%

LCI =X — A,R
The value of A, = 0.577 is obtained from the Quality Ta-
ble (Annex A).
For the range control chart, the limits are calculated with
the following formulas:

LCS = D,R
LC =R
LCI = D3R

Data from D; = 0.0 and D, = 2.114 which are obtained
from the Quality Table (Annex A).

From Table 3 Control by medians and ranges, the average
of the averages is obtained x = 154.76, the median of the
ranges R = 0.14 and the median of the standard devia-
tionso = 0.753.

even based on the same physical measurements.

Table 3
Control by medians and ranges, for the elaboration of the X-R graph
MEDIANS RANGES
N° | GRUPO1 | GRUPO2 | GRUPO3 | GRUPO4 | GRUPOS | DEV.ESTAN. | MEDIAN | Lcs | LC | Lcl | RANGE | Lcs | Lc | Ll
1| 15555 15595 154.05 15515  154.00 0.8820 154.94 154.84 154.76 154.68 020 030 0.14 0
2| 155.85 15585  154.55 15525  154.40 0.6907 155.18 154.84 154.76 154.68 0.10 030 0.14 O
3| 15455 154.60 15535 15495  155.55 04444 | 155.00 154.84 154.76 154.68| 0.15 030 0.14 0
4| 15410 15460 153.85 154.75  153.95 0.4016 154.25 154.84 154.76 154.68 020 030 0.14 0
5| 15405 153.65 154.85 154.95  153.60 0.6458 154.22 154.84 154.76 15468 0.15 030 0.14 O
6 | 15355 156.00 15535 15635  155.00 1.0880 155.25 154.84 154.76 154.68 0.0 030 0.14 O
7 | 153.85 155.65 15535 156.45  155.25 0.9423 15531 154.84 154.76 154.68 0.10 030 0.14 0
8 | 15410 15580 15565 155.15  155.35 0.6703 155.21 154.84 154.76 154.68 0.10 030 0.14 0
9 | 154.05 15545 154.90 15545  153.55 0.8526 154.68 154.84 154.76 154.68 0.10 030 0.14 O
10| 15405 15355 153.85 15370  154.90 0.5308 154.01 154.84 154.76 154.68 0.10 030 0.14 0
11| 15355 15495 154.05 15460  153.55 0.6269 154.14 154.84 154.76 154.68 020 030 0.14 0
12| 156.00 154.55 154.85 15445 153.90 0.7786 154.75 154.84 154.76 154.68 0.10 030 0.14 O
13| 154.55 15455 15505 15450  153.90 0.4084 | 154.51 154.84 154.76 154.68 0.10 030 0.14 0
14| 15485 15550 155.85 155.00  154.05 0.6865 155.05 154.84 154.76 154.68 0.10 030 0.14 0
15| 15555 156.00 154.55 15475  155.50 0.6027 155.27 154.84 154.76 154.68 0.10 030 0.14 0
16| 15535 15495 153.90 15475  154.05 0.6124 | 154.60 154.84 154.76 154.68| 0.15 030 0.14 0
17| 15445 15485 15415 15475  154.05 0.3536 154.45 154.84 154.76 154.68 0.15 030 0.14 0
18| 154.40 15575 15510 15545  153.55 0.8839 154.85 154.84 154.76 154.68 020 030 0.14 0
19| 15550 15545 154.60 15545  154.75 0.4373 155.15 154.84 154.76 154.68 0.10 030 0.14 0
20| 153.90 15585 15495 156.00  153.95 1.0016 154.93 154.84 154.76 154.68 0.15 030 0.14 0
21| 153.85 155.05 15455 15550  153.85 0.7301 15456 154.84 154.76 154.68 0.10 030 0.14 0
22| 155.00 154.55 154.25 154.85  153.85 0.4637 15450 154.84 154.76 154.68 0.15 030 0.14 0
23| 153.85 154.45 153.85 15355  153.65 0.3493 153.87 154.84 154.76 154.68 0.10 030 0.14 0
24| 15390 154.55 154.85 15455  155.10 0.4492 15459 154.84 154.76 154.68 020 030 0.14 0
25| 153.90 156.00 154.65 15550  154.95 0.8039 155.00 154.84 154.76 154.68 020 030 0.14 0
26| 154.85 15545 15595 15455  156.50 0.7940 155.46 154.84 154.76 154.68| 0.15 030 0.14 0
0.753 154.76 0.14
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The limits were calculated and shown in Fig. 6. The Range
Control Chart.

RANGE CHART
0,35

0,30
0,25
0,20

R WAV, .
o0 VTV 7 VVUN
0,05

0,00

1 3 5 7 9 11 13 15 17 19 21 23 25
——RANGOS =—=I(§ =—LC Lcl
Fig. 6 Range Control Chart

The Range Control Chart is used to monitor process varia-
bility in each subgroup, its objective is to detect changes
in the dispersion of data that may indicate quality prob-
lems.

The blue line represents the ranges, i.e., the difference be-
tween the maximum and minimum value of each sub-
group shows how the dispersion varies over time.

Center line (LC) also known as the Central Line, represents
the mean of the ranges, it is the expected value of varia-
bility if the process is under control.

Red line (LCS) called the Upper Control Limit, represents
the maximum expected range if the process is under con-
trol.

Orange line (LCL) called Lower Control Limit, represents
the minimum expected range, if the process is under con-
trol.

None of the ranges exceeds the control limits, there are
fluctuations in the variability, but within the expected
range, therefore it can be stated that the process is under
control or the process is stable.

The range chart shows that the process is under control,
as all points are within the upper and lower control limits.
No unusual behavior or irregular patterns are observed,
indicating that the process is stable and consistent in
terms of data dispersion.

Determination of Cp and Cpk indicators

For the calculation of Cp, and Cpk, the information in Table
4 is considered, which shows the tolerances of preventive
content, where a tolerance is allowed for the packaging
according to the nominal weight offered in the package,
in our case it is 150 grams.

Table 4
Tolerances for prevéase content — NMP 02:2008

Nominal quantity of product (grams) | Tolerance (grams)

0 a 50 1

50 a 100 4

100 a 200 7

200 a 300 9

300 a 500 10

500 a 1000 15

1000 a 10000 20

10000 a 15000 150

15000 a 50000 200

The customer considers a tolerance of +3 grams, there-
fore, the upper specification limit is USL = 157.23 and the
lower specification limit is LSL = 151.23, keeping the aver-
age value LC = 154.23. According to the customer require-
ments, the maximum permissible value USL and the mini-
mum permissible value LSL are considered, both in ac-
cordance with the technical specifications, LC is consid-
ered as the center of the specifications used to analyze
the process capability. The data obtained are graphed in
Figure 7, a control chart for specific averages, which
shows the behavior of the packaging averages according
to customer specifications.

CONTROL BY SPECIFIC MEDIA
158,00

156,00
154,00 = == ————t
152,00
150,00
148,00

1 3 5 7 9 11 13 15 17 19 21 23 25
= MEDIAS ==——=USL =—LC= LSL
Fig. 7 Control chart by specific averages

This chart is used to monitor process stability over time. It
is based on the average of each subgroup in our case,
n = 5, given that there are 130 data points distributed
across 26 subgroups, and allows for the detection of any
unexpected variations. Cy is the Potential Capacity Index
and measures whether the process has sufficient capacity
to meet specifications, it does not consider whether the
process is off-center.

Cpk is the True Capability Index, indicating how well the
process is centered within the control limits.

For a process to be considered adequate it must be ful-
filled that: Cp y Cpox > 1.33.

We use the information:

USL= 157.23
LC = 154.23
LSL=151.23
60 = 0.753
Cp — USLG;LSL (3)
sz 157.23-151.23
6x0.753
€,=1.33

The Cp, found shows that the process is stable and has lit-
tle variation compared to the allowable tolerance.

The control charts have been worked with n =5, from the
quality table the Factor D3 =0, D4 =2.114 and A2 =0.577.

. USL-x  x-LSL
Cpr = minimum(——, —— 4
pk (=5 ) (4)
. 157.23 — 154.23 154.23 —151.23
Cpk= minimum ( X )
3x0.517 3x0.517

Cpi=minimum (2.66, 1.33)

The minimum value is taken, then:

Cok=1.33

The Cu, found demonstrates the process is very good and
is meeting its objective of packing within the established
tolerance, there is a risk of producing out of specification.
The process is centered and very close to the center.
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The analysis of the data taken from the production line of
powder packaging in bottles x 150 grams, the Cp and Cpk
indices found indicate that statistically the packaging pro-
cess is very precise, accurate and highly reliable to oper-
ate within the specified tolerance limits with the required
accuracy and stability.

Blue line represents the mean of each subset of data
taken from the production line and shows how the pro-
cess mean changes over time.

Lead line or LC, called the Central Line, represents the
mean of the process means, it is the reference point for
comparing the means of the subgroups.

Red line is the upper limit and specification (USL) indicates
the maximum expected value, if the process is under con-
trol, if a point of the averages exceeds this line, it indicates
that there is a problem in the process.

The orange line is the lower specification limit (LSL), it in-
dicates the minimum expected value if the process is un-
der control, if a point of the averages falls below this line,
it indicates that there is a problem in the process.

From the graph it can be deduced that all the subgroup
means are within the control limits, there are natural fluc-
tuations, but within the expected range, therefore it can
be stated that the process is stable or the process is under
control, i.e. the process complies with the established re-
quirements. In addition, the means are quite close to the
central line (LC), suggesting consistency and stability.
There are no out-of-specification points or large varia-
tions. Therefore, the process is stable and capable, pro-
ducing results within the acceptable range for the cus-
tomer, without the need for immediate adjustments.

Practical applications

The machine will have a potential application in various
sectors, such as food and pharmaceutical, improving pro-
cesses and ensuring the required accuracy in critical prod-
ucts. The design complies with the standards required for
proper maintenance and sanitary control, ensuring the
durability and usability of the equipment.

A. Design of a semi-automatic dosing machine for choco-
lates and truffles by weight [58] detail the design of a san-
itary dosing machine for solid particles smaller than 300
pum, intended for the pharmaceutical and food industries.
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Fig. 8 Control diagram

The main objective is to achieve accurate and sanitary
dosing, using software such as [59] and CADe-SIMU for
design and simulation. Likewise, they describe the design
process, the selection of materials, the applied regula-
tions and the experimental validation, where they present
the results of the design, including calculations of mass
flow, hopper volume and discharge time. The machine is
designed to be versatile, adaptable to different formats
and semi-automatic, complying with national and interna-
tional standards. Finally, the paper concludes by highlight-
ing the practical applications, the contribution to the field
of mechatronic engineering and the potential for improv-
ing industrial processes.

B. A prototype powder deposition system for an open se-
lective laser sintering machine.

[60] indicate that commercial selective laser sintering
(SLS) devices are equipped with their own integrated
powder deposition systems (PDS), most of which operate
on the principle of a piston containing powder together
with a roller designed to distribute it evenly. Furthermore,
they state that these systems are calibrated at the
manufacturing stage and do not allow any relevant
parameters related to powder deposition to be actively
modified. Finally, they point out that, to enable such
experimental evaluations, they conceptualized and
fabricated a prototype of the PDS and in this prototype,
the designed system is delineated and its functionalities
are clarified.
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Fig. 9 Force Diagram

C. Design and simulation of an automatic grain dosing,
packing and sealing machine.

[51] notes that agricultural production in Latin America,
especially in Ecuador, faces challenges due to the lack of
adequate machinery. To address this, they have designed
and optimized a vertical flow dosing, packing and sealing
(VFFS) machine for smallholder farmers. Where, this
machine is designed to handle granular products from 2
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to 20 mm, such as grains and legumes, with a simplified
design and robust components of Ecuadorian origin. In
their research, the design methodology is based on the
framework of [61] who managed to use CAE software for
structural, thermal and storage validations. They obtained
their results from the simulations where they indicate
that the machine will be able to dose, pack and seal these
products complying with the established requirements.
D. Automation of a dosing machine. Case: Industrias Ve-
nado SA.

[51] points out that in the contemporary era, numerous
dosing machines are equipped with outdated systems;
however, operator safety and operational efficiency of
these machines have progressively deteriorated over
time. Furthermore, he mentions that it has become
necessary and mandatory to explore novel alternatives
that take advantage of existing technologies in the
industry, thus facilitating the assembly of a control system
that encompasses multiple machine characteristics and,
at the same time, improves machine performance.

E. Design of dosing-sealing machine for powders and
grains.

[62] state that in Ecuador, the production of machinery is
limited, which forces companies to use artisanal methods
or import machinery. For this reason, it is proposed to
design equipment that meets the needs of entrepreneurs
and is manufactured locally. As an example, he mentions
the company ZARUCOFFEE, which automated its coffee
packaging and sealing processes. Two devices were
designed there: one accurately doses the coffee using
containers and a stepper motor, and the other seals and
codes the containers with a conveyor belt and hot
clamping systems. Likewise, the design was based on the
needs of the company and a market analysis. He
concludes, noting that the first device dispenses coffee in
12-16 seconds, and the second seals containers at a rate
of 8-16 per minute. The devices meet the company's
needs, are competitive in price and are produced locally,
boosting employment and national development.

F. Machine learning approach for carrier surface design in
carrier-based dry powder inhalation.

[63] employed a machine learning methodology to
evaluate the influence of operational and design
parameters on the efficiency of dry powder inhalation.
Such that, data regarding the emitted dose and fine
particle ratio were meticulously extracted from the
existing sample comprising various drug and carrier
combinations. Likewise, they indicate that the carrier
surface characteristics were obtained by image analysis of
documented scanning electron microscopy (SEM) images.
They then formulated comprehensive models that
integrate artificial neural networks with genetic
algorithms to determine both the emitted dose and the
proportion of fine particles. Finally, they proposed design
strategies for the carrier surface to improve fine particle
fractions.

G. Automatic filling and sealing machine of PET type con-
tainer for powdered condiments.

[64] point out that this project focuses on the design of a
machine for condiment packaging, considering the
granulometry, the design of the container and the
physical structure of the mechanical systems. The stability
of the machine model is analyzed and a control system is
implemented to facilitate its use. Likewise, they indicate
that the project arises from the observation of the lack of
machinery for food packaging in the Colombian industry,
which hinders the automation of SMEs. Finally, they
mention that the appendices include information on
mechanical drawings, flow charts, technical data sheets
and the machine operation manual.

H. Reverse engineering and design of the automation of a
powder doser, using load cell through atmega microcon-
troller for the company Jacs.

[65] describes the analysis and redesign of a powder
dosing apparatus using reverse engineering and
automation. Then examined reverse engineering
methodologies to analyze a foreign dosing machine. So,
performed a comprehensive analysis of the systems
(operational, physical and electronic) and then identified
advantages and disadvantages. The reverse engineering
data was also used to redesign the dispenser, improving
each mechanism. Then developed a mechanical and
electronic redesign with the corresponding software. So,
built a prototype and performed tests to evaluate its
operational effectiveness, including the control system,
weight sensor, additional components, program
sequence and a comprehensive test of all components.
Finally, the redesign was deemed successful after
simulation and testing.

CONCLUSIONS

— The machine was designed to allow precise dosing of
solid particles with a diameter of less than 300 um,
complying with hygiene and sanitary quality stand-
ards.

— The designed machine will be capable of adjusting to
different container and product formats, demonstrat-
ing flexibility in its use for various types of powders.

— Through partial automation and ergonomic design,
the machine will reduce operation time and costs as-
sociated with batching, minimizing material waste.

— The design of the machine after having undergone a
validation has achieved compliance with national and
international regulations (NMP 02 2008 and NTS No
071-MINSA/DIGESA VO0.1) and this guarantees safety
and quality in the dosing process.

— The machine will be a useful tool for the development
of practices and research in engineering courses and
will promote interdisciplinary training and the genera-
tion of new knowledge for students of the FIE-UNFV.

— Likewise, the data obtained will contribute to the de-
sign of future dosing equipment, setting a precedent
in technological innovation for the handling of pulver-
ized solids.

— The machine has a potential application in various sec-
tors, such as food and pharmaceutical, improving pro-
cesses and ensuring the required accuracy in critical
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products. The design complies with the standards re-
quired for proper maintenance and sanitary control,
ensuring the durability and usability of the equipment.
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ANNEXES
Annex A: Quality Table

Annex B: NTS 071-MINSA/DIGESA: Establishes the important microbiological criteria for food and beverages
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Annex C: ISO 468: Specifies Surface roughness requirements.

International Standard @ 468

Surface roughness — Parameters, their values and general

rules for specifying requirements
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