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Abstract 

 

The purpose of this study is the development and 

implementation of a computer vision system for color 

identification in a set of parts, which were disposed on a 

continuously moving conveyor belt. The process for 

acquiring the images associated with the parts at issue, the 

preprocessing and treatment phases performed, as well as 

the results of the recognition of the feature of interest in 

each of these are exposed. It is worthy to mention that the 

feature of interest in the analyzed parts was established 

from three classes different, associated with the primary 

colors. The results obtained suggest the effectiveness of 

the implemented vision system, even as a prototype; which 

was integrated using low-cost and easy-to-use materials, 

and whose programming was developed in the open-

source software Python, using the OpenCV library. Not 

only an effective recognition of the class corresponding to 

each part entered is highlighted, but also the possibility 

that said operation be executed without the conveyor belt 

used stopping its moving. 

 

 

Computer vision, Color identification, Moving parts 

tracking 

 

Resumen 

 

El presente estudio tiene por propósito el desarrollo e 

implementación de un sistema de visión por computadora 

para la identificación del color en un conjunto de piezas, 

las cuales fueron dispuestas sobre una banda 

transportadora en movimiento continuo. Se expone el 

proceso para la adquisición de las imágenes asociadas a las 

piezas en cuestión, las fases del preprocesamiento y 

tratamiento ejecutados, así como los resultados del 

reconocimiento de la característica de interés en cada una 

de éstas; misma que fue establecida a partir de tres clases 

distintas, asociadas a los colores primarios. Los resultados 

obtenidos sugieren la efectividad en el funcionamiento del 

sistema de visión implementado, aun como un prototipo; 

el cual fue integrado empleando materiales de bajo costo 

y fácil manejo, y cuya programación fue desarrollada en 

software de código abierto: Python, y la librería OpenCV. 

Se resalta, no únicamente un reconocimiento efectivo de 

la clase correspondiente a cada pieza ingresada, sino la 

posibilidad de que dicha operación sea ejecutada sin que 

la banda transportadora utilizada detuviera su recorrido. 

 

Visión por computadora, Identificación de color, 

Seguimiento de piezas en movimiento 
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Introduction 

 

In recent decades, the evolution of inspection 

systems has left aside manual tasks, performed 

by people, to focus on the use of the computer as 

a means for the automatic execution of such a 

function (Xiao-bo, Jie-wen, Yanxiao, & Holmes, 

2010) (Patel, Kar, Jha, & Khan, 2012). From this 

fact, various industrial activities have benefited, 

including the selection of fruits and vegetables 

(Vijayarekha, 2012) (Zhang, y otros, 2014), food 

safety assurance (Dowlati, de la Guardia, & 

Mohtasebi, 2012) (Jackman & Sun, 2013) and, 

the manufacturing and assembly of mechanical 

elements (Barari, 2013) (Ayub, Mohamed, & 

Esa, 2014), among others. Thus, automatic 

inspection systems are developed from the 

application of artificial vision techniques, which 

encompasses the study of methods for 

understanding and encrypting an analyzed 

image, from a computer, in order to obtain 

certain characteristics. that are of interest 

(Santos-Gomes & Rodrigues-Leta, 2012). In this 

way, a computer vision system can be 

considered as an integration of mechanical 

elements, sensors and instrumentation, digital 

video systems and image processing techniques 

(Patel, Kar, Jha, & Khan, 2012). 

 

On the other hand, image preprocessing 

includes the use of operations to improve its 

quality, through noise reduction, contrast 

improvement and the definition of captured 

shapes (Kodagali & Balaji, 2012). After 

preprocessing, the segmentation, description and 

recognition of individual objects present in the 

captured image are necessary, from the 

extraction of study attributes, such as edges, 

contours, areas, etc. Finally, the application of 

cognitive functions, associated with vision, is 

required to provide a sense to the recognized 

object as a whole (Xiao-bo, Jie-wen, Yanxiao, & 

Holmes, 2010). 

 

It is worth mentioning that, at present, 

various industrial operations perform automated 

inspection tasks of processed parts on a moving 

conveyor belt. Such an attachment is one of the 

main components of a typical material handling 

system (Bozma & Yalçın, 2002), on which 

objects are briefly positioned to be transported 

between two different points of a production 

process (Selver, Akay, Alim, Bardakçı, & 

Ölmez, 2011). By means of a camera, usually 

placed above the conveyor, that each object that 

moves along it is visualized (Tran, 2019). 

Motivation 

 

Given the relevance of computer vision systems 

in the current industrial environment, and 

particularly, of its application as a central 

element in automated inspection, it is of great 

interest in the technological academic field, the 

study of the elements that comprise it, as well as 

the role they perform together. Such is the 

importance conferred to these systems, which 

are part of the subject topics for various 

Engineering profiles; therefore, an exploration in 

great detail of their capabilities can bring with it 

knowledge of their functionality, prior to having 

contact with them in the industry. 

 

However, since having a vision system 

with the features of those used in large 

transformation companies, means a heavy 

expense, it is possible to resort to the creation of 

a prototype, made up of elements that are easy to 

use, low cost and with acceptable performance. 

Likewise, based on the evolution of computing 

and the proposal of increasingly competitive 

programming languages and specialized 

libraries, it is possible to develop sophisticated 

artificial vision algorithms, without resorting to 

complex equipment or high processing demand, 

but that they can be executed from a personal 

computer. 

 

Additionally, the process of designing 

the functionality of a vision system for 

automated inspection purposes implies 

understanding its structuring phases, starting 

from its base elements: software and hardware. 

Therefore, the need and challenge of conforming 

both the physical portion, as means for image 

acquisition, and developing its virtual 

counterpart, to ensure the processing of these 

and the extraction of the useful characteristics 

for the analysis undertaken, is assumed. In this 

way, the proposed process can encompass a set 

of tasks that enrich the experience of the 

participants. 

 

Conveyor belt prototype 

 

The conveyor belt used, shown in figure 1, was 

created from two side walls manufactured in 

rectangular hollow sections (RHS); at whose 

ends are located the supports that give them 

height.  
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The separation between walls was 

established by metal rollers screwed to them; 

one of which allows the tension adjustment of 

the belt itself. The belt used is made of black 

rubber, whose ends were joined to form a closed 

loop. Likewise, a direct current electric motor 

with mechanical reducer is used, powered at 12 

V; which is attached to one of the end rollers of 

the band to induce movement, at a rate of 0.157 

ft./s (0.048 m/s). 

 

 
 
Figure 1 Conveyor belt used 

Source: Own Elaboration, 2022 

 

An inspection area has been adapted to 

the conveyor described, consisting of two walls 

and a flap, made of sheets of steel sheet, and 

joined together. The walls were welded to those 

of the band, from four steel angle bars, which 

also support the upper portion. On the latter, a 

base was adapted for the location of the camera, 

being manufactured in polylactic acid (PLA) by 

3D printing. Curtains were placed on the open 

ends, whose function is to allow parts access to 

the inspection area, while it remains isolated 

from external lighting. 

 

Structure and function of vision systems 

 

A computer vision system is mainly made up of 

five basic elements: lighting, camera, image 

capture card, software and hardware, as shown 

in figure 2. Other complementary elements to the 

vision system can be image filters and the guided 

means for the transportation of the digitized 

image and the communication between devices 

(Dowlati, de la Guardia, & Mohtasebi, 2012) 

(Zhang, y otros, 2014). 

 

 

 
 
Figure 2 Computer vision system structure 

Source: Own Elaboration, 2022 

 

The camera is the main component of the 

vision system, performing image acquisition. 

The captured image is a matrix of tiny 

photosensitive elements; whose shutter is 

proportional to the amount of incident light. An 

image capture card is used to identify the frame 

of an object, and then store it in a compressed 

form (Wu & Sun, 2013). Meanwhile, the 

hardware and software work together for the 

analysis of the acquired image, the extraction of 

the features of interest and the execution of the 

classification task. Such actions are similar to 

those performed by the human brain (Ayub, 

Mohamed, & Esa, 2014) (Wang, Wang, Chen, & 

Xu, 2018). 

 

Similar to human eyes, computer vision 

systems are affected by the level and quality of 

lighting. Such property is applied to the objects 

to be inspected, therefore, the control in the 

intensity and effectiveness of the lighting system 

used, determines, in turn, the effectiveness in the 

processing of the acquired images (Wang, 

Wang, Chen, & Xu, 2018), by reducing 

disturbances inherent to this process (Kodagali 

& Balaji, 2012). 

 

The main interest of the processing and 

analysis of the images, obtained from the 

application of a computer vision system, is to 

constitute an informative, significant and 

explicit description of the physical object of 

interest (Brosnan & Sun, 2004) (Dowlati, de la 

Guardia, & Mohtasebi, 2012). For which, 

algorithms will have to be developed and applied 

that allow the subsequent execution of object 

classification or measurement tasks (Ye, Dong, 

& Liu, 2016), through the fulfillment of the 

following stages: 
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1. Acquisition of images and their 

conversion to a digital format. 

 

2. Improvement of the characteristics of the 

image for its pre-processing. 

 

3. Segmentation of the digital image to 

separate non-overlapping regions. 

 

4. Obtaining the characteristics of the 

object of interest in the image. 

 

5. Classification for the identification of the 

object through groups of classes. 

 

Operation of the proposed system 

 

The proposed computer vision system will have 

to identify the color and area attributes of the 

parts that are placed on a first end of the used 

conveyor belt. Each part deposited on the belt 

will be taken inside the inspection area, and 

when detected by the camera, a contour will be 

drawn on its edge, of the respective color.  

 

This contour represents the result of the 

visual classification executed on each part 

entered, based on the feature of color; being 

established three categories: red, green and blue. 

It should be noted that the conveyor will never 

stop moving. 

 

Thus, when executing the capture of 

images corresponding to the parts on the moving 

belt, the camera will play a vital role for the 

implemented vision system. In this case, it is a 

Genius FaceCam 321 model camera, shown in 

figure 3, whose specifications are presented in 

table 1.  

 

The focus of such camera has been 

oriented inside the confined space by the 

inspection cabin, adapted above the belt. The 

focal point of the camera was placed at a 

horizontal distance of 4.331 in (11 cm) and a 

vertical distance of 4.134 in (10.5 cm), both with 

respect to the lower left corner that forms the 

roof of the cabin used. 

 

 
 
Figure 3 Genius FaceCam 321 camera 

Source: https://us.geniusnet.com, 2022 

 
Feature Specification 

Weight 1.764 oz (50 g) 

Height 2.362 in (6 cm) 

Width 1.772 in (4.5 cm) 

Depth 1.575 in (4 cm) 

Software 

Arcsoft WCC4 Lite 

Arcsoft MiVE 

Genius Utility 

Minimum processor Intel/AMD 1.6 GHz 

Minimum RAM 512 MB 

Interface USB 2.0 

Sensor type CMOS 

Mounting type Clip/Stand 

Digital zoom 3X 

Resolution 8 Mpx 

Video formats supported  M-JPEG, WMV 

Maximum video resolution 640 x 480 px 

Maximum frame rate 30 pps 

 
Table 1 Technical details of Genius FaceCam 321 camera 

Source: https://us.geniusnet.com, 2022 

 

As the camera was placed above the 

inspection compartment, in addition to being 

viewed at a vertical distance of 0.886 ft. (27 cm) 

above the conveyor belt, it was possible to 

establish a 0.656 x 0.525 ft. (20 x 16 cm) surface 

captured by the shot. Therefore, it should be 

noted that the aforementioned area exclusively 

ensures the visualization of the portion of the 

belt and, once the corresponding tests have been 

performed, the appreciation of each of the 

objects that move through it. Such a ratio was 

determined by the focal length between the 

camera lens and its field of view. 

 

Likewise, in order to preserve the 

adequate lighting conditions for color 

recognition in the parts to be processed, cold 

white light-emitting diodes (LEDs) were 

adapted inside the inspection space.  
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These devices were located in proximity 

to the upper corners inside the cabin, so that their 

orientation allows the lighting to be assigned and 

uniformly affect the upper face of each part 

entered. This decision was made given that, 

since the upper face of the parts is fully captured 

by the camera, this will be the reference for the 

subsequent processing that will be executed on 

the acquired image. 

 

Algorithm for part classification 

 

The preparation of the inspection cabin, the 

establishment of the camera capture area, and the 

calibration of the lighting system used, allowed 

to continue with the development of the visual 

classification algorithm of parts, as well as the 

performance of the initial tests on them in order 

to validate its effectiveness. It will be common 

that in the image analysis and processing 

sections, the term “object” be used to refer to the 

area of interest detected and that stands out from 

the background in a specific image; unlike 

“part”, which will refer to the physical element 

of interest, in which the features from which this 

analysis is applied converge. 

 

The algorithm used for the classification 

of parts was programmed in the Python 

Integrated Development and Learning 

Environment (IDLE), through functions from 

the OpenCV library, whose purpose is the 

acquisition and processing of images and video. 

The flow in the developed programming 

includes the stages shown in figure 4. 

 

Acquisition

Binarization

Segmentation

Start

A

Red?

Green?

Blue?

Blurring

Dilation

Contour

A

End

 
 
Figure 4 Algorithm for part classification by color 

Source: Own Elaboration, 2022 

Image acquisition 

 

Image acquisition is determined by light 

reflected, transmitted or emitted from the beam 

arrangement received by the camera and 

radiation from the illumination system, which 

can illuminate, transmit through, reflect or 

absorb after interacting with the object studied 

(Zhang, y otros, 2014). Therefore, having a 

space that is properly isolated from the outside 

and uniformly lit is critical for this process. It is 

worth mentioning that the surface defined for the 

camera focus, and that frames the width of the 

belt, ensures the capture of any point on it; where 

a particular disposition of each part to be 

analyzed is not required; as highlighted in figure 

5. It is even possible that the analyzed part 

adopts any orientation on the belt, without this 

affecting the effectiveness of subsequent 

processing. 

 

 
             a)                     b)                       c) 

 
Figure 5 Part capture on the belt at: a) upper end, b) center 

and c) lower end 

Source: Own Elaboration, 2022 

 

Image binarization 

 

The preprocessing of each acquired image 

begins with the binarization or thresholding 

operation, which distinguishes only two classes 

in a captured image: the object of interest and the 

background that contains it. This process is 

based on the imposition of a threshold intensity 

value, from which the portions of the image with 

an intensity equal to or greater will be 

represented completely white, while those below 

will appear black. Such an operation confers the 

features of computational simplicity, high speed 

and zero complications in its implementation 

(Tavakoli & Najafzadeh, 2015). 
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In this case, it is intended that the black 

color corresponds to the background that 

surrounds the part of interest, while the white is 

assigned to the surface of the latter, highlighting 

it from the rest of the captured image. However, 

it is necessary to mention that, by submitting 

three different colors of the part to the analysis, 

three different options were determined for the 

identification of each color, which leads to 

distinguish one part from another by means of 

such an attribute. 

 

Object segmentation 

 

Segmentation divides a binarized image into 

various regions, by highlighting the object of 

interest from its background, with the aim of 

extracting its own features (Brosnan & Sun, 

2004). Thus, for the purposes of the exposed 

analysis, the segmentation allows the proposal, 

by the user, of the maximum and minimum 

values per component of the RGB spectrum, for 

the distinction of the part from the rest of the 

image captured by the camera. For which, the 

gradual modification of each color component 

(red, green or blue) was performed; starting by 

removing those that do not suggest a great 

presence in the analyzed part. For the success of 

the aforementioned operation, within the 

algorithm, the visualization of the analyzed 

object was programmed on an alternate screen, 

once binarized, as well as a set of bars that 

allowed the user to directly modify the 

conditions for the segmentation of each part, 

according its color; as can be seen in figure 6. 

The slider bars used, whose values range from 0 

to 255, indicate the shade of the color to be 

identified, from its lowest or darkest point to its 

highest or brightest point, depending on the 

primary component to be affected. 

 

 
                      a)                                b) 

 
Figure 6 Green part segmentation: a) proposed values and 

b) aspect 

Source: Own Elaboration, 2022 

This operation was applied differently 

for each part analyzed, since the levels proposed 

for the detection of a specific color would be 

dissimilar from those necessary for the 

recognition of any of the other two identifiable 

ones. Likewise, from the execution of an 

adequate operation, it can be ensured that if a 

part, with a different color, is placed near to 

another whose color has been previously 

segmented, the vision system ignores the 

attributes of the first. This effect is due to, as it 

does not belong to the segmented color group, 

the system interprets any other part as a portion 

of the background in the captured image. 

 

It is worth mentioning that, if during the 

segmentation of any of the proposed class colors, 

an excessive withdrawal is exerted on any of 

their components, it is possible that there is a loss 

of substantial information in the analyzed part. 

Such a situation can lead to an inadequate 

interpretation of the information established by 

the processing, as shown in figure 7. In this 

figure, an incomplete determination of the area 

corresponding to the represented part can be 

seen, which would negatively affect the 

subsequent phases of the analysis performed. 

 

 
 
Figure 7 Loss of part information 

Source: Own Elaboration, 2022 

 

After completing the segmentation 

process on each specific class, within the 

initially proposed categorization, the quantities 

given in table 2 are determined, in which the 

minimum and maximum values respectively 

used to identify the color of the analyzed part are 

shown. It should be noted that the exclusive use 

of each pair of values allows the identification of 

parts with the indicated color, seeking at all 

times to eliminate possible overlaps between sets 

that lead to interpreting one color as another. 
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Part 

Color 

R 

Component 

G 

Component 

B 

Component 

Min. Max. Min. Max. Min. Max. 

Red 183 255 83 160 87 163 

Green 72 124 131 255 91 145 

Blue 44 124 74 177 188 255 

 
Table 2 Values set for color targeting 

Source: Own Elaboration, 2022 

 

Blurring operation 

 

The blurring operation allows the smoothing of 

the edges that define an object analyzed in a 

specific uniform background. Therefore, if there 

are cavities or irregular regions in the captured 

object, which do not exist in the real part, they 

could well be eliminated by means of this 

operation, or at least they would acquire a more 

homogeneous appearance. Such an action is 

possible by averaging the colors of a specific 

pixel and some of its neighboring pixels (Du & 

Sun, 2004). 

 

Thus, after performing the color 

identification process in each part analyzed, it is 

possible that, due to the excessive modification 

of some tonality index, isolated portions of color 

or noise that do not belong to the set of pixels 

that represent each detected part be noticed. 

Such a situation can be inherently caused by 

trying to preserve substantial information that 

allows the part to stand out from the background 

that surrounds it; being necessary the blurring of 

the captured image. 

 

Dilation operation 

 

Smoothing the edges of an object, from the 

blurring process, could result in an irregular 

entity that does not retain the shape, proportions, 

or sizing of the original part. Therefore, it is 

decided to increase the region of the analyzed 

object, by means of the dilation operation (Patel, 

Kar, Jha, & Khan, 2012). This operation would 

not only provide a solid and uniform appearance 

in the processed object, but also the cavities or 

hollows caused by previous operations can be 

eliminated, as they are “absorbed” by the action 

of dilation. Continuing the processing executed, 

the application of the dilation operation seeks, as 

much as possible, to generate a processed part 

with an appearance very similar to the original, 

which may be evident in the shape of the outer 

contour that distinguishes it from the 

background.  

 

This limit between pixels of two different 

classes, will highlight the final contour of the 

processed part for its identification, not only of 

the background that surrounds it, but of other 

parts in different colors, which can be captured 

at the same time, by the camera, on the belt. 

 

Part contour 

 

Post-processing, feature extraction defines a set 

of attributes that meaningfully represent 

information that is important for analysis and 

classification of a studied object. The most 

commonly analyzed features are color, shape 

and texture (Patel, Kar, Jha, & Khan, 2012). 

Thus, feature selection algorithms base their 

function on the establishment of properties that 

allow adequately defining the attribute of 

interest for the study, which, after processing, 

can be located in the contour or region of the 

analyzed object (Makem, Ou, & Armstrong, 

2012). 

 

In this case, after establishing the region 

associated with the area occupied by the 

processed part, for each color, it was necessary 

to draw a contour that would fix the identified 

surface of the background or of some other part 

that could be captured by the camera. In 

addition, the customization of the established 

contour was done, based on the designation of a 

specific thickness and color; where the latter 

alluded to the color detected in the part captured 

in particular. 

 

Part classification results 
 

The formation of images through the camera 

used, as well as the application of techniques for 

their pre-processing, allowed to characterize 

each part of interest, based on its color, 

distinguishing it from the background, 

regardless of whether they were in motion. In 

particular, the function of segmentation in 

estimating the necessary parameters for the 

identification of each component of the RGB 

spectrum, present in each analyzed part, through 

binarization, is highlighted. 

 

Thus, as a result of the segmentation, 

executed on each proposed class, it was possible 

to establish the quantities specified in table 2, 

which represent the minimum and maximum 

values necessary for the adequate identification 

of the color of each analyzed part.  
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Therefore, the exclusive use of each pair 

of given values allows the characterization of the 

parts in the respective color, indicated in the 

table itself; considering the elimination of any 

overlap between tonal sets, which leads to 

interpreting a color as a different one. 

 

It should be noted that, based on the 

given values, it was also possible to adequately 

identify each of the three possible color classes 

in an analyzed part, independently, even in the 

presence of objects belonging to the remaining 

classes. Such an effect can be verified in figure 

8, in which a respective part of each class is 

characterized, close to elements corresponding 

to the other two analyzed, without this fact 

affecting the effectiveness of the identification 

task, depending on the color. 

 

 
a)                    b)                   c)               d) 

 
Figure 8 Segmentation by class: a) red, b) blue, c) green 

and d) acquired image 

Source: Own Elaboration, 2022 

 

It is noteworthy that, during the part 

recognition process, efforts were made to have 

significant information available that would 

enable a propitious definition, not only of its 

color, but also of its physical dimensions; which 

were particularly related to the region detected 

for each one. Therefore, the application of 

blurring and dilation operations was a priority, in 

order to have an area as uniform as possible, 

which would represent each part analyzed, and 

in turn, its limits with respect to the background, 

as can be seen in the figures 9 and 10, 

respectively. 

 

 
a)                    b)                   c)                 d) 

 
Figure 9 Blurring by class: a) red, b) blue, c) green and d) 

acquired image 

Source: Own Elaboration, 2022 

 

 
a)                    b)                    c)                    d) 

 
Figure 10 Dilation by class: a) red, b) blue, c) green and 

d) acquired image 

Source: Own Elaboration, 2022 

 

Resuming the identification of parts of a 

specific class in the presence of those that 

belonged to a different one, figure 11 shows the 

imposition of an external contour on each 

analyzed part. This contour encloses the region 

that represents the area identified in each part, 

determined by a set of pixels that share the same 

color. Finally, figure 12 exhibits the adequate 

identification of a part for each color, once it 

describes a movement through the conveyor 

belt. It is noted that despite the appearance of 

noise, inherent to the given displacement, the 

recognition of each part is performed 

successfully. 

 

 
a)                    b)                   c)                    d) 

 
Figure 11 Contour by class: a) red, b) blue, c) green and 

d) acquired image 

Source: Own Elaboration, 2022 

 

 
a)                        b)                    c) 

 
Figure 12 Moving part classification: a) red, b) green and 

c) blue 

Source: Own Elaboration, 2022 
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Conclusions 

 

Through the acquisition of images and their 

processing, vision systems enable the 

recognition of features that are of interest for the 

execution of specific tasks, commonly the 

identification and classification of parts. Such 

functions are especially enhanced when they are 

performed on parts that prescribe a continuous 

movement, as analyzed by this work. However, 

the dynamism provided to the detection process 

implies a timely solution to inconveniences that 

may arise, such as: the appearance of noise, the 

generation of shadows or the formation of 

clusters of pixels in areas outside the object of 

interest. 

 

Thus, the mitigation of the negative 

effects caused by the movement of the studied 

parts must be sought from the preprocessing 

phases in order to avoid, as far as possible, the 

substantial loss of relevant features and, 

therefore, the inadequate interpretation of the 

information obtained from the operation itself.  

 

Although, beforehand, it is essential to 

have adequate lighting to reduce the occurrence 

of alterations in the capture of a part, which 

affect negatively its subsequent treatment. 

Therefore, an effective conduction between the 

capture of an image and its processing, leads to 

guaranteeing the full identification of the 

attributes of interest; as observed in the 

developed process. 

 

It should be noted that, within the 

preprocessing, the segmentation operation 

serves as the basis for the suitable estimation of 

the pixel region associated with each analyzed 

part. In this case, the identification and 

application of the values of the color 

components in the effective distinction of each 

class, with respect to another also scrutinized, 

even in its presence, was a great success; as seen 

in the reported results.  

 

Even so, the contribution of the blurring 

and dilation operations, also performed, is not 

underestimated, since they strengthened the 

subsequent recognition function, by improving 

the description of the established regions where 

the segmentation function was limited, such as 

gaps and irregularity on the edges. 

 

 

In this way, and given the operating 

results obtained from the test of the implemented 

vision system, the competitiveness achieved by 

it is validated, even in the case of a prototype. 

Also noteworthy is the quality of the task 

performed, through the use of low-cost, easy 

acquisition and simple handling devices; as well 

as the development of the required 

programming, based on open-source software 

and libraries, which were executed from a 

personal computer. It should be noted that the 

functionality achieved can be comparable to that 

provided by dedicated systems, which are 

commonly expensive and require a large amount 

of processing resources. 
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Abstract 

 

This article shows the mathematical development to 

determine the length and cycle time of a furnace that is 

used for heating parts in the hot forming process. The input 

parameters, the required production capacity and the 

temperature to reach the austenite phase in the material 

were used. For the mathematical process, it was necessary 

to know the stages for the process, considering that there 

are two methods: the direct and indirect process. 

Subsequently, the number of annual pieces that should be 

produced per year was determined, thereby being able to 

conclude the cycle time that should be estimated for the 

furnace; Likewise, some thermal parameters that the oven 

must have were known, such as the internal temperature, 

which helped to know its length, in order to meet the 

demands of the production volume. This work aims to 

present alternatives to the industries dedicated to the 

stamping process, specifically hot forming stamping, 

based on the analysis of the selection of the heating 

equipment, based on the production needs. 

 

 

 

 

Stamping, Development, Mathematical 

 

Resumen 

 

El presente artículo muestra el desarrollo matemático 

llevado a cabo para determinar la longitud y el tiempo 

ciclo de un horno que es usado para el calentamiento de 

piezas que son sometidas a un proceso de estampado en 

caliente. Como parámetros de entrada se usó la capacidad 

de producción requerida y la temperatura para alcanzar la 

fase de austenita en el material. Para llevar a cabo el 

desarrollo matemático, fue necesario conocer las etapas 

del proceso, considerando que existen dos métodos para 

realizarlo, como son: el proceso directo e indirecto.  

Posteriormente se determinó la cantidad de piezas anuales 

que se deberían de producir por año, con ello poder 

concluir el tiempo ciclo que se debe estimar para el horno; 

también se conocieron algunos parámetros térmicos que 

debe poseer el horno, como son la temperatura interna, la 

cual ayudó a conocer la longitud del mismo, con la 

finalidad de que cumpla con las exigencias del volumen de 

producción. Con este trabajo se pretende ampliar el 

panorama a las industrias dedicadas al proceso de 

estampado, específicamente del estampado en caliente, lo 

anterior basado en el análisis de la selección del equipo de 

calentamiento, a partir de las necesidades de producción. 

 

Estampado, Desarrollo, Matemático 
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1. Introduction 

 

Technological progress within the production 

sector has led industries to have equipment with 

greater capacities to carry out the tasks entrusted 

to them. 

 

Within the automotive sector is the 

forming of parts, in which there are a series of 

equipment with which they work, among which 

are the heating furnaces. 

 

Raising the temperature of the part to be 

worked on is of vital importance, as it depends 

on it to have the right microstructures, and 

consequently, to be able to have the mechanical 

properties that are sought in the part.  

 

The main objective of the hot stamping 

process is to develop parts with high impact 

resistance (up to 1600MPa), but with very thin 

part thicknesses (up to 2mm). 

 

In this work, an analysis of the furnace 

capacity will be carried out, which must meet the 

production volume requirements set by the 

production sector. 

 

The work is considered to be carried out 

through a sequence of steps, which will lead to 

fulfil the objective.   

 

The article initially proposes a 

methodology based on the particular needs of the 

project. Subsequently, in the development, the 

stages of hot stamping by the direct method and 

the indirect method are described. Within this 

same section, the chemical composition is 

shown, as well as some of the thermal properties 

of the material to be heated. The behaviour of the 

emissivity property of the material with respect 

to temperature is also reviewed in order to 

determine an adequate heating time, considering 

equations that involve the production volume; 

likewise, as a viable alternative to determine the 

heating time, the heating speed of the part will 

be known.  

 

In the results section, the cycle time of 

the furnace can be observed, as well as the length 

of this (furnace), which is the end point of the 

project.  Finally, there will be a conclusion of the 

work, where it will be reviewed if the objective 

was fulfilled, and consequently, the 

improvements that can be carried out will be 

commented. 

 

Methodology to be developed 

 

The success or failure of a project is based on the 

adequate design of a methodology to be 

followed, which must be adjusted to the 

characteristics and needs of the project, in order 

to achieve the proposed goal.  The methodology 

carried out in this project is shown in Figure 1, 

in which it can be seen that the objective of the 

project was considered as important points, as 

well as the estimated production volumes over 

the course of a year. 

 

 
 
Figure 1 Methodology 

Source: Own Elaboration 

 

Development 

 

Consideration of the analysis of the study 

 

Before starting the analysis and development of 

the process, it is important to comment that the 

study carried out in this work only contemplates 

the phenomenon of heat transfer by radiation.  In 

studies carried out on this type of furnace, the 3 

types of heat transfer mechanisms were 

considered: conduction, convection and 

radiation, at different temperatures between the 

furnace and the workpiece, with radiation as the 

dominant heat transfer mechanism (Dvorak, 

Tawk and Vít, 2016).  

 

 

 

Identification of the need 

Approach to the objective 

Analysis of the methods for 

developing the hot stamping 

process 

Estimate the production volumes of parts 

developed by the hot stamping process. 

Consideration of the internal 

thermal parameters of the 

furnace 

Cycle time analysis of the heating 

operation 

Determination of furnace length 
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Methods for carrying out the hot stamping 

process 

 

To further understand the importance of the 

furnace as a necessary element in the part 

forming process, it is necessary to understand the 

hot stamping methodology. 

 

The stamping process involves a 

sequence of steps in which small parts, known as 

sheets, are formed.  This process uses dies, 

presses, among others, as common elements. 

 

Unlike conventional stamping, the hot 

stamping process uses heat as a support to obtain 

the mechanical properties required by the 

elements that are subjected to high impacts, high 

stresses, among others. 

 

The hot stamping process can be carried 

out in two different ways: 

 

Direct method  

 

In the direct method of the Hot Forming 

Stamping (HFS) process (Figure 2), the sheet is 

brought to a temperature between 900°C and 

950°C to obtain an austenite microstructure, then 

transferred to the die where the form is made, 

followed by cooling through a heat transfer unit.  

At temperatures above 700°C, the material can 

be handled excellently, so that it can take the 

shape that the die has. The stamping is carried 

out on the foil and cooled under pressure for a 

certain time, according to the thickness of the 

foil.  During this period the stamped part is 

cooled at speeds ranging from 50 to 100 °C/s by 

circulating water, thus obtaining the ideal 

microstructure.  

 

Finally, the stamped part leaves the hot 

stamping line at around 150 °C and with it 

excellent mechanical properties: tensile strength 

of 1,400 to 1,600 MPa (around 200 to 230 KSI), 

as well as a yield strength between 1,000 and 

1,200 MPa (around 145 to 175 KSI). 

 

 

 

 
Figure 2 Direct method of the HFS process 

Source: Own Elaboration 

 

Indirect method  

 

Unlike the direct process, the indirect hot 

stamping process has an additional operation 

called preforming (no heat is added in this 

operation), in which 90% to 95% of the final 

shape is formed.  The preformed part is then 

heated to austenitising temperature 

(approximately 950 °C) in a continuous furnace, 

and the final shape is then made, in addition to 

cooling inside the press (Figure 3). 

 

Having known the hot stamping process 

by the direct and indirect methods, we proceeded 

to know the type of steel that can be worked by 

this process, knowing that the sheet material 

must be a boron steel to work hot and thus be 

able to obtain the necessary properties. 

 

The materials commonly used for the hot 

stamping process are boron steels, since, due to 

their mechanical properties, after hot stamping, 

they are positioned within the range of steels 

developed to meet the demands required by 

vehicle assemblers. 

 

Foil cutting 

(die-cutting) 
Sheet heating 

(Roller kiln) 

Stamping and 

cooling (Press 

with cooling) 

Cutting of 

excess 

material 

(Laser) 
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Figure 3 Indirect method of the HFS process 

Source: Own Elaboration 

 

Table 1 shows the chemical composition 

of boron steels (Ganapathy et al., 2019), which 

are used for the hot stamping process, 

specifically refers to 22MnB5 steel. 

 
Component % of composition 

C 0.20 

Mn 1.17 

Si 0.25 

Cr 0.20 

S 0.002 

B 0.0029 

Ti 0.028 

Nb 0.001 

Ni 0.023 

 
Table 1 Chemical composition of boron steel 

Source: Own Elaboration 

 

The analysis of the heating time depends 

on the thermal properties of the material, among 

which are: density, heat capacity, thermal 

conductivity (Shapiro, 2009), which are shown 

in Table 2: 

 

 

Thermal property Quantity 

𝜌,density (𝑘𝑔 𝑚3⁄ ) 7830 

𝐶𝑝,heat capacity (𝐽 𝑘𝑔 ∗ 𝐾)⁄  650 

𝑘,thermal conductivity (𝑊 𝑚 ∗ 𝐾)⁄  32 

λ,latent heat , (𝑘𝐽 𝑘𝑔)⁄  58.5 

 
Table 2 Thermal properties of boron steel 

Source: Own Elaboration 

 

During the hot forging process, the 

material undergoes microstructural changes, 

which are described below: 

 

At the beginning of the process, the 

material has a ferritic-perlitic microstructure 

with a tensile strength of 600 MPa. It enters the 

furnace to be heated to a temperature between 

900 °C and 950 °C, as a result of which the 

microstructure changes to austenite. It is then 

transferred to the press, where it reaches a 

temperature between 650 °C and 850 °C, the part 

is shaped and quenched in order to obtain a 

martensitic microstructure and a strength of 

1600 MPa.   

 

Figure 4 shows the microstructural 

changes during the hot stamping process, from 

the time it enters the furnace until it leaves the 

stamping station. 

 

 
 
Figure 4 Microstructural changes within the HFS process 

Source: Own Elaboration 

 

3.4 Heating-up time of the workpiece 

 

The heating time plays an important role in the 

selection of the furnace, as the size required for 

the furnace depends to a large extent on this, as 

well as the production volume. Also, within the 

equations, the volume of the part being worked 

on is considered, so it is necessary to know its 

geometric dimensions. 

 

Foil cutting 

(die-

cutting) 

Preform 

(die) 

Sheet heating (Roller kiln) 

Stamping and 

Cooling (Press 

with cooling) 

Cutting 

of excess 

material 

(Laser) 

Finished 

part 

900 - 

950 °C, 

approx. 

25°C, 

appro

x. 

T
em

p
er

at
u
re

 

Microstructural transformation 

Ferrite - Perlite 

Austenite 

Martensita 



  15 

 Article                                                                                       Journal of Systematic Innovation
                                                                                                                      June 2022 Vol.6 No.18 11-18 

 

 
ISSN 2523-6784                                          

ECORFAN® All rights reserved 

HUERTA-GÁMEZ, Héctor, CERRITO-TOVAR, Iván de Jesús, PÉREZ-

PÉREZ, Arnulfo and TORRES-MENDOZA, Raymundo Esteban. 
Mathematical analysis for the selection of the heating equipment of the hot 

forming stamping. Journal of Systematic Innovation. 2022 

The part that will be taken as a parameter 

is the lateral reinforcement of the vehicle, for 

which the sheet will be considered to be 1.4m 

long by 0.6m wide, as well as a thickness of 

1.5mm (Figure 5): 

 

 
 
Figure 5 Dimensions of the working sheet 

Source: Own Elaboration 

 

For the determination of this time, some 

thermal parameters were considered, among 

which are: temperature inside the furnace, the 

temperature of the film and the emissivity 

(Dvorak, Tawk and Vít, 2016); the above data 

can be seen in Table 3. 

 
Temperature inside the 

oven 

°C 930 930 930 

Film temperature °C 25 600 900 

Emissivity (1) 0.38 0.11 0.54 

Convection heat transfer 

coefficient 

(W m-2 

K-1) 
9.50 5.60 4.10 

Radiation heat flux (W m-2) 44.96 9.44 6.16 

Convection heat flux (W m-2) 8.6 1.85 0.12 

  
Table 3 Chemical composition of boron steel 

Source: Own Elaboration 

 

As can be seen in Table 2, emissivity is a 

function of temperature, and therefore of time. It 

can also be seen that the heat flow by radiation 

is the parameter that has the greatest effect on the 

part to be heated, so the geometry that describes 

the behaviour of emissivity with respect to 

temperature was determined (Figure 6). 

 

The geometrical locus shown in Figure 6 

can be described in mathematical terms by 

Equation 1: 

 

𝜀 = 2.175𝑥10−6𝑇2 − 1.83𝑥10−3𝑇 +
0.424  

  (1) 

 

Where: 

 

ε = Emissivity 

T = Temperature in °C 

 
 
Figure 6 Behaviour of emissivity vs temperature 

Source: Own Elaboration 

 

Equation 4 provided an approximation of 

the emissivities at different temperatures, with 

which it is possible to determine the total time 

the workpiece would spend in the furnace.  Table 

4 shows the emissivities inside the furnace at 

various temperatures: 

 
Temperature (°C) Emissivity 

25 0.37961 

100 0.26275 

200 0.145 

300 0.07075 

400 0.04 

500 0.05275 

600 0.109 

700 0.20875 

800 0.352 

900 0.53875 

 
Table 4 Emissivities at various temperatures 

Source: Own Elaboration 

 

Equation 2 (Incropera & Dewitt, 1999) 

was used to determine the heating time as a 

function of emissivity and temperatures: 

 

ρVc
dT

dt
= −σεA(T4 − T∞

4 ) (2) 

 

Solving the differential equation between 

the limits (T=T_i @t=0) and (T=T @ t), we 

obtain Equation 3 (Incropera & Dewitt, 1999): 

 

t =
ρVc

4AσεT𝑎𝑙𝑟
3 [ln |

T𝑎𝑙𝑟+T

T𝑎𝑙𝑟−T
| − ln |

T𝑎𝑙𝑟+T𝑖

T𝑎𝑙𝑟−T𝑖
| +

2 (tan−1 𝑇

T𝑎𝑙𝑟
− tan−1 Ti

T𝑎𝑙𝑟
)]  

(3) 
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Where: 

 

V is the volume of the part to be heated. 

A is the contact surface of the radiation 

phenomenon. 

σ is the Stefan-Boltzman constant 
(5.67𝑥10−8  𝑊 𝑚2 ∗⁄ 𝐾2  
T𝑎𝑙𝑟is the temperature inside the furnace. 

T𝑖 is the initial temperature of the workpiece to 

be heated. 

T is the final temperature of the workpiece to be 

heated. 

 

Equation 3 applies when the relationship 

given by equation 4 (Incropera & Dewitt, 1999) 

is fulfilled: 

 

𝐵𝑖 =
ℎ𝐿𝑐

𝑘
< 0.1 (4) 

 

Where: 

 

𝐵𝑖 is the Biot number which is a dimensionless 

quantity. 

h is the convective heat transfer coefficient. 

𝐿𝑐is the critical length, in practical cases it is 

considered as the thickness. 

 

Equation 5 (Incropera & Dewitt, 1999) is 

used to obtain Lc: 

 

𝐿𝑐 ≡ 𝑉
𝐴⁄  (5) 

 

On the other hand, it has been reviewed 

in some references that the heating time can be 

determined from controlled speeds, i.e. a heating 

speed of around 7.5 °C/s has been considered 

until a temperature of 750 °C is reached, then the 

speed is decreased from 7.5 °C/s to 1°C/s, this 

last speed is managed until 900°C, afterwards 

the temperature of 900°C is maintained for a 

lapse of 1 minute (Dvorak, Tawk and Vít, 2016), 

the above study was developed for 1.5mm thick 

sheets. 

 

3.5 Production volume 

 

To determine the number of parts per day, 

Equation 6 is used: 

 

No. of pcs/day =
Pcs

𝑦𝑒𝑎𝑟⁄

days
year ⁄ (working days)

  (6) 

 

Equation 7 was used to determine the 

number of parts per hour: 

 

No. of pcs/hour =
Pcs

day⁄

hours
day⁄ (working days)

   (7) 

 

To determine the cycle time, Equation 8 

was considered: 

 

tcicle =
3600

No.of pcs/hour
   (8) 

 

Equation 9 describes the appropriate 

length for the furnace, which refers to the total 

distance the part will travel from entering at 

room temperature to leaving at austenitising 

temperature (Figure 7); this length is a function 

of the heating time, the cycle time and a term 

called "Llote", which is the length that a "group" 

of parts spans.  The "Llote" can cover 1 part, 2 

parts or more (Figure 8), as it will depend on the 

number of robots that are between the heating 

operation and the forming operation, as well as 

the cycle time that is handled in the latter. 

 

 
Figure 7 Furnace length 

Source: Own Elaboration 

 

 
Figure 8 Description of the term Llote 

Source: Own Elaboration 
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LOven =
theating

tcicle

(L𝑙𝑜𝑡𝑒)   (9) 

 

3. Results 

 

Two methods were used to determine the heating 

time: 

 

1. By taking into account the following 

properties of the material to be heated: 

 

ρ = 7830
Kg

m3⁄   

 

Cp = 650
J

Kg. K⁄   

 

V = 1.26x10−03m3 
 

A = 0.84m2 
 

σ = (5.67x10−08) 

 

Talr = 930°C 
 

Ti =25°C 

 

T =950°C 

 

as well as the emissivities at the different 

temperatures, a total heating time of: 

 

𝑡ℎ𝑒𝑎𝑡𝑖𝑛𝑔 = 345.66 s 

 

2. Considering the option in which the part 

is heated at 7°C/s until it reaches a 

temperature of 750°C, then heated at a 

rate of 1°C/s until it reaches 900°C, 

finally left at 900°C for one minute, we 

have a heating time: 

 

𝑡𝑒𝑎𝑡𝑖𝑛𝑔 = 313.57 s 

 

In order to determine the cycle time of 

the production line, the following considerations 

were made: 

 

For a total of 500,000 pcs/year.  

 

This production volume is considering 

that the part being analysed is a lateral 

reinforcement, which is found on both sides of 

the vehicle. 

 

Taking as a given that 240 days per year 

(working days) are worked, Equation 6 was 

used, so it was obtained that: 

 

No. of pcs/day = 2083 Pcs
day⁄  

 

To determine the number of parts per 

hour, Equation 7 was used, with the necessary 

data in addition to the consideration that in a 

working day 21 hours are worked (time at 100%) 

the following was obtained: 

 

No. of pcs/hour = 100 Pcs
hour⁄  

 

In order to determine the cycle time of 

the furnace, Equation 8 was considered, giving a 

cycle time equal to: 

 

𝑡𝑐𝑖𝑐𝑙𝑒 = 36 s
Pza⁄  

 

Finally, the furnace length was obtained 

from Equation 9. Based on the two heating times 

determined, the cycle time and the area of the 

parts, as well as Llote = 1.4 m, the corresponding 

results are shown in table 5: 

 
T Heating (s) L Oven (m) 

345.66 13.4 

313.57 12.2 

 
Table 5 Furnace length in relation to heating time 

Source: Own Elaboration 

 

3. Conclusions 

 

For practical purposes and quick and accurate 

results, the analysis can be considered only 

taking into account the controlled heating rate, 

since, due to the results obtained, the heating 

times are close.   

 

Taking as a reference what exists 

commercially, the furnace should have a length 

of 15m and a width of 2m, with these 

dimensions, as well as an internal temperature 

that can reach at least 930°C, also taking into 

account the thermal conditions mentioned within 

the development, the production volume will be 

guaranteed. On the other hand, in order to 

contribute to the research on the analysis of the 

heating time, as well as to compare the results 

obtained in this work, an analysis of heating 

times can be proposed from the study of the 

microstructural changes as a function of time 

and temperature, considering the effect of the 

alloy components of the material. 
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Abstract 

 

This article shows the finite element analysis for the 

simulation of dynamic loads to two prototype models of 

cardan shafts considering two types of material, alloy steel 

and 1045 steel, to determine the structural efficiency of 

work, by means of contour conditions extracted from two 

types of engines raised for a minilow vehicle. In order to 

perform the structural simulation of dynamic loads, it was 

essential to simulate motion analysis and determine that 

both models do not present some gap or energy 

irregularity. This consisted in obtaining the dynamic 

results (displacement and angular speed, torque and 

power), comparing them with those indicated by the 

manufacturer of each engine. The finite element analysis 

was then performed for the structural simulation of 

dynamic loads, identifying the element that generates the 

minimum Von Mises forces, the lowest unit displacement 

and the minimum safety factor. The aim of this work is to 

confirm whether the two models comply with the 

structural analysis of dynamic loads and, based on this, to 

select the one with the most favorable results to work on 

the transmission of a minilow car. 

 

 

 

Analysis, Dynamic, Structural, Simulation, Efficiency 

 

Resumen 

 

El presente artículo muestra el análisis de elemento finito 

para la simulación de cargas dinámicas a dos modelos 

prototipo de ejes cardán considerando dos tipos de 

material, acero aleado y acero 1045, para determinar la 

eficiencia estructural de trabajo, mediante condiciones de 

contorno extraídas de dos tipos de motores planteados para 

un vehículo minibaja. Para realizar la simulación 

estructural de cargas dinámicas, fue imprescindible 

simular análisis de movimiento y determinar que ambos 

modelos no presenten algún desfase o irregularidad 

energética, lo cual consistió en obtener los resultados 

dinámicos (desplazamiento y velocidad angular, torque y 

potencia), comparándolos con los indicados por el 

fabricante de cada motor. Posteriormente se realizó el 

análisis de elemento finito para la simulación estructural 

de cargas dinámicas, identificando el elemento que genere 

los mínimos esfuerzos de Von Mises, el menor 

desplazamiento unitario y el mínimo factor de seguridad. 

En este trabajo se tiene como objetivo corroborar si los dos 

modelos cumplen con el análisis estructural de cargas 

dinámicas y en base a ello seleccionar el que comprenda 

con los resultados más favorables para trabajar en la 

transmisión de un auto minibaja. 

  

Análisis, Dinámico, Estructural, Simulación, 

Eficiencia 
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Introduction 

 

BAJA SAE is an event for undergraduate 

engineering students, organised by the Society 

of Automotive Engineers. The event organised 

on behalf of the MiniBAJA competition serves 

as a platform for young engineering students to 

showcase their skills by designing, 

manufacturing and validating a single-seater off-

road vehicle and gain real-life experience while 

overcoming obstacles and challenges. 

(HUERTA-GAMEZ et al., 2020). 

 

The automotive drivetrain system is 

designed to handle the power generated by an 

internal combustion engine and deliver it 

directly to the rear wheels for rear-wheel drive 

vehicles. One of the most important mechanical 

elements that assists the transmission of power, 

torque and speed is the cardan shaft, which 

generally comprises a drive shaft, as well as 

crossheads and flanges that help to optimise the 

transfer of these mechanical forces, to name the 

most prominent ones (Ciornei et al., 2019). 

 

The cardan shaft is the main element to 

transmit the engine power, therefore, the study 

of two models of cardan shaft for a minibox 

vehicle will be carried out. This analysis will be 

developed based on a structural simulation of 

motion loads with materials added to the models, 

such as alloy steel and 1045 steel and with two 

different types of selected engines, which will 

provide results for interpretation in dynamic and 

finite element structural analysis plots. 

 

Motors used 

 

The cardan shafts will be subjected to the 

simulation study by means of two motors, 

simulating the work, power and angular velocity 

they provide, observing the behaviour of the 

proposed shaft models. 

 

The engines were selected under the 

criteria of the SAE regulation 2022 formula, 

which indicates that they must be four-stroke 

and less than or equal to 710 cc per cycle. The 

first engine selected is the Blue Core 4-stroke, 

forced air-cooled SOHC single-cylinder engine 

and the second is the CBF125 twister 4-stroke, 

SOHC 2-valve single-cylinder engine; the 

characteristics of both engines are shown in 

Table 1. 

 

 

 

Technical specifications 

Engine 

 

Blue Core CBF125 TWISTER 

2022 

4-stroke 4-stroke 

Single-cylinder Single-cylinder 

SOHC SOHC 

2-valve 2-valve 

Maximum 

Power 

11.9 Hp at 7500 

RPM 

8.5 Hp at 7000 rpm 

Maximum 

Torque 

12.8 N-m at 4500 

RPM 

10.1 N-m at 5000 

rpm 

Displacement 149 cc 124.7 cc 

Transmission 5-speed return type 4-speed return type 

Cooling 

System 

Forced air Forced air 

 
Table 1 Engine characteristics 

Source: Own Elaboration (Word) 

 

Material used 

 

The selection of the appropriate material is an 

important point to consider, as the results of the 

simulation will depend on it. Table 2 shows the 

materials used in the simulation, which are 

adjusted to the boundary conditions to which the 

cardan shaft will be subjected, such as power and 

torsion according to the analysis of the 

movement in the structural element. 

 
Material Alloy 

Steel 

AISI-1045 

steel 

Symbo

l 

Property Value Value Units 

Modulus of elasticity 210000 205000 N/mm2 

Poisson's ratio 0.28 0.29 N/D 

Shear modulus 79000 80000 N/mm2 

Bulk density 7700 7850 kg/m3 

Tensile limit 723.8256 625 N/mm2 

Elastic limit 620.422 530 N/mm2 

Coefficient of thermal 

expansion 

1.30E-05 1.15E-05 /K 

Thermal conductivity 50 49.8 W/(m·

K) 

Specific heat 460 486 J/(kg·K

) 

 
Table 2 Mechanical properties of steels 

 Source: Own Elaboration (Word) 

 

Two steel type materials were selected, 

alloy steel, due to its high carbon content and 

1045 steel, the latter contains a lower percentage 

of carbon, however, it is frequently used for gear 

systems, bolts, transmission shafts, among other 

uses of high structural grade. 

 

Figure 1 shows the parameters of the 

automotive cardan shaft. The basic length is 932 

mm, while the outer diameter is 80 mm, and the 

inner diameter is 60 mm. 
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Figure 1 Geometric properties of the automotive cardan 

shaft 

Source: Own Elaboration (Solidworks) 

 

Figure 2 shows the parameters of the 

cardan shaft for a motor trolley. The basic length 

is 770.23 mm, while the outer diameter is 85 

mm, and the inner diameter is 70 mm. 

 

 
 
Figure 2 Geometrical properties of the trolley motor drive 

shaft 

Source: Own Elaboration (Solidworks) 

 

Analysis 

 

After selecting the two engines, the Blue Core 

and the CBF125 Twister 2022, as well as the two 

types of drive shafts, the axles will be 

dynamically and structurally tested in order to be 

able to transmit power, speed and torque to the 

differential. The axles will be dynamically and 

structurally tested in order to be able to transmit 

power, speed and torque to the differential. 

Figure 3 shows the automotive driveshaft model. 

The cardan shaft model was designed to be as 

safe as possible and hence to use the most 

suitable shaft, with the best engine and the safest 

material. 

 

 
 

Figure 3 Automotive cardan shaft model 

Source: Own Elaboration (Solidworks) 

 

Dynamic simulation  

 

For the development of the dynamic simulation 

with the automotive cardan shaft (axis 1) and the 

motorbike cardan shaft (axis 2), the boundary 

conditions were established to simulate a greater 

precision analogous to what it would be in real 

life with the Blue Core engine. Angular 

displacements, angular velocity and angular 

acceleration were measured.  

 

The gravitational constant is set to 9.81 

m/s2, the motor torque of 12.8 N-m at the output 

flange, at a constant speed of 4500 RPM, due to 

hardware limitations, the simulation time was 

defined from 0 to 0.50 seconds (Shigley et al., 

2019).  

 

For the angular displacement, the two 

crossheads of the automotive cardan shaft were 

selected, as these are the elements that generate 

a greater displacement in the rotation as shown 

in the tracings; in Figure 4 it can be seen that the 

crossheads have a similar displacement, 

indicating that there is no considerable offset 

that could affect the movement of the shaft. 

 

 
 
Figure 4 Angular displacement trace  

Source: Own Elaboration (Solidworks) 

 

Table 3 shows the results of the Blue 

Core motor with the two axes, as well as the 

angular velocity, maximum and minimum 

torque and energy consumption, which are 

similar to the values provided by the 

manufacturer. 
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Blue Core Axis 1 Axis 2 

Angular velocity (grad/sec) 27000 27000 

Minimum torque (N-m) 12.798 12.8 

Maximum torque (N-m) 13.03 13.07 

Minimum power consumption (Watt) 6031 6031 

Maximum power consumption (Watt) 6140 6159 

 
Table 3 Dynamic results Blue Core engine 

Source: Own elaboration (Word) 

 

Table 4 shows the dynamic results of the 

CBF125 TWISTER 2022 engine, obtaining 

results similar to those of the manufacturer. 

 
CBF125 TWISTER 2022 Axis 1 Axis 2 

Angular speed (grad/sec) 30000 30000 

Minimum torque (N-m) 10.1 10.1 

Maximum torque (N-m) 10.12 10.12 

Minimum power consumption (Watts) 5293.5 5287 

Maximum power consumption (Watt) 5293.6 5301 

 
Table 4 CBF125 Twister 2022 engine dynamic results 

 Source: Own Elaboration (Word) 

 

Structural simulation 

 

The structural simulation by movement loads, 

demanded a high hardware performance, to 

optimise the study, a solution is to analyse a time 

range in the simulation, that is to say, to extend 

the function, this is done after obtaining the 

dynamic traces and identifying that the function 

is periodic. The selected time range is from 

0.030 to 0.040 seconds, having a very small 

variation, the time of 0.035 seconds was selected 

for the demonstration of the results (Le et al., 

2020). 

 

Figures 5, 6 and 7 show the results of the 

Von Mises stress, displacement and factor of 

safety for the Blue Core engine with the 

automotive cardan shaft and Alloy Steel 

material. 

 
 

Figure 5 Von Mises stress, Blue Core engine, alloy steel 

Source: Own Elaboration (Solidworks) 

 

As shown in Figure 5, using the Blue 

Core motor, the maximum stress is 49.69 MPa 

and the minimum is 0.9416 MPa for the alloy 

steel automotive cardan shaft. 

 

The maximum displacement is 7.34E-02 

mm and the minimum displacement is 1.59E-04 

mm, as can be seen in Figure 6. 

 

Figure 7 shows the factor of safety, with 

the minimum factor of safety being 12.49, which 

is developed at the ends of the cardan shaft. This 

is reasonable, as the ends are where the power is 

transmitted due to the flanges and the highest 

stress concentrations are generated due to the 

change of geometry in the model. 
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Figure 6 Displacement, Blue Core engine, alloy steel 

Source: Own Elaboration (Solidworks) 

 

 
 
Figure 7 Factor of safety, Blue Core engine, alloy steel 

Source: Own elaboration (solidworks) 

 

Structural simulation was also carried out 

using moving loads to the 1045 Steel automotive 

cardan shaft, with the Blue Core motor at 12 N-

m and 4500 RPM.  

 

Figure 8 shows the Von Mises stresses on 

the 1045 steel automotive cardan shaft, the 

minimum stress is 0.9635 MPa and the 

maximum is 50.60 MPa, giving very similar 

stresses as with the alloy steel. 

 

 

Figure 8 Von Mises stress, Blue Core engine, steel 1045 

Source: own elaboration (solidworks) 

 

The maximum displacement obtained in 

the 1045 steel is 7.66E-2 mm and the minimum 

is 1.65E-4 mm, giving larger displacements 

when compared to those obtained in the 

simulation with the alloy steel, as can be seen in 

Figure 9. 

 

          
 

Figure 9 Displacement, Blue Core engine, steel 1045 

Source: Own Elaboration (Solidworks) 

 

Figure 10 shows the safety factor with 

the Blue Core motor and the automotive cardan 

shaft made of 1045 material, obtaining a 

minimum safety factor of 10.48, which is 

developed at the ends of the shaft. 
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Figure 10 Safety factor, Blue Core engine, 1045 steel.  

Source: Own Elaboration (Solidworks) 

 

The same simulations were carried out 

for the cardan shaft of the trolley motor, using 

the Blue Core motor and the two types of steel, 

alloy and 1045; Table 5 shows the results of the 

structural simulations, such as: Von Mises stress, 

displacements and safety factor. 

 
Blue Core Engine Alloy steel 

shaft 2 

AISI-1045 steel 

shaft 2 

Von mises minimum 

(MPa) 
0.6687 0.6685 

Von mises maximum 

(MPa) 
223.20 226.60 

Minimum 

displacement (mm) 
4.16E-05 4.72E-05 

Maximum 

displacement (mm) 
5.03E-01 5.24E-01 

Minimum Factor of 

Safety 
2.779E+00 2.339E+00 

Maximum factor of 

safety 
9.278E+02 7.928E+02 

 
Table 5 Blue core engine structural results 

 Source: Own Elaboration (Word) 

 

As can be seen in Table 5, the results for 

the drive shaft of the motor trolley with the Blue 

Core engine, the minimum Von Mises stress for 

the alloy steel is 0.6687 MPa, while the 

minimum for the 1045 steel is 0.6885 MPa, the 

maximum displacements for the alloy steel and 

1045 are 5.03E-01 and 5.24E-01 mm, 

respectively. The minimum factor of safety was 

obtained for 1045 steel as 2.339, and for alloy 

steel as 2.779. 

 

 

 

Once the simulations were carried out 

with the Blue Core engine, the same simulations 

were carried out, but now with the CBF125 

TWISTER 2022 engine, at 10.11 N-m at 5000 

RPM, using the two types of cardan shafts, with 

the two types of material, alloy steel and 1045 

steel. The results of these simulations are 

presented in Table 6. 

 
CBF125 

TWISTER 

2022 

Alloy steel 

shaft 1 

AISI-1045 

steel shaft 

1 

Alloy steel 

shaft 2 

AISI-1045 

steel shaft 

2 

Von mises 
minimum 

(MPa) 

0.8593 0.8748 0.8494 0.8496 

Von mises 
maximum 

(MPa) 

61.39 62.46 275.60 279.80 

Minimum 

displacement 
(mm) 

1.12E-04 9.43E-05 5.08E-05 5.71E-05 

Maximum 

displacement 
(mm) 

8.81E-02 9.19E-02 6.21E-01 6.47E-01 

Minimum 

Factor of 

Safety 

1.011E+01 8.486E+00 2.251E+00 1.894E+00 

Maximum 

factor of 

safety 

7.220E+02 6.059E+02 7.304E+02 6.238E+02 

 
Table 6 Structural results CBF125 TWISTER 2022 

engine 

Source: Own Elaboration (Word) 

 

The minimum Von Mises stress is 0.8494 

MPa and is obtained with the trolley cardan shaft 

and the alloy steel. The maximum displacement 

was obtained with the motor trolley shaft and 

1045 steel which was 6.47E-01 mm, likewise, 

with this shaft the minimum safety factor of 1.89 

was obtained, these results are using the CBF125 

Twsiter 2022 engine. For the same data, the 

maximum total deformation, the maximum Von 

Mises stress and the minimum safety factor can 

be seen. 

 

In Figure 11, you can see the comparison 

of all the simulations for the Blue Core 

(simulation 1) and CBF125 Twister 2022 

(simulation 2) engines with the automotive 

cardan shaft and the motorbike trolley cardan 

shaft, as well as the different types of materials 

used, alloy steel and 1045 steel. The maximum 

Von Mises stress was obtained in the simulation 

of the CBF125 Twister 2022 engine, with the 

automotive cardan shaft and AISI 1045 steel, 

being 279.80 MPa. With the alloy steel material, 

it gave a stress of 275.60 MPa, slightly less than 

the previous one. While the lowest Von Mises 

stress was for the Blue Core engine simulation, 

with the automotive shaft and alloy steel, 

resulting in 49.69 MPa. The above is shown in 

Figure 11. 
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Figure 11 Von Mises stress (MPa) 

Source: Own Elaboration (Excel) 

 

Figure 12 shows the maximum 

displacements with the two types of motors used, 

the maximum deformation was 0.647 mm, with 

the CFB125 Twister 2022 motor, the AISI 1045 

steel and the cardan shaft of the motor car. For 

the simulation of the Blue Core engine, alloy 

steel and the automotive cardan shaft, a 

minimum deformation of 7.34E-02 mm was 

obtained. 
 

 
 

Figure 12 Dynamic displacements (mm) 

Source: Own Elaboration (Excel) 

 

 

 

 

 

The minimum safety factor was 1.894 

with the CBF125 Twister 2022 engine in the 

automotive cardan shaft with AISI 1045 steel 

material.  The simulation with the Blue Core 

engine and the automotive cardan shaft with 

alloy steel achieved a minimum safety factor of 

1.249E+01. Both safety factors are acceptable as 

they are within the established range. However, 

the latter has a higher structural safety criterion 

for the boundary conditions at which both shafts 

were simulated, as can be seen in Figure 13. 
 

 
 

Figure 13 Safety factor 

Source: Own Elaboration (Excel) 

 

Conclusions 

 

Based on the results obtained and having 

analysed each of the graphs above, by means of 

the structural simulation of dynamic loads, the 

structural element that stands out with the 

minimum Von Mises stress, the minimum 

deformation and the minimum safety factor, the 

automotive cardan shaft model with the alloy 

steel material and the simulated boundary 

conditions described in the specifications of the 

Blue Core engine (simulation 1), can be 

distinguished.  
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Abstract 

 

Actually, the use of optical fiber has been extended 

to several applications, not only its use for 

telecommunications; nowadays, optical fiber is used 

for sensor construction and instrumentation. For that 

reason, modifications and deformations in optical 

fiber sections are required and in order to observe 

how light transition is performed through to the fiber. 

The construction of this platform has the main 

objective to accomplish stretching test with different 

tensions on the fiber, different exposition terms to the 

electric arc and finally the gap between electrical 

electrodes to modify the affectations on the fiber, that 

are applied on the fiber. The different parts this 

system is conformed with, are presented in this work 

and the main features of each stage.   

 

 

Instrumentation, Optical fiber stretching, 

tensions, Tensions, deformations    

Resumen 

 

En la actualidad, el uno de fibra óptica se ha 

extendido a diversas aplicaciones ya no solo en el 

campo de las telecomunicaciones, ahora se emplea en 

la construcción de sensores e instrumentación, para 

lo cual se requiere hacer modificaciones o 

deformaciones en secciones de la fibra óptica y 

observar como se ve alterada la transmisión de luz 

dentro de la fibra. La construcción de esta plataforma 

tiene como objetivo realizar pruebas de 

estrechamiento con diferentes tensiones sobre la 

fibra, diferentes periodos de tiempo de exposición al 

arco eléctrico y finalmente la separación entre 

electrodos para modificar las afectaciones que se 

pueden infringir sobre la fibra. El trabajo describe las 

diferentes partes que conforman el sistema y las 

principales características de cada etapa.  

 

Instrumentación, Estrechamiento de Fibra 

óptica, Tensiones, Deformaciones  
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Introduction  

 

Devices of stretching optical fiber filament have 

been used as sensors, using the optical property 

of the evanescent field during signal transitions. 

Therefore, the optical fiber interaction with 

several material such as alcohol, silicon oxide 

and even construction material, is improved and 

amplified by this property. In some cases alcohol 

for example, in medical areas for instance optical 

fiber is used to sense human body fluids; silicon 

oxide used to improve the effects of Raman 

spreading, also in force and temperature 

measurements; with construction material, the 

concrete deformation cab be measured by 

deformation of the optical fiber filament as well. 

This research has as mail purpose to design, 

build and test a stretching machine for micro-

optical glass fibers employing an electric arc, 

with the idea of softening glass optical fibers and 

applying different tensions on the fiber 

filaments. 

  

At the biggening of the XXI century, 

many investigations on stretched glass optical 

fiber (SGOF) took place, using the property of 

evanescent field for optical signals SGOF. 

During the last eight years, the same effect has 

been observed on micro and nano fibers, in this 

case µSGOF and nSGOF, which have shown 

better results, obtaining low lost by attenuation 

and using the no-lineal effects of the evanescent 

field. The sensors based on µSGOF have also 

shown better results on alcohols, they are 

manufactured by butane gas flame as mention by 

Shan 2013. µSGOF are also an option for remote 

detection such as humidity, refractive index 

detection, steam detection, biomedicines, 

chemical analysis, environmental engineering 

and car industry, Razak 2017. Since The µSGOF 

have proved to have optical power leak guided, 

they are used in sensors for surface plasmon 

resonance on glass optical fibers, as described in 

Jafari 2017. For some sensors, a thin metal film 

is applied and to polish the narrow part of the 

cone of the optical fiber, it needs to be 

submerged in hydrofluoric acid, which can lead 

to 40 µm diameters, as explained by Yu 2014. 

Many other applications are presented by the 

author Lim 2012 and Lee 2019, for example: no-

linear optical effects amplified, including 

Brillouin dispersion, Raman amplification and 

the generation of super continuous. Also, as 

mentioned by Garcia-Fernandez 2011, it is the 

µSGOF interferometer with its construction and 

tests.  

 

Then, µSGOF are used to achieve a 

diabatic transmission of approximately 99% for 

the fundamental mode, presented by 

Lützler2012 and Ward 2014. Researches for a 

µSGOF knob resonator and Mach-Zehnder 

interferometer to measure temperatures and 

refractive indices by Gomes 2017. Finally, 

different laser sources are employed for to 

stretch optical fibers, as mentioned by Sumetsky 

2010 and Gai 2012.  

 

Therefore this prototipe, as the proposed 

one by Figueroa 2022, can prompt to start 

medical applicacion. In addition to what Garcia 

2022 where a surface detector usind ultraviolet 

light for a robot, optical fiber light may result in 

an alterantive such a Time-of-Flight sensor, 

which are designed to sense the time light takes 

to go and come. Similarly to the pruposed system 

control, Sanchez 2022, used a fast development 

board what ends to be good and cheap 

alternative. 

 

Stretching platform   

 

In particular, this proposed work has the target 

of developing a system, that allows infringing 

deformations on the glass optical fiber by 

tension or/and different exposures to electric 

arcs. On one hand, the fiber can suffer several 

levels of tension, which is produced by a fixed 

clamp and a mobile one, the mobile clamp is 

located on a platform that is motor-shaft 

connected with a ball screw to displace and 

produce tension. On the other hand, the electric 

arc, it is produced in different triggering pulses, 

it can be a time on and a time off or several times 

on and off in a specific term, as it can be 

observed in figure 1.    

 

 
 

Figure 1 Basic concept of the platform  
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Here the system has to sense the tension 

applied on the optical fiber, which is achieved by 

a strain gauge installed under the fixed clamp 

and its measurement is converted in newtons per 

meter, once the cell is characterized and 

linearized using measurement patterns 

previously. For electric arcs, there are two 

functions that can be modified independently, 

the gap between both electrodes and the 

triggering pulses. 

 

Electric arc  
 

Indeed Electric arc is generated by the flybacks 

converters series-connected; both consume 

energy from the same power source. Using a 

optocoupler circuit to isolate from the timer 

board and avoid damage to it. The circuit to 

generate the pulsing voltage for flyback 

converters is presented in figure 2a and both 

converters’ series-connected in figure 2b, 

respectively.  

 

 
 

Figure 2 Schematic diagram, a) circuit to drive each fly-

back converter, b) Tow converts series-connected  

 

Then the driver circuit is supplied by 30 

dc Volts, then the driver commutates at a 

frequency of 10 kHz, its output generates a 140 

dc Volts (pulsating), after that this output is the 

input for each fly-back converter parallel-

connected to the driver circuit; finally, the 

converters have an output of 10 kVdc, which 

generates a 20 kVdc approximately, so with this 

amount of voltage an electric arc is created, their 

terminals can be close to each other from 3 mm 

to 10 mm.  

Movement of electrodes 

 

Eventually, The mechanism for separating the 

electrodes can be observed and the rest of the 

system are in figure 3. They are placed on two 

stepper-motor mechanisms. Both motors are 

driven by a L293 driver circuit, that is connected 

and controlled by the main board (ATmega 

2560). 

 

 
 
Figure 3 General block Diagram with the system stages  

 

Tension measurement   

 

Secondly, the stepper motor, seen in figure 1, is 

connected to a stepper motor Tb6560 driver as 

observed in figure 2. As previously mention, the 

tension is measured by a strain gauge connected 

to the ATmega board as well. Its values are sent 

to the microcontroller on the development board 

and control the tension is then applied. This 

connection is presented in figure 4. 

 

 
 

Figure 4 Strain gauge connection 

 

Importantly, the strain gauge must be 

connected by means of a circuit to condition and 

amplify the electrical signal, so the 

microcontroles ADC can read that signal.   
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System interface  

 

Summarizing, there is a human-machine 

interface HMI or display, where several 

parameters have to be settled, for example: 

electrode gap, time and pulses for the electric 

arc. The HMI is presented in figure 5. It is 

communicated with the ATmega board by USB, 

so the complete system is controlled by the 

computer. Certanly, this is one of the system 

advantages, it can be connected to almost any 

Windows-compatible computer, due to the 

platform modularity, the system can eventually 

be updated to sense other variables or add more 

stages to the equipment. Since the system is open 

access user can modify it as much as necessary. 

It is necessaty to mention that the HMI was 

designed in Microsoft Visual Studio 

  

 
 

Figure 5 HMI on the computer 

 

Equipment operation   

 

Afterword, when the fiber is placed in position 

and system is connected (USB-port), application 

must be initialized. Then the port speed has to be 

settled. After that user has to set tension and time 

for pulses. Operation is described in figure 6. It 

is important to follow the sequence so the 

communication can be stablished.  

 

Finally, the optical fiber filamente has to 

be placed in position and secured to keep in its 

place during tests. Later, the electrodes should 

be alighned so the electric arc affects the surface 

of the filament. The arc is strong enough to burn 

so its important to start with a low level arc. 

Furthermore, time is a key aspect, it must be 

short terms or pulsing discharges.   

 
 

Figure 6 Stage of the stretching process  

 

Indeed a performance of the system cab 

be seen on figure 7, where the fiber is settled 

under tention and exposed to the electric arc, in 

order to get stretched and therefore affectation 

on its structure. Also in picture 8, a close up to 

the electric arc exposure took places. Where the 

optical fiber filament is under the effects of 

temperature.   

 

 
 

Figure 7 Stretching platform in operation   
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Figure 8 Close up to the electric arc  

 

Results  

 

Several tests took place on the system stretching, 

the GOF was espoused to a tension of 0.9 

newtons, and the GOF had an elongation of 0.5 

mm with pulsing intervals of 2 seconds on and 3 

seconds off for 15 seconds, the platform has 

proved its effectiveness, modularity and 

functioning. The GOF got stretched and 

parameters can be adjusted as needed by user. In 

figure 9, the complete platform can be observed.  

 

 
 

Figure 9 Complete stretching system   

 

Conclusions  

 

A robust system was built to produce electric 

arcs strong enough to heat up GOF at the point 

to stretch them. An electric circuit was 

developed with a software and a HMI to control 

periods for the electric arc and the tension 

applied to the optical fiber. The system is 

modular and open architecture to be able to 

incorporate more stages and add other 

parameters for more integrated tests.   With this 

prototype, it is expected to start new researches 

on medical, construction and environmental 

sensors. 
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