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Abstract

The use and application of CAD, CAE, CAM systems are
increasingly necessary in the industry, (Arriaga Segundo,
1999) To meet the needs of the accelerated industrial
transformation that is taking place in industrially
developed and developing countries, it is essential that
those involved in the Mexican metalworking industry. In
the technological area, there is a machining center for 4
axes, of which only 3 are used, due to not having a chuck
for the 4th axis, which is necessary to manufacture more
complex parts, and to prepare future engineers in the use
of this technology. For this reason, an acrylic mandrel
prototype was designed and manufactured using CAD,
CAM and CAE technology. To demonstrate its application
and usefulness in the manufacture of complex parts. First,
the components that make it up were designed in CAD
software: clamps, "worm" screw and casing, to later carry
out the finite analysis in CAE software, computer-aided
engineering, ending with the simulation and
manufacturing in CAM software. This will validate and
demonstrate the feasibility of manufacturing the mandrel
in steel, with existing resources and with a design that best
suits the requirements.

Design, Manufacturing, Innovation

Resumen

El uso y aplicacion de los sistemas CAD, CAE, CAM son
cada vez méas necesarios en la industria (Arriaga Segundo,
1999). Para satisfacer las necesidades de la acelerada
transformacion industrial que esta llevandose a cabo en
paises industrialmente desarrollados y en vias de
desarrollo es indispensable que los involucrados en la
industria metalmecanica mexicana. En el tecnoldgico se
cuenta con un centro de mecanizado para 4 ejes, de los
cuales se utilizan Gnicamente 3, por no contar con un
mandril para el 4° eje, el cual es necesario para
manufacturar piezas de mayor complejidad, y preparar a
los futuros ingenieros en el uso de esta tecnologia. Por ello
se disefid y manufacturé un prototipo de mandril en
acrilico, utilizando tecnologia CAD, CAM y CAE. Para
demostrar su aplicacion y utilidad en la manufactura de
piezas complejas. Primero se disefiaron en CAD, los
componentes que lo integran: mordazas, tornillo “sin fin”
y carcasa, para posteriormente realizar el analisis finito en
software CAE, ingenieria asistida por computadora,
finalizando con la simulacién Y manufactura en software
CAM. para validar y demostrara la factibilidad de
manufacturar el mandril en acero, con los recursos
existentes y con un disefio que se adapte mejor a los
requerimientos.

Disefio, Manufactura, Innovacion
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General objective

To apply and demonstrate CAD, CAE and CAM
technologies in the design and manufacture of a
prototype of a 3-jaw independent chuck in
acrylic.

Introduction

The design and manufacture of a 3-jaw
independent chuck will exemplify to future
professionals the application of CAD, CAM,
CAE technologies, in addition (Rodriguez Vidal
& Lopez Marofio, 2015) the simulation tools that
can be used allow the designer to easily submit
their designs to the same conditions to which
they will be exposed in the real world, allowing
them to improve the quality of their products,
optimising geometry and materials, and also to
reduce costs.

The use of a 4th axis in a machining
centre with CAM technology for the
manufacture of more complex parts is also
possible. Industries are increasingly using
technologies such as additive manufacturing,
augmented reality, including CAD, CAE, CAM
"by 2021, a 23% increase in cnc machine tool
consumption is projected" (https://www.mms-
mexico.com/columnas/crece-la-demanda-de-
tecnologia-para-la-manufactura-en-2021-a-
escala-mundial).

Also, employment in the manufacturing
sector in Mexico is on an upward trend, only in
2020 it decreased, and by 2021 it increased
again.
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Graphic 1 Graphic 1 Employed personnel in
manufacturing
Source:  Manufacturing  Industry, available at:
(inegi.org,mx )
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Mexico has a large market in
manufactured products exported to different
countries, it is of utmost importance to have
personnel trained in manufacturing
technologies, such as CAD, CAM, CAE.
Technology is advancing rapidly developing
powerful computer aided machining systems
(CAM) and it is necessary to know and master
the programming languages available for the
machines used.

This will give greater strength and
competitiveness to industries in Mexico, as well
as being able to use 4 axes instead of 3, will
develop greater ability to program and operate
CNC machines, manufacturing more complex
parts with cylindrical and flat shapes, are parts
that cannot be machined with 3 axes, for that
would require two or more teams, but instead the
chuck 3 independent jaws will help us to hold
parts of different geometries.

Three-jaw chucks with a spiral are
already available on the market. These are
operated with a key and the 3 jaws open or close
simultaneously, they are wused on round
workpieces (figure 1), another type of chuck is
the 4-jaw independent chuck (figure 2), this can
be used on round, square or other shapes, the
difference being that each of the jaws must be
adjusted and the workpiece centred.

Figure 1 3 jaw chuck 3 jaw chuck
Source: Bing images

RIVAS-RODRIGUEZ, Amando, BECERRA-CASTRO, Juan Miguel,
TRISTAN-CALLEJA, Abel Israel and VAZQUEZ-SANCHEZ,
Esteban. CAD-CAE-CAM technology in the manufacture of a 3-jaw
independent chuck prototype in acrylic. Journal of Technologies in
Industrial Processes. 2022
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Figure 2 4-jaw chuck 4-jaw chuck stand-alone 4-jaw
chuck
Source: Bing images Bing images

Ho It is feasible to manufacture a chuck
with 3 independent jaws.

We will start with the prototype design in
CAD software of the parts that make up the
chuck: housing, jaws, worm screw and fork. We
will then continue with the assembly, to finish
with the stress analysis, and correct the design if
necessary.

Once validated, we will start with the
machining simulation in software, then the
manufacturing in the corresponding equipment,
to finish with the assembly of the prototype.

Development

We started with the review of the models of 3
and 4 jaw chucks that exist on the market, what
we want is that the jaw can hold cylindrical and
square parts, so we chose to combine and design
a three-jaw chuck, but with independent jaws,
we will first make the prototype in acrylic for
analysis and correction, and in the future we will
be able to manufacture it in 1020 steel.

CAD design

We will start with the 3D design of the "housing”
component, as it is the main element in which the
other components will be assembled, we took the
dimension of 203.2 mm (8 inches) in diameter
and as a base, a 3-jaw chuck, as shown in figures
3,4,and 5.

ISSN 2523-6822
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Figure 3 Mandrel housing
Source: Own Elaboration

Figure 4 Mandrel housing, side view
Source: Own Elaboration

Figure 5 Mandrel housing, rear view
Source: Own Elaboration

RIVAS-RODRIGUEZ, Amando, BECERRA-CASTRO, Juan Miguel,
TRISTAN-CALLEJA, Abel Israel and VAZQUEZ-SANCHEZ,
Esteban. CAD-CAE-CAM technology in the manufacture of a 3-jaw
independent chuck prototype in acrylic. Journal of Technologies in
Industrial Processes. 2022
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One advantage of 3D CAD technologies
is that they give you a more accurate view of the
modelled prototypes, giving a realistic view and
thus being able to detect possible errors for
correction in the design phase, remember that the
cost is minimised by detecting errors in the
design and not in the manufacture.

The next element to be designed is the
clamp, which is a clamping element that presses
against the part to be clamped to keep it in
position, this will be linked to the worm screw.
Figure 6.

Figure 6 Clamp isometric view
Source: Own Elaboration

The vice has a rope section, which is
where it is assembled with the worm gear, and
must have the same rope pitch as the worm gear,
the pitch that was applied is 1/8" (8 threads per
inch). The next to be designed is the worm gear
(figure 7), which is a circular drive mechanism,
the drive shafts of both are perpendicular to each
other.

Figure 7 Worm screw
Source: Own Elaboration
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Once the worm is designed, the next
element is the Fork (figure 8), which is in charge
of keeping the worm in its position, supporting
the shear stress generated between the clamp and
the worm.

Figure 8 Fork
Source: Own Elaboration

Having designed the main elements of
the mandrel, the next step is to perform the
assembly to verify the dimensions, interferences
or collisions.

Assembly

The prototype was assembled in software
(Figure 9), placing the elements and defining the
position relationship of each one of them, to
analyze the interferences, as well as their
correction at this stage, avoiding future costs in
its construction, joining each and every one of
the already designed parts that make up the
mandrel, this helps us to avoid errors.

Figure 9 3 independent 3-jaw chuck assembly
Source: Own Elaboration

RIVAS-RODRIGUEZ, Amando, BECERRA-CASTRO, Juan Miguel,
TRISTAN-CALLEJA, Abel Israel and VAZQUEZ-SANCHEZ,
Esteban. CAD-CAE-CAM technology in the manufacture of a 3-jaw
independent chuck prototype in acrylic. Journal of Technologies in
Industrial Processes. 2022
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An interference analysis was performed,
pointing out some errors (Figure 10), which have
to be corrected. Once corrected, the next step is
the stress analysis (CAE).

Figure 10 Interference analysis
Source: Own Elaboration

Analysis, Computer Aided Engineering CAE

Having the corrected designs of the different
components, the next step is to analyze by means
of a software the stress to which they will be
subjected; for this we must assign material to
each one of the pieces. The material to
manufacture the mandrel will be a 1020 steel,
due to its typical characteristics of good
mechanical resistance and great ductility,
besides having an excellent weldability and
better malleability than most carbon steels. Its
carbon content is fully acceptable for machining.

It should be remembered that the
prototype we manufactured was in acrylic and
1060 aluminum for demonstration and didactic
purposes, the applied forces are minimal,
approximately 10%, so that it can support the
unmachined part. For the finite analysis, first the
material is defined and assigned to the designed
part (figure 11), and then one of the jaws is
subjected to a compressive force, which is where
most of the effort is made, when the chuck is in
operation. In Figures 12, we can observe the jaw
in the simulation study, where it is selected
where it will be fixed when a force is applied.

Subsequently, once the clamps are
selected, we will proceed to specify in which part
or parts of the jaw the force will be applied, in
this case it will be at the back of the jaw
simulating that it is holding a part. A force of 6
kg will be assigned.

ISSN 2523-6822
ECORFAN® All rights reserved

December, 2022 Vol.6 No.15 1-11

T — o~

CNT ewe Y WM Baeti

Figure 11 Material assignment
Source: Own Elaboration

The simulation (Figure 14) shows that
the clamp is almost entirely covered in blue
color, which is favorable since it resists the
applied force very well, the green and yellow
color indicates that it is acceptable, since when a
force is applied directly, it suffers a little more
pressure. In case it is marked with reddish tone,
it would indicate that it is close to suffer a
rupture or permanent deformation, in that case it
IS necessary to reconsider the material or the
design.
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Figure 12 CAE analysis of clamp
Source: Own Elaboration
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Figure 13 CAE gag analysis
Source: Own Elaboration

The next element to be analyzed will be
the body of the mandrel, which makes the
greatest effort at the moment of setting the worm
gear in motion and moving the vice.

RIVAS-RODRIGUEZ, Amando, BECERRA-CASTRO, Juan Miguel,
TRISTAN-CALLEJA, Abel Israel and VAZQUEZ-SANCHEZ,
Esteban. CAD-CAE-CAM technology in the manufacture of a 3-jaw
independent chuck prototype in acrylic. Journal of Technologies in
Industrial Processes. 2022
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We assign material, in this case acrylic,
determine the points of support and effort,
(figure 15) we perform the simulation, placing a
force of 6 kg.
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Figure 14 CAE analysis of housing
Source: Own Elaboration

In Figure 15 and 16, the result of the
simulation can be seen, some yellow spots can
be observed in the cavity for the worm screw,
where a greater effort is made and where it has
less material, but without reaching the limit, so
it is concluded that it is acceptable.
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Figure 15 CAE analysis of housing
Source: Own Elaboration
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Figure 16 CAE analysis of carcass
Source: Own Elaboration

The next element to be analyzed is the
"worm" screw, it was manufactured in 1060
aluminum (figure 17).
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We can see the torsional forces that the
worm will receive, in this case the forces are
located in the ropes and in the center, we can see
it in blue color. We are applying 4 kg of force
distributed among all the elements that will
support it, we can see how the meshing and
simulation is carried out to later review the
results.

. LT R ]

Figure 17 Worm wheel CAE analysis
Source: Own Elaboration

The results (figure 18) of the simulation
are observed, where we can see that the
predominant color is blue, which is totally
acceptable. In the central part is where it receives
the greatest effort and is where it is coupled to
the fork, which is what keeps it in position.

Figure 18 Worm wheel CAE analysis
Source: Own Elaboration

In conclusion, the worm gear meets the
stress requirements between the wrench and the
housing jaws.

The last element to analyze is the fork
(Figure 19), physically it is protected almost
entirely inside the housing, this helps us to have
a good resistance, the applied force will be 4kg,
which are transmitted by means of the worm
screw.

RIVAS-RODRIGUEZ, Amando, BECERRA-CASTRO, Juan Miguel,
TRISTAN-CALLEJA, Abel Israel and VAZQUEZ-SANCHEZ,
Esteban. CAD-CAE-CAM technology in the manufacture of a 3-jaw
independent chuck prototype in acrylic. Journal of Technologies in
Industrial Processes. 2022
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It can be observed that most of the fork
is covered with blue color which is highly
recommended, we also notice yellow with green
color which is the area of higher shear stress, but
it is acceptable since it does not suffer
deformation at any time.
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Figure 19 Fork CAE analysis
Source: Own Elaboration

Once the CAE analysis of the main
components has been completed, the next step is
to perform the machining simulation, which will
be done in CAM simulation software.

Computer Aided Manufacturing CAM

In order to perform the machining of the
prototype of the 4th axis chuck, we first need to
export the components to the "MasterCam"
software to be able to program the operations to
be performed on the CNC machining center. The
numerical  control is an  automated
manufacturing system through the execution of
programs using G and M codes.

We start with defining the sequence and
type of operations, tools and paths (Figure 20).

v

-
H"

PO LUCEA BLFAS B Y

Figure 20 Machining selection in CAM software path
Source: Own Elaboration
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The tools are selected from the library
and then the machining path is defined. For each
of the tools, with the following parameters: feed
rate, depth, number of passes, and tool changes.
The next step is to simulate the manufacturing
(Figure 21), observing that there is no collision,
or that the machining is not correct, if so, it is
corrected, otherwise, we proceed to generate the
G and M codes, to load them in the CNC
machine (Figure 22), and finally, verify that the
codes corresponding to all the programmed
trajectories are present.
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SN BAERT B

san

Figure 21 Simulation of chuck machining on CAM
software
Source: Own Elaboration
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Figure 22 Generation of G codes in CAM software
Source: Own Elaboration
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CNC Machining

For the machining of the parts in the CNC
machining center, first the material is mounted
and clamped, aligning it with the axes, then the
machine is set up, assembly and calibration of
the tools to be used.

The first machining is to give them ‘ g
shape, central circle and slots at 120 degrees for
the cavities of the jaws (Figure 23), taking
precautions against any anomaly, not
contemplated, or that may cause any damage to
the part, tool or person.

Figure 25 CNC machining
Source: Own Elaboration

Figure 23 CNC machining
Source: Own Elaboration

Then we mount it on the 4th axis to drill
holes as shown (Figure 24, 25, and 26), the
cavities of the jaws are finished.

Figure 26 4™ axis assembly on CNC
Source: Own Elaboration

Having machined the main element
where the others will be housed, the next step is
to machine the jaws, following the same steps
that were used in the previous machining. Load
program, clamping and alignment of the part, the
critical part in this machining is the chord which
is where it will be attached to the worm screw,

Figure 24 CNC machining (figure 27).

Source: Own Elaboration
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Figure 27 Gag
Source: Own Elaboration

Subsequently we machined the other
components such as: worm and fork on a
conventional lathe as shown in image 28 and 29.

Figure 28 Worm screw
Source: Own Elaboration
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Figure 29 Fork
Source: Own Elaboration

These were the elements that were
machined, the screws were acquired from a local
supplier, with which the prototype was
assembled.

Results
The following was obtained:

Parts Designed in CAD:
Body or casing

Worm screw

Fork

Clamps

The advantage offered by the software is
quite significant, since it is possible to modify
and correct geometries and/or dimensions,
simulating the assembly, avoiding later mishaps
in the manufacturing and implementation phase.

CAE Analysis

It is a tool that gives us certainty of the materials
to be used, as well as verifying that the geometry
will support the efforts to which the elements
will be subjected, avoiding setbacks and
expenses.
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independent chuck prototype in acrylic. Journal of Technologies in
Industrial Processes. 2022
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Parts analyzed in CAE:

Body or casing
Auger

Fork

Clamp

CAM Manufacturing

Finally, the manufacture of the various elements
was simpler because the CAM tool generated the
code for the manufacture of the casing, which is
the main part and the most complex part to
machine, in addition to the jaws, for which the
code was also generated. The other components
have a circular geometry, so a horizontal lathe
was used for their manufacture.

The results were favorable
It was possible to manufacture the acrylic

mandrel prototype (Figure 31) with CAD, CAE
and CAM technologies.

The application of a fourth axis in the
CNC machining center was exemplified, as well
as the application of CAD, CAE and CAM
technologies in the realization of prototypes and
their importance in the manufacture of more
complex parts.

Figure 30 Acrylic mandrel prototype
Source: Own Elaboration
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Conclusion, Recommendation

Ho, it is accepted, the feasibility of
manufacturing a 3-jaw independent chuck has
been demonstrated (Figure 30).

The use and application of CAD-CAE-
CAM technologies, facilitated the machining of
housing, which has a complex geometry, are
increasingly indispensable in the industry and
the combination helps us to obtain better and
faster results, saving time and money.

Recommendation

The methodology used is the manufacture of the
prototype in acrylic, it is the same as making it
in 1020 steel, which is recommended, just take
care of the cutting parameters such as feed and
revolutions.
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Abstract

The opening of opportunities in the automotive sector, the global
market currently forces companies to be more competitive in
their daily activities, this requires them to adopt new strategies,
tools and techniques, in order to optimization processes, reduce
waste, decrease costs, etc. Automation and the use of smart
devices in the industrial sector has evolved impressively, due to
improving and increasing production, it also allows to produce
better quality products without requiring the control of human
intervention to be operated. However, today the use of
increasingly sophisticated devices not only allows companies to
be more competitive, but also contributes to improving their
processes by reducing operating times per workstation. It should
be noted that through the implementation of automated devices,
not only are production processes improved, in the same time it
allows workers to carry out their work activities more easily and
comfortably, the objective is avoiding errors or line stops. The
present project aims to design and propose a system to provide
fastening elements and to saving raw materials, reducing
downtime and improving workstation ergonomics for workers in
an automotive industry, with the aim of improving production
processes, but it could be applied in other industrial sector.

Fastening system, Finishing supplies automotive, Saving raw
materials, Optimization of processes

Resumen

Con la apertura de oportunidades en el sector automotriz, el
mercado global obliga actualmente a las empresas a ser mas
competitivas en sus actividades diarias, lo cual les exige adoptar
nuevas estrategias, herramientas, técnicas, entre otras, con la
finalidad de buscar la optimizacidn en sus procesos, es decir,
reducir desperdicios, disminuir costos, etc. La automatizacion y
el uso de dispositivos inteligentes dentro del sector industrial ha
evolucionado de forma impresionante, debido a que demas de
mejorar y aumentar la produccion, también nos permite producir
productos de mejor calidad sin requerir necesariamente de la
intervencion humana para ser operados. Sin embargo, en la
actualidad el uso de dispositivos cada vez mas sofisticados no
solo permite a las empresas ser mas competitivas, sino que
también contribuye a mejorar sus procesos disminuyendo los
tiempos ciclos de operacion por estacion de trabajo. Cabe
destacar que a través de la implementacion de dispositivos
automatizados no solo se mejoran los procesos de produccion,
sino que a su vez permite a los trabajadores realizar sus
actividades laborales de manera mas sencilla y comoda evitando
asi errores o incluso paros de linea. El presente trabajo pretende
disefiar y proponer un sistema para proporcionar elementos de
sujecion el cual ademas pretende contribuir al ahorro de materia
prima, disminuir tiempos muertos y mejorar la ergonomia de los
trabajadores por estacion de trabajo de un sector automotriz, pero
también se podria aplicar en algun otro sector industrial.

Sistema de sujecion, Acabado automotriz, Reduccion de
materia prima, Optimizacion de procesos
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Introduction

Software and hardware have made inroads in all
areas of science and engineering, leading to
increasing progress in the development of new
ways of doing things. In the 1960s, graphics
software began to be used to store, visualise and
manipulate information interactively in real time
(Ferré, 2016).

By the 1970s, the appearance of powerful
minicomputers together with the optimisation of
graphic software packages allowed the
development of autonomous computer design
equipment alongside large systems, at an
affordable price for industries (Palacios A,
2016).

Currently with the incorporation of the
computer and automation in virtually all areas of
production, companies in the industrial sector
have become more competitive due to the strong
demand to offer unique and better quality
products, therefore the technologies of computer
aided manufacturing (CAM), computer aided
design (CAD) as shown in Figure 1, represent
today a great growth and importance within any
industry (Meyers, 2000).

MAC
ADC
) A) Design
A) Geometric B) Simulation

modelling C)CNC
B) Calculation programming
and analysis of D) Production
results process planning
C) Simulation

Database

Figure 1 CAM and CAD technologies
Source: Own Elaboration

Work study

Work study is considered to be one of the most
effective tools for increasing or improving
productivity. It is therefore defined as the set of
systematic procedures to subject all direct and
indirect work operations to a thorough scrutiny,
with a view to introducing improved methods
that facilitate the performance of work and allow
it to be done in the shortest possible time in order
to increase the company's profits (Mendiola,
2013).
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Some benefits of work study are shown
in Table 1.

Action Element

Processes and procedures.

Workplace layout.

The layout of equipment and facilities.
Use of materials, machines and labour.
Productivity.

Safety conditions.

Economise | Human effort and reduce fatigue.
Create Better working conditions.

Reduces the probability of error.

Improve

Table 1 Benefits of the work study in its implementation
Source: Own Elaboration

The identification of the areas of
opportunity and improvement in table 1,
determine the times in  manufacturing
manufacturing processes through the following
aspects.

A. Determination of manufacturing times

The determination of manufacturing time
standards requires the application of different
methods of measuring work in order to establish
the time spent by a skilled worker in carrying out
a defined task by performing it according to
something pre-established (Aguilar, 2016). It is
therefore necessary to ensure the following
roles:

- That the operator is familiar with the
operation.

- The supervisor must verify and analyse
the method and tooling used before
carrying out studies.

- The operation must be divided into
elements.

B. Determination of daily capacity

The production capacity represents the installed
capacity plus the available material, human and
financial resources, where capacity is generally
the numerical measure through which the
number of times it will be possible to produce a
product or present a service in a certain period
can be measured (Reyes V, 2016).

C. Radar Chart

A radar chart displays the level of mastery
currently held against the level a person requires
(Cervantes, 2014). To identify the knowledge of
the operators, the criteria in table 2 is used.

FLORES-RAMIREZ, Néstor, MARTINEZ-CARRILLO, Irma,
JUAREZ-TOLEDO, Carlos and HUITRON-CONTRERAS, Amador.
Design and construction of a material fastening system for automotive
finishing supplies. Journal of Technologies in Industrial Processes. 2022
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 Knowledge

Colour | Level
Original | With which it starts

Current | Current
@» | Required | Goal to achieve

Table 2 Example of a Radar graph
Source: Own Elaboration

A. Cycle time (takt time)

A cycle time is the time in which a process is
executed being a machine process or a manual
process. Therefore Productivity control

- Production management, downtime,
stock size, production balance, etc.

- Production balancing

- Value-added time (VAT)

- Lead time (LT)

Cycle time is the amount of time required
to complete a process task, some benefits are
(Espinoza, 2015):

- Customer satisfaction

- Reduce internal and external expenses
- Increase production capacity

- Simplify the operation

- Reduce damage to the product

- Remain competitive

The data included in a cycle time are
shown in Figure 2.

Real-time analysis

|

Waste | <4mm Pr(;)ctess mm) | Operators
ata

\ 4

Package size

Figure 2 Data required for a cycle time
Source: Own Elaboration

B. Cycle time ranges

In order to evaluate the resources required to
carry out a production process, it is essential to
know the conditions necessary for the
calculation of process times, line balancing and
time ranges, such as (Sapag, 2008):

— Subdivide or group operations in
different ways, for example, of a 173
cycle time.
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- Consider those operations that cannot be
subdivided.

- Include material handling or transport
times if performed in parallel with
assembly.

- To know if the time for placement of
elements such as unit changeover is
included.

Design and construction of clamping system

The implementation of a system for the transport
of raw material in the work stations is due to the
high rate of waste of material found in some
stations and finished products (units) by the
operator at the time of its operation. With the
implementation of the system it is expected to
reduce the number of scrap in each station, since
through the proposed system the operator will
only count the material determined to be able to
perform its operation.

Table 3 describes the defects that occur
most frequently in an automotive assembly plant
and the type of damage and inconveniences they
cause at the time of releasing the units in PFS.

Major repairs

=
w
j&3
=
o
©
o
S
c
o
1%
<5
2
(=]
zZ

Rechaza la unidad
Inoperative components

Report misplacement

No electrical system tested

Fastening screws located in
unit carpet.

Harness in engine
compartment loose.
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JUAREZ-TOLEDO, Carlos and HUITRON-CONTRERAS, Amador.
Design and construction of a material fastening system for automotive
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Hood rod clip, cardboard
cancellations and fasteners
on dashboard.

Table 3 Defects most frequently found in an automotive
assembly plant
Source: Own Elaboration

Component elements of the device
A system is proposed to provide scaled fasteners

to simulate the real conditions of an automated
system. Table 4 lists the components used.

Units Material Features
279 cm X 35.6 cm | UV resistance,
2 (24 mm) acrylic | flexibility and
sheets. appearance.
Mini CNC machine. | Obtain parts to scale,
1 easy to wuse and
program.
1 Acrylic cutting tool. | Corrosion resistant.
1 Glue (PVC), Acrylic. | Easy to dry.
1 Computer Portable and easy to
equipment. use.

Table 4 Elements composing the proposed system
Source: Own Elaboration

The proposed system was designed using
SolidWorks, furthermore the proposed fastening
system in acrylic because it is cheaper and easier
to handle with respect to steel which is heavier
and more expensive.

C. Exploded view and system design

Figures 3, 4, 5 and 6 show the views of the
container for raw material transport.

85

Figure 3 Top view of proposed container
Source: Own Elaboration
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(b)

Figure 4 Top and side view of proposed container
Source: Own Elaboration

Figure 5 Front view of the sides
Source: Own Elaboration

Container bases

Side clamps

Front (side) view

Figure 6 Assembly of the fastening system
Source: Own Elaboration
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D. Time taking using the proposed system

Tables 5 and 6 show the times taken where the
term AV Adds Value and NAV does not add
value to the process.

Previous system |
Total time VA | VAT |
TT | 152 | 119 40
T1 24| 24 0
T2 20| 20 0
T3 20 20 0

T4 18 0 18
T5 15] 15 0
T6 20 20 0
T7 20 20 0

5

T8 15 0 1

Table 5 Timing for the conventional system
Source: Own elaboration

Proposed system

Total time VA VAT

TT | 135|135 0
T1 24 | 24 0
T2 15| 15 0
T3 18| 18 0
T4 10| 10 0
T5 15| 15 0
T6 18| 18 0
T7 20| 20 0
T8 15] 15 0

Table 6 Timing using the proposed system
Source: Own elaboration

Graphics 1 and 2 show the representation
of the data obtained from tables 5 and 6.

160
140
120
100
80
60
40

20
S | I8 | O OO [ I

TT T1 T2 T3 T4 T5 T6 T7 T8

m Total Add value No added value

Graphic 1 Graphical representation of the conventional
system's time recording
Source: Own Elaboration
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80
60
40

20
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TT T1 T2 T3 T4 T5 T6 T7 T8

m Total Add value No added value

Graphic 2 Graphical representation of the time recording
of the proposed system
Source: Own Elaboration

Results

For the measurements per workstation, TiCon
process sheets were used to take cycle times per
operation for the positioning and positioning of
the cargo tank. The analysis and time
optimisation study of the system is carried out on
the basis of two cases:

A. Conventional system: The operator must
move from the production line to the
racks where the corresponding material
is picked up.

B. After: With the implementation of the
proposed system the material is sent to
the operator to the assembly line,
contributing to the saving of downtime
and physical wear of the worker.

The case studies consist of optimising the
assembly  production  processes for the
placement of cargo tubs, with the aim of
contributing to and improving the workstations.

As can be seen in tables 5 and 6 and
graphs 1 and 2, both AV and NAV times
decreased considerably, this is due to the fact
that with the help of the system a faster clamping
process is achieved.

Conclusions

Nowadays, the automotive sector industries play
a very important role worldwide, that is why
they must continuously adopt more sophisticated
and efficient systems that allow them to improve
their production and manufacturing processes;

FLORES-RAMIREZ, Néstor, MARTINEZ-CARRILLO, Irma,
JUAREZ-TOLEDO, Carlos and HUITRON-CONTRERAS, Amador.
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However, one of their objectives is to
offer unique products capable of meeting the
characteristics and needs of their customers.
This is why it is important to propose a system
to provide fastening elements by means of
containers that are not very robust and useful,
which will help to save time and avoid wasting
raw materials, as well as maintaining
workstations in optimum conditions, in order to
avoid unsafe acts and conditions that threaten the
health and ergonomics of the workers.

In graphs 1 and 2 it can be seen that
through the implementation of the system it was
possible to reduce the cycle time of each
operation for the placement of the cargo tank,
since before implementing the proposed system
the time that the worker used to perform this
operation was 152 seconds, and now with the
implementation of the fastening system the
average time used is 135 seconds, achieving a
saving of 17 seconds, which represents a saving
for the company of $8334.00 m.n.m. per second.
It should be noted that as the system was
implemented and through the use of containers
for the transport of raw material, the level of
scrap was reduced by 35%, achieving in the
same way to have the workstations in optimal
conditions for the development of the work
activities of each worker and the plant in general.
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Abstract

Nowadays, precision machining processes have been
widely used in the manufacture of products mainly
focused on aerospace, automotive, mold manufacturing
and various types of products that demand high production
volumes, precision and surface quality. However, these
manufacturing processes are not exempt from errors and
failures during the machining process. Recent studies
found that the main errors are due to the interpretation of
the information in the manufacturing drawings due to lack
of experience or training of the personnel. This research
project aims to eliminate errors due to misinterpretation of
information in Computer Numerical Control (CNC)
machining processes through the implementation of a
methodology to develop Augmented Reality (AR)
applications for the interpretation of manufacturing
drawings. Its main contribution is to provide virtual
support to the operating personnel obtaining multiple
benefits such as reducing downtime due to failures in the
machining process, ensuring the optimal operation of the
machines, avoiding collisions of the tools and ensuring the
quality of the products.

Computer Vision, Augmented Reality, Machining
Processes

Resumen

En la actualidad, los procesos de mecanizado de precision
han sido ampliamente utilizados en la fabricaciéon de
productos enfocados principalmente a la industria
aeroespacial, automotriz, fabricacion de moldes y diversos
tipos de productos que demandan altos volumenes de
produccion, precision y calidad superficial. Sin embargo,
estos procesos de fabricacion no estan exentos de errores
y fallos durante el proceso de mecanizado. Estudios
recientes encontraron que los principales errores se deben
a la interpretacién de la informacion de los planos de
fabricacion por falta de experiencia o entrenamiento del
personal. Este proyecto de investigacion tiene como
objetivo eliminar errores por mala interpretacion de la
informacién en los procesos de mecanizado de Control
Numérico Computarizado (CNC) a través de la
implementacion de una metodologia para desarrollar
aplicaciones de Realidad Aumentada (RA) para
interpretacion de planos de manufactura. Su contribucion
principal es brindar un soporte virtual al personal
operativo obteniendo multiples beneficios como disminuir
tiempos muertos por fallos en el proceso de maquinado,
garantizar el funcionamiento oOptimo de las maquinas,
evitar colisiones de las herramientas y asegurar la calidad
de los productos.

Vision por Computadora, Realidad Aumentada,
Procesos de Maquinado
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1. Introduction

In recent years, studies have been conducted and
new methodologies and techniques have been
developed to eliminate errors in different
production processes, however, nowadays new
Industry 4.0 (14.0) technologies offer new
technological tools that can be implemented to
improve industrial processes. Russmann et al.
(2015) defines that there are nine technological
trends that are transforming the production
industry and are the rise of the new digital
industrial technology, these are called the nine
pillars of 14.0, which are: internet of things (10T),
big data, artificial intelligence, augmented
reality, additive manufacturing, collaborative
robotics, simulation, cybersecurity, cloud
computing and systems integration.

Based on this, Gallo et al. (2021) mention
that today it is necessary to implement these
technologies in manufacturing companies to
easily and quickly optimise their processes,
through the digitisation of production,
manufacturing and supply chains, in order to
achieve efficient management of available
resources, resulting in improvements in quality,
cost reduction and intercommunication between
production chains and the end consumer.

In the case of manufacturing companies
in the precision machining sector, it is necessary
to implement new technologies for process
optimisation, due to the manufacturing of high-
precision products with critical tolerances for the
aerospace and automotive industries. In recent
studies, researchers such as Grisales-Grisales et
al. (2020) identified sources of errors or
uncertainty during the operation of the
machining process, categorising them mainly as
errors in the interpretation of drawings, errors in
the zero part set-up, poor tool calibration, errors
in  numerical compensation, errors in
programming, errors in design and errors during
manual operation of the machine.

In relation to the aforementioned
problems, it is prioritised that these errors should
be eliminated as far as possible, as they can
cause problems such as anomalies during the
machining process, affect the quality of the
products, reduce the useful life of the cutting
tools, cause machine collisions, increase
downtime, generate scrap, malfunctioning of the
machines and costly repairs due to machine
failures.
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Derived from the above arises the need to
implement a solution based on the application of
14.0 technologies to eliminate these errors and
offer a competitive advantage to companies in
the area of CNC machining.

The main objective of this research
project is to develop a methodology to eliminate
errors in CNC machining processes with the
implementation of AR applications.

With the implementation of this
methodology, companies will be able to obtain a
series of benefits, mainly: maintain the correct
operation of the machines, comply with product
specifications, reduce downtime, eliminate
errors in the interpretation of information,
increase productivity, increase the useful life of
cutting tools, reduce scrap, avoid long training
times, dependence on specialised personnel,
among others.

2. Development

AR is a new technology that involves
superimposing digital graphics on the real world
(Prasetya et al., 2020). This technology has the
potential to "augment" the wuser's visual
experience and at the same time is very useful
due to the great diversity of applications it can
have (Furht, 2014). In this sense Battaglia et al.,
(2019) mentioned that it is possible to merge
CAD/CAM and AR technologies to evaluate the
possibility of using both applications with the
intention of improving the results in machining
processes.

Marinakis et al., (2020) determined that
AR can offer valuable training for the
interpretation of complex CAD models, which
frees up time to explain and describe complex
CAD/CAM-related computational geometric
processes. For the implementation of AR
applications, Garza et al., (2013) recommend
that devices with a high-definition camera
integrated into tablets and smartphones should
be used for better performance of an AR
programme in order to track the target image.

Nowadays, AR has been used in
combination with Artificial Intelligence (Al) to
obtain results in an intelligent way. Bravo et al.,
(2011) state that this combination achieves the
integration of multi-agent computational
systems capable of autonomously taking actions
to achieve their goals.
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With reference to this, Lara-Prieto et al.,
(2015) mentioned that the combination of Al
with AR can be used in applications to solve
problems in  medicine, manufacturing,
entertainment, gaming, military, navigation,
education, marketing, tourism, robotics, urban
planning and civil engineering, etc.

3. Methodology

As a first phase of this project, research was
carried out in the city of Chihuahua, Mexico, to
identify companies dedicated to precision
machining.

Once these companies were identified,
they were invited to participate in answering a
questionnaire (Annex A) to identify the most
critical errors that occur in their machining
processes.

According to the analysis of the answers
obtained, it was possible to determine the most
critical errors that most affect their processes,
being the following:

- Errors due to lack of training
- Errors in the interpretation of plans and
- Errors in the process setup

Once these errors were identified, a
methodology was proposed to develop
customised AR applications for companies
dedicated to precision machining.

This methodology consists of a series of
consecutive steps to design AR applications
(Apps) to interpret manufacturing drawings,
assembly drawings and machining parameter
drawings (Annexes B, C and D).

These Apps will be used by engineering
personnel, technicians and operators directly
involved in machining processes.

Their use will be through the installation
of Apps on mobile devices (smartphones or
tablets with camera), which have Android
system and front camera. The process starts with
the scanning of targets placed on manufacturing
drawings in order to virtually display digital
manufacturing information, operating
instructions for CNC machine operators, 3D part
descriptions, visualisation of cutting and tooling
parameters, assembly sequence descriptions and
animations.
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Figures 1 and 2 show examples of AR
applications  for the interpretation  of

manufacturing and assembly drawings.

Figure 2 AR App for assembly drawing interpretation

3.2 Description of the methodology for
developing AR Apps

For the design of AR Apps for the interpretation
of manufacturing and assembly drawings, the
following methodology was developed and is
shown in the sequential steps in Figure 3.

Stepl { Computer Aided
Design

Step 2 unity] Designof Apps

Step 3 — Implementation

Figure 3 Methodology for developing AR Apps
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Step 1 3D part design and drawings in CAD
software

The first step is to design 3D parts (Figure 4.) in
CAD software, which are exported in Collada,
IGES or STEP formats to the Unity software.

Figure 4 3D model
Step 2. App design in AR software
In this step the Apps are designed in Unity

software, Figure 5 shows the flowchart
describing the steps for App design:

1.-Create a
vouforia
account
\J
£ 4.« Add the
3.-Add a objects that will
2-Createa | ——
license database " beusedas
) markers.
\J
6.- Create a
project in Unity 5.- Select the
7.- Add AR -Go to Build type of marker
Camera ' Settings - Switch and download
Platform Yo the database
Android
L4
8.- Add QR 9.- Add the 3D d::." f:' ""’.
code in “Add - -» modeltothe - u? Z“N 4
Target" target. SOV, SOOR)
and animate)
v
] Y, Proper 11.- Simulate
POMPIOCONS. po XS functioning,” APP operation
. Ho
' :
App Instalied X
on Android f
device Check errors

Figure 5 Flowchart for AR app design
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Step 3 Using the App on the Android device

In this step, the app installed on the Android
device is opened and the QR code printed on the
manufacturing drawings is scanned to display
the digital information, Figure 6.

.‘.‘_‘_l&

Figure 6 AR App installed on an Android device
Results

A questionnaire was applied to 47 machining
companies in the city of Chihuahua, Mexico, and

the results shown in Figure 7 were obtained:

1. Errors due to lack of training (38%).

2. Errors in the set-up of the machine set-up
(28%).
3. Errors in the interpretation of

manufacturing plans (24%).

Most common errors in CNC machining
processes frecuency

Errorsin programming G-M codes I
Errorsin methods of measuring parts I

Errorsin machinesoperations I

Errosin part clamping methods I

Errorsin the calbration of cutting tools I
Errorsin the work coordinate setup I
Errorsin the interprettion of .. I
Errorsby kck of training I

o 5 o 15 20 25 30 35 40

Figure 7 Result of the questionnaire in the determination
of critical errors in machining
Source: Own Elaboration, 2022

Based on the identification of these three
critical errors, three types of specific AR
applications were designed:

1. Apps for manufacturing blueprint
interpretation.

2. Apps for assemblies.

3. Apps for machining parameters and

operation data.
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To measure the impact of the application,
a project was carried out at TecnoMagq in the city
of Chihuahua Mex. in the period January-April
2022, obtaining the following results:
elimination of interpretation errors by 100%,
reduction of setup downtime by 40%,
elimination of scrap by 0%, increase of tool life
by 30%, reduction of training time (in annual
review) and finally the most important, the
quality assurance of the manufactured parts.
With the reduction of these factors mentioned
above, it was possible to obtain a great benefit
for CNC machining companies, since by
reducing them, productivity increased by 50%,
product quality improved, tool collisions were
avoided, rework was reduced and it was proven
that instructions with AR are much easier to
understand than classic instructions (visual aids).
In addition, it turned out that it is very useful to
implement AR Apps to visualise the information
as they provide a better representation of the
parts in 3D so that operators who lack spatial
visualisation skills do not make mistakes in the
interpretation.

Finally, it is proposed as an opportunity
for improvement to implement a Human
Machine Interface (HMI), through the
integration of AR-IA and IloT to send
information, visualise, monitor and control
variables through the Apps in real time without
the need to implement expensive automation
technologies. It is recommended that this
integration can be used to solve problems in the
following processes:

- Validation processes.

- Mechanical assembly processes.

— Downtime reduction (Quick set-up
change).

- Critical set-up checks.

- Preventive maintenance.

- ERP administrative processes.

Conclusions

By using AR applications, it is intended that
participants who have no experience in drawing
interpretation, machine tool operation and who
lack operational skills can easily identify process
parameters, determine tool setup values and
origins, interpret manufacturing and assembly
drawings, all with the ultimate goal of avoiding
errors in the machining process, ensuring
optimal machine functionality and guaranteeing
product quality for the benefit of their customers.
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Annexes
Annex A. Questionnaire:

1. Specify the position that you have in the
company.

2. Types of CNC machines that the
company has.

3. Select the most common types of errors
that are presented in your machining
process.

4. Of the types of errors in the CNC
machining process, which one do you
consider the most critical and important
to solve, specify:

5. Do you use any CAD software for design
in your company, specify:

6. Do you use any software for CNC
programming in your company, specify:
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7. Do you know what Augmented Reality
is?

8. Do you use Augmented Reality in any
process in your company?

9. Do you consider important to implement
complementary technologies such as:
Augmented Reality, Artificial
Intelligence, Internet of Things, Big
Data, Collaborative Robotics, 3D
Printing, Cyber  Security, Cloud
Computing, among others to optimize
manufacturing processes?
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Annex B Blueprint with QR code for AR Apps
for manufacturing blueprints.

Annex C Drawing with QR code for AR Apps
for assemblies
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Annex D Drawing with QR code for AR Apps
for machining parameter information and
operation data
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Abstract

This energy study is developed within a wastewater
treatment plant by aerated lagoons, where a series of
problems such as activation of temperature
protections, phase loss and thermal protections are
presented. When analyzing the electrical installation
and the constitution of each motor, the hypothesis of
a possible presence of harmonics outside the
established ranges that are producing distortion and
increase of the voltage and current signal, as well as
a possible resonance, was raised. For this reason, it is
intended to carry out an Electrical energy quality
analysis in electrical machines of the PTAR de Aguas
del Municipio de Durango, through specialized
equipment and based on international standards. The
power quality analysis contemplates the analysis of:
voltage, current, individual harmonic content, THDv,
THDi. The methodology proposed by Dugan,
McGranaghan, Santoso, & Beaty (2004) and the
performance of energy diagnoses according to what
was established by Sifuentes et al (2016) were used.
As a result, the confirmation of the hypothesis is
obtained where the motor that contains power
electronics is a source of harmonics that are
amplified by the capacitor bank.

Power quality, Sewage, Electricity

Resumen

El presente estudio energético se desarrolla dentro de
una planta de tratamiento de aguas residuales por
lagunas aireadas, donde se presentan una serie de
problemas como activacion de las protecciones de
temperatura, pérdida de fase y protecciones térmicas.
Al analizar la instalacién eléctrica y la constitucién
de cada motor se plante6 la hip6tesis de una posible
presencia de armoénicos fuera de los rangos
establecidos y que estén produciendo distorsion y
aumento de la sefial de voltaje y corriente, asi como
una posible resonancia. Por esta razon se pretende
realizar un analisis de la calidad de la energia
eléctrica en maquinas eléctricas de la PTAR de
Aguas del Municipio de Durango, a través de equipo
especializado 'y con base en estandares
internacionales. El andlisis de la calidad de la energia
contempla en analisis de: voltaje, corriente,
contenido arménico individual, THDv, THDi. Se
utiliz6 la metodologia propuesta por Dugan,
McGranaghan, Santoso, & Beaty (2004) y la
realizacion de diagnosticos energéticos de acuerdo a
lo establecido por Sifuentes et al (2016). Se obtiene
como resultado la confirmacion de la hipétesis
planteada donde el motor que contiene electrénica de
potencia es una fuente de arménicos mismos que son
amplificados por el banco de capacitores.

Calidad de la energia, Aguas residuales,
Electricidad
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Introduction

Aguas del Municipio de Durango has several
recycled water treatment plants (PTAR), one of
them called the eastern plant started operations
in 1996 and the type of treatment is by aerated
lagoons (figure 1), with approximately 25
operators. The volume treated by this plant is
45,186,272 m3/year, with a capacity of 2,000
L.P.S. and an average of 1,650 L.P.S.

P

INFLUENTI 4
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L Pt Nat! [
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CONVEYOR rur LAGOONS
BeLY STATION LAGOONS
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+  EFFLUBNT
AERATED AERATED f\
LAGOONS LAGOONS SEDMMENTATION
DISINFECTION LAGOON

Figure 1 Aerated lagoon system operation diagram
(AMD,2018)

In general terms, the purpose of the
system is to inject air into the sewage. To
achieve this, the electrical installation has 6
motors of approximately 400hp each, fed by a
medium voltage service, with two 2,500 KVA
transformers, one of which is in operation and
the second as a backup. After carrying out a type
1 energy diagnosis using the DESMB
methodology (Sifuentes et al, 2016), the
operating voltages of both transformers were
34,500-440/254v, both being at the 4th TAP and
a maximum registered demand of 761kVA.

The 6 motors (blowers) are used to inject
air into the treatment lagoons, 4 of them are
exactly the same and are called type A and the
remaining two have similar characteristics and
are called type R. The specifications of each of
them are presented below:

Voltage

Frequency
Current
Power factor

Table 1 Blower data type A
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The data for blower type B is as follows:

Power
Voltage

Frequency
Current
Power factor

Table 2 Data blower type B

It is important to emphasise that although
each motor has a power factor within the
standard, each of them has a capacitor bank of
around 80 KVAR.

It is also important to explain that the R
type blowers and the A type blowers have very
specific differences, the former have induction
motors that operate in a "traditional” way, they
only have a solid state starter for their operation,
on the other hand the A type blowers are motors
with a much more complex electronic control.

According to the maintenance engineers,
the operation of the blower area was carried out
with 3 blowers: two R type blowers and one A
type blower, but for some time now, when a
fourth A type blower was switched on, faults
started to occur only in the A type blowers, the
most frequent faults were: activation of the
temperature protections, phase loss and thermal
protections.

On analysing the electrical installation
and the constitution of each blower, the
hypothesis of a possible presence of harmonics
outside the established ranges was put forward,
produced by the power electronics of the type A
blowers and which are probably producing
distortion and an increase in the voltage and
current signal as well as a possible resonance
with the capacitors installed in each blower.

For this reason, it is intended to carry out
an analysis of the quality of electrical power in
electrical machines at the PTAR de Aguas del
Municipio de Durango, using specialised
equipment and based on international standards,
at the point of common coupling and in the
rotating electrical machines. The power quality
analysis contemplates the analysis of the
following variables: voltage, current, individual
harmonic content of voltage and current, total
harmonic distortion of voltage and current, at the
point of common coupling and at the blowers.
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Methodology to be developed

The methodology used in this project is
presented in figure 3.

POWER QUALITY PROBLEM EVALUATIONS
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Figure 2 Working methodology
(Dugan, McGranaghan, Santoso, & Beaty, 2004)

The first part, which corresponds to the
identification of the problem, was carried out by
performing two energy diagnostics in
accordance with Sifuentes et al (2016). Firstly, a
type 1 diagnosis (DEN 1) was performed, in
which the process was observed and the various
people in charge of maintenance in the area were
questioned, followed by a type 2 diagnosis for
the second part of the scheme, called
"characterisation of the problem”, in which
power quality measurements were taken.

The measurements were carried out with
a Fluke three-phase power analyser model 432-
I1, serial number 26093004. Since the process
does not undergo considerable changes during
operation, i.e. no speed control is required during
operation, no variation of torque and therefore
no variation of voltages and/or currents during
the aeration process, etc. is required. It was
estimated that with 10 days of measurement
equivalent to 203 hours, the failures of the
system can be explained and detailed.

Results

In the following, several measurements were
carried out in order to find an answer to the
above-mentioned problem. In the first
measurement period, the power and energy
variables were analysed. During this
measurement period, two type R motors and one
type A motor were in operation.
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Table 3 shows a summary of the average
data obtained during the measurements.

\ Average phase voltage 256.63v
| Average line current 936.75a
| Total power 645.228 kW
| Total Fp. 0.96

Active energy 58739.148 kWh

Table 3 Power and energy measurements

The average values of voltages and
currents are within the normal parameters
according to the values on the data plates of each
motor. It is also observed that the power factor is
adequate as it is above 90%.

The following graphs show the
behaviour of each variable during the first three
days of measurement.

vavmm.w\m._w—w —

P i e SIS T i

rwvwm,u\hwv/fw\v '\“..Wn\p/“

Figure 3 Voltage measurement

Similar behaviour is observed in all three
phases, with some decreases of between 4 to 6
volts, which is considered normal due to the
process itself.

Figure 4 Current measurement

Similar behaviour is observed in all three
phases, with some increases of 3 to 5 amperes,
which is considered normal due to the process
itself.
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Figure 5 Power and fp measurement

A constant power behaviour is observed
(lower line) with an average of 58739 kWh and
a constant power factor (upper line) of 0.96 with
some decreases of two percentage points
considered normal due to the process.

Subsequently, harmonic measurements
were carried out with a type R motor and a type
A motor connected to the system. Table four
presents the summary of the average data
obtained during the measurement.

Average line voltage [ESNEIA
INAEWER NIl 622.517a
Frequency 59.98 Hz
THDv 4.28
THDi 23.58

Table 4 Harmonic measurements

The average values of voltage, current
and frequency are within normal parameters
according to the values on the data plates of each
motor. The total harmonic distortion in voltage
and current will be analysed in the harmonic
spectrum graphs presented below.

Graph 1 Harmonic voltage spectrum

Graph four shows that the THDv is
below 5%, so, taking as a reference the IEEE
519-2014 standard in its section on low voltage
system classification and distortion limits for
distribution systems in general from 120V to
69,000V, it establishes that the THDv must be
below 5%, so this parameter is within the
standard.
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The current harmonic spectrum analysis
is shown in graph five.

Graph 2 Harmonic current spectrum

For the analysis of the harmonic
spectrum in current, the IEEE 519-2014
Standard was taken as a reference in its section
on current distortion limits for distribution
systems in general from 120V to 69,000V. For
this, the ratio between the maximum short circuit
current (Isc) and the maximum load current (11)
was determined, obtaining a value of 8.89, with
this it is obtained that the limit values for THDiI
is 5%, harmonics less than 11 less than 4%, from
11 to 17 less than 2% and from 17 to 23 less than
1.5%. It is therefore clear that THDi is outside
the norm, in addition to harmonics 5, 7, 9, 11, 13,
15 and 17, 19 and 21 are outside the norm.

Based on these measurements, it was
decided to measure harmonics separately in each
of the motors, starting with the R type motor and
then with the A type motor with and without
capacitors, due to the power electronics that
make it up. The harmonic current spectrum for
the type R motor is shown in graph 6.

Graph 3 R type motor current harmonic spectrum

In accordance with IEEE 519-2014 and
the Isc/ll ratio, the THDi value must be less than
8%, so the type R motor, even with the
capacitors, is within the standard.
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Subsequently, the harmonic current
spectrum was measured for the type A motor
with and without harmonics, as shown in graph

7.
|l|'-l|,|l o =

Graph 4 Harmonic current spectrum of motor current type
A

The blue bar shows the harmonic current
spectrum of the type A motor without capacitors,
while the orange bar shows the harmonic current
spectrum of the type A motor with capacitors. It
can be seen that the motor on its own without the
capacitor bank generates a THDi of 32.5% and
when the capacitor bank is connected, it
amplifies all the harmonics, reaching a THDi of
38.1%, which exceeds the limits set by the IEEE
519-2014 standard.

Finally, a comparative graph is presented
with various operating scenarios focusing on the
use of capacitors.

Graph 5 Harmonic current spectrum different scenarios

The blue bar shows a type R motor with
capacitors, the orange bar shows a type A motor
without capacitors, the grey bar shows a type A
motor with capacitors and the yellow bar shows
two motors, one type R and the other type A with
capacitors.

ISSN 2523-6822
ECORFAN® All rights reserved

December, 2022 Vol.6 No.15 25-30

It can be seen that the type R motor
without capacitors (blue bar) presents a
harmonic spectrum within the parameters
established in the standard, while the type A
motor without capacitors and with capacitors
presents values outside the values indicated in
the IEEE 519 standard. Something interesting is
the behaviour shown in the yellow bar, where
there is a type R and type A motor with
capacitors, it can be seen that the THDi and the
%HD of each harmonic drops considerably with
respect to the operation of the type A motor on
its own.

Conclusions

We are able to conclude that the faults indicated
above are caused by the use of the type A motor.
This motor, as it has power electronics, is a
source of harmonics which are amplified by the
capacitor bank. In addition, it can be seen that
the type R motor, when operating together with
the type A motor, compensates the harmonic
content by reducing it, this is caused by the type
of harmonics generated by each motor, negative
sequence harmonics and positive sequence
harmonics.

Graph 7 shows that the harmonics
generated by the type A motor are of positive and
negative sequence, the largest being of negative
sequence (h5), this causes the motor to
experience small turns in the opposite direction
to the normal rotation of the motor, which can
cause the phase loss fault to be triggered,
likewise the positive sequence harmonics cause
the general increase in the current in the system.
Although the joint operation of the type A and
type R motor causes a decrease in harmonic
content (graph 8) due to the compensation
generated by the type R motor, this can cause
damage to the latter in the future due to the
increase in current and the impact of the negative
sequence harmonics explained above.

It is recommended at first to disconnect
the capacitor bank of the type A motor because
it is amplifying the harmonic content generated,
this would not affect the reactive power
compensation as the motor itself has an adequate
power factor. Secondly, the implementation of a
tuned passive filter for the type A motor for
harmonics 5, 7, 11, 17, 19, 23 and 25.
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