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Abstract 

This research focuses on a specialized technique that 

offers benefits in the company that contribute to the 

reduction of production costs and facilitates 

technological advancement, the research focuses on 

data capture in a standardized manner. In conducting 

the research opportunities were found in the 

production area currently presents stoppages for 

various failures and / or breakdowns, but did not have 

a metric of how long it took to resolve that failure and 

in what time it occurred between the occurrence of a 

failure and another, the metrics used in this research 

were; MTBF is the mean time when the equipment is 

working properly between failures becomes a very 

important performance indicator for the most critical 

assets and this metric does not provide for any 

scheduled maintenance; the next metric is MTTR 

mean time to repair represents the average time 

required to resolve failures and repair the asset since 

the total maintenance time of an equipment starts 

when the incident occurs and ends when the asset 

returns to its normal function. 

Repair Efficiency, Reliability, Production 

Resumen 

La presente investigación se enfoca en una técnica 

especializada que ofrece beneficios en la empresa 

que contribuyen a la reducción de costos de 

producción y facilita el avance tecnológico, la 

investigación se centra en la captura de datos de 

manera estandarizada. Al realizar la investigación se 

encontraron oportunidades en el área de producción 

actualmente presenta paros por diversas fallas y/o 

averías, pero no se tenía una métrica de cuánto 

tiempo llevaba resolver esa falla y en qué tiempo 

ocurría entre que se presentaba una falla y otra, las 

métricas empleadas en esta investigación fueron; 

MTBF es el tiempo medio cuando el equipo funciona 

correctamente entre los fallos se convierte en un 

indicador de rendimiento muy importante para los 

activos más críticos y esta métrica no prevé ningún 

mantenimiento programado; la siguiente medida es 

MTTR tiempo medio de reparación representa el 

tiempo medio necesario para resolver fallos y reparar 

el activo ya que el tiempo total de mantenimiento de 

un equipo comienza cuando ocurre el incidente y 

termina cuando el activo vuelve a su función normal. 

Eficacia de reparación, Fiabilidad, Producción 

Citation: SERRANO-GONZÁLEZ, Sergio, MATURANO-MATURANO, Benito Armando and SANTILLAN-

VALDELAMAR, María Guadalupe. MTBF and MTTR implementation for the aluminum can manufacturing line. Journal of 

Technologies in Industrial Processes. 2023. 7-17: 1-9  

*Correspondence to Author (e-mail: sserrano@itsoeh.edu.mx)

† Researcher contributing as first author. 

© ECORFAN- Taiwan         www.ecorfan.org/taiwan 
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I. Introduction 

In the company Ball Beverague Can Americas 

there is an opportunity in the production area due 

to stoppages caused by mechanical or electrical 

failures that decrease operational efficiency, this 

research is conducted in order to reduce 

stoppages caused by failures in production 

equipment and increase production levels for 

this requires the measurement of important 

maintenance indicators in asset management 

because what can not be measured can not be 

controlled; the indicators used are: MTTR (mean 

time to repair) and MTTB (mean time between 

failures), this is achieved with the classification 

of assets by the parent-child method at level 6, 

standardization in asset nomenclature and 

registration of failures that occurred daily in the 

production area, once these data are obtained 

they are classified according to their criticality to 

focus on assets with criticality level A, and by 

means of Pareto diagrams detect the areas with 

greater opportunity, by means of Smart objective 

the improvement is estimated to increase MTBF 

and reduce MTTR, boards are placed for 

implementation of autonomous maintenance and 

each operator is able to maintain in basic 

conditions its equipment, clean, lubricated, 

adjusted and tightened. Once these actions are 

implemented, a month is given to manage and 

analyze the progress in reducing MTTR and 

increasing MTBF.  

II. Theoretical framework

They opine that industrial companies currently 

face according to Favela, Escobedo, Romero and 

Hernandez (2019), the challenge, to identify and 

implement new organizational and production 

techniques that allow them to compete in a 

global market. 

They explore how novel technologies 

Valtonen, Rautio and Lehtonen (2023), can 

change the overall design of systems and what 

factors influence the design of resilient systems, 

they argue that with the current speed 

autonomous maintenance cannot increase 

resilience at the depot level, so, at present, 

increasing spare parts inventory is a better way 

to improve resilience. They point out Lajevardi, 

Nikbakht, Boyer, Tavakkoli-Moghaddam and 

Arman (2023), that it is necessary to find 

solutions to increase manufacturing speed and 

consider the factors that affect reliability and the 

effect of preventive measures. 

 Of preventive maintenance programs for 

equipment based on the manufacturer's 

recommendations and instinctively if other 

methods are not adopted. 

For Silva and Oliveira (2020) availability 

measures how long the machinery is working, 

considering that stops directly affect availability, 

They conclude that the evaluations performed 

indicated a satisfactory performance with 

respect to maintenance scheduling due to high 

rates of equipment availability. 

Reliability-centered maintenance (RCM) 

according to Geisbush and Ariaratnam (2023) is 

a process used to determine the activities that 

must be performed to ensure that an asset 

continues to perform the function, the failure 

modes that could prevent the performance of the 

intended function of the asset, prioritizing the 

failure modes and determining effective 

preventive maintenance tasks that can be 

implemented in a cost-effective and efficient 

manner to reduce the probability of a failure. 

For Macías, León and Limón (2019) the 

objective of knowing the criticality in 

maintenance is to be able to plan a work program 

according to the needs of the company's assets. 

In this way, it seeks to focus the effort of the 

team to extend the useful life of the assets 

maximizing profitability. It is measured by 

means of a criticality analysis in industrial 

maintenance. 

A: High B: Medium C: Low 

To reach this result, the quantity and 

frequency of failures and the importance of the 

machine in question are defined.  

MTTR and MTBF are two important 

maintenance metrics in asset management, they 

are fundamental to maintain the efficiency of 

your operations. Alavian, Eun, Liu, Meerkov, 

and Zhang (2019). 

Castillo (2017) points out that Mean 

Time Between Failures (MTBF) is the mean 

time between failures of an asset, an important 

metric where asset unavailability rate must be 

managed. In other words, MTBF is the mean 

time when the equipment is working properly 

between failures. 
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MTBF becomes a very important 

performance indicator for the most critical assets 

and this metric does not provide for any 

scheduled maintenance such as inspections, 

recalibrations or preventive part replacements. 

 

MTBF =
𝑇𝑇𝑜𝑡𝑎𝑙 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑡𝑖𝑚𝑒 − 𝐷𝑜𝑤𝑛 𝑡𝑖𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑜𝑝𝑠
   (1)                  

 

MTTR 

 

Mean Time to Repair (MTTR) is the mean time 

to repair, one of the most used metrics by 

maintenance managers. It indicates that MTTR 

represents according to, Castillo (2017) the 

average time required to resolve faults and repair 

the asset that suffered a breakdown, returning it 

to normal operating conditions. The total 

maintenance time of an equipment starts when 

the incident occurs and ends when the asset 

returns to its normal function. 

 

This metric is a critical indicator of how 

quickly the organization can respond to and 

resolve an incident. 

 

MTTR =
𝑇𝑜𝑡𝑎𝑙 𝑀𝑎𝑖𝑛𝑡𝑒𝑛𝑎𝑛𝑐𝑒 𝑇𝑖𝑚𝑒

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐼𝑛𝑡𝑒𝑟𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑠
                              (2)               

 

III.  Methodology 

 

List of existing assets L3 production 

 

It was decided to classify the assets by 

production area which are: Front End, Washing 

Machine, Back End, Quality, Facilities and 

Transportation and in this way concentrate the 

assets of line 3 to identify them. Table 1 shows 

the assets used to hierarchize and classify assets 

by ABC method, we can see the 

machine/equipment that contains the 

information to be evaluated and giving us as a 

result its criticality. 
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24 oz. aluminum can 

Line 3 E S Q O  M  F  C   

Frond End                 

Body Maker 1 C  B  A  B B B B B 

Body Maker 2 C  B  B B B B B B 

Body Maker 3 C  B  B B B B B B 

Washing machine                 

Washing machine 2 

line 3 
C B  A  A B B B A 

Boiler B B  B B A C B C  

Back End                 

Pallet wrapping 

machine 
C B  A A B A B A 

Palletizer 3 line 3 C A A  B A B B A 

Strapping machine 

line 3 
C A C  B A B B A 

Quality                 

Camera C B  B B A B C C 

Versatile C B  B B C B C C 

Facilities                  

Carcamos  B B  C C C C C C 

Transportation                 

Transportation C C C B C C C C 

Coneyors C C C B C C C C 

         

 

Table 1 ABC Classification  

Source: Own Elaboration  

 

We can see that in line 3 we have the 

following machines as criticality (A): Washing 

machine, Wrapping machine, Strapping machine 

and Palletizer.  

 

Integrate mechanics data collection 

 

When reviewing the logs of the mechanics 

corresponding to the period January-April 2022, 

discrepancies and many areas of opportunity are 

observed. Table 2 and 3, list of mechanical and 

electrical conversions, shows an example of the 

equipment called frame placer, where for a 

standardized name, CDM301, the mechanics 

had 11 ways of registering it, and at the time of 

graphing it was marked as a different equipment, 

when they referred to it. 
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1.No. 2.Equipment 3.Generic

Description 

4.Factory

Area

21 Frame fitter 

Line 3 

Frame Setter Back End 

26 CM3 Frame Setter Back End 

27 CM3 Frame Setter Back End 

28 CM3 Frame Setter Back End 

33 CM3 Frame Setter Back End 

34 CM3 Frame Setter Back End 

37 CM3 Frame Setter Back End 

38 CM3 Frame Setter Back End 

39 CM3 Frame Setter Back End 

42 CM3 Frame Setter Back End 

Table 2 Mechanics data  

Source: Own Elaboration 

Integrate electrical data collection 

1.Number 2. Machine

Description 

3.Generic

Description 

6. Factory

Area 2

68 Frame Setter 

Line 3 

Frame Setter Back End 

71 CM3 Frame Setter Back End 

72 CM3 Frame Setter Back End 

77 CM3 Frame Setter Back End 

Table 3 Electrical data 

Source: Own Elaboration 

Identification by Pareto diagram of the 

mechanics area with higher MTBF and less 

MTTR  

It was identified that the areas with the shortest 

time between failures (see graph 1) are Back End 

and the item classified as Routine, which 

corresponds to the mechanics' own activities; 

lunch, dinner, check list of areas, logbook filling, 

etc., activities that are not relevant for this 

analysis. 

Graph 1 Pareto of mechanics by area 

Source: Own Elaboration 

The MTBF and MTTR were calculated 

for each machine of the mechanics (see Table 4). 

The strapping and palletizing machines show an 

average time between failures of 11 and 15 hours 

respectively, being the 2 machines that request 

more intervention from a mechanic. Formulas 

(1) and (2) were used. 

Equipment Activity days/ 

activity 

hours/ 

activity 

minutes/ 

activity 

Strapping machine 269 0.439 11 631.67 

Palletizers 194 0.608 15 875.88 

Frame fitter 63 1.873 45 2697.14 

Table 4 MTBF of mechanics per machine 

Source: Own Elaboration 

For the MTTR calculation, see Table 5. 

The strapping machine and palletizers are 

classified as criticality A equipment with 

MTTRs of 45,721 and 50,304 minutes, 

respectively. 

Equipment Time solution activities MTTR 

Strapping machine 12229 269 45.461 

Palletizers 9759 194 50.304 

Frame Setter 2940 63 46.667 

Table 5 MTTR of mechanics per machine 

Source: Own Elaboration 

Identification by Pareto diagram of the area area with 

the highest MTBF and the lowest MTTR 

The item classified as routine (see chart 2) are 

activities that are not relevant for this analysis. 

The areas of opportunity that reach 80% are 

shown in order to identify the machinery and see 

the opportunities in each one, in this case they 

would be Back End and Washing Machine. 

Graph 2 Analysis of failures that required electrical 

attention 

Source: Own Elaboration 

The calculation of MTBF and MTTR for 

each electrical area was performed using 

formulas (1) and (2). The areas that are identified 

with greater opportunity (see Table 6) are the 

Back End and washing machine, every 18.77 

hours they require the attention of an electrician. 

Equipment Activ

ity 

days/ 

activity 

hours/ 

activity 

minutes/ 

activity 

Wrapping 152 0.776 18.632 1117.895 

Washing 

machine 

105 1.124 26.971 1618.28 

Table 6 MTBF of electrical by area 

Source: Own Elaboration 
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Areas such as Back End and Washing 

Machine are shown, of which 63.125 and 365.66 

minutes are taken in each intervention. 

Equipment Solution 

time  (min) 

Activity MTTR 

Wrapping 9595 152 63.125 

Washing machine 38395 105 365.66 

Table 7 MTTR of electrical per machine 

Source: Own Elaboration 

Smart objective to increase the MTBF in 

mechanics on the strapping machine  

The conversion from hours to minutes is 

performed, resulting in a Smart objective (see 

Graph 3 and Table 8) to increase the MTBF by 

30.11% when a failure occurs every 898.64 

minutes and as of August 31, 2022 it will occur 

every 1,166.64 minutes. 

Graph 3 Mechanical Strapping Machine MTBF 

Source: Own Elaboration 

Objetivo Smart MTTR Flejadora 

Current status = 14.9444 

Best value = 19.444 

Gap = 4.5 

%Improvement over gap = 100% 

Target = 19.444 

%Overall improvement = 30.11% 

Table 8 Objective MTTR Strapping machine 

Source: Own Elaboration 

Smart objective to increase the MTBF in 

mechanics in the palletizing machine  

Hours are converted to minutes, resulting in a 

Smart objective to increase the MTBF (see 

Graph 4 and Table 9) by 23.99% when a failure 

occurs every 646.68 minutes and as of August 

31, 2022 it will occur every 801.84 minutes. 

Graph 4 Mechanics Palletizers MTBF 

Source: Own Elaboration 

Smart Target MTBF Palletizer 

Current status = 10.778 

Best value = 13.364 

Gap = 2.586 

%Improvement over gap = 100% 

Target = 13.364 

%Overall improvement = 23.99% 

Table 9 Target MTBF Palletizer 

Source: Own Elaboration 

Smart objective to increase the MTTR in 

mechanics in the strapping machine  

From the values obtained (see table 10), the 

Smart objective is defined as a 23.64% decrease 

(see graph 5) in the MTTR, going from 432,722 

min of repair per week to 304,875 min of repair 

per week as of August 31, 2022. 

Graph 5 Strapping Machine Mechanics MTTR 

Source: Own Elaboration 
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Target Smart MTTR Strapping Machine 

% de mejora 

Current status = 432.722 

Best value = 304.875 

Gap = 127.847 

%Improvement over gap = 80% 

Target = 304.875 

%Overall improvement = 23.64% 

Table 10 Target MTTR Strapping machine 

Source: Own Elaboration 

Smart objective to increase MTTR in 

mechanics in the palletizing machine   

With the values obtained in Table 11, the Smart 

objective is defined (see Graph 6) to decrease the 

MTTR by 19.11% and go from 372.5 minutes 

per repair in a week to 283.5 minutes per repair 

in a week as of August 31, 2022. 

Graph 6 Palletizer Mechanics MTTR 

Source: Own Elaboration 

Target Smart MTTR Palletizer 

Current status = 372.5 

Best value = 283.5 

Gap = 89 

%Improvement over gap = 80% 

Target = 301.3 

%Overall improvement = 19.11% 

Table 11 Target MTTR Palletizer 
Source: Own Elaboration 

Smart Objective to decrease the MTBF in 

Electrical in the palletizer machine   

As a result of increasing the MTBF (see graph 7) 

by 75.40% of a failure occurring every 370.56 

minutes and as of August 31, 2022 it will occur 

every 649.98 minutes. 

Graph 7 Electrical washing machine MTBF 

Source: Own Elaboration 

From the values obtained from Table 12 

(see Table 11), the conversion from hours to 

minutes is made, resulting in a Smart target. 

Target Smart MTBF Washing Machine 

Current status = 6.1765 

Best value = 10.8333 

Gap = 4.6569 

%Improvement over gap = 100% 

Target = 10.8333 

%Overall improvement = 75.40% 

Table 12 Washing machine MTBF target 

Source: Own Elaboration 

Smart Objective to decrease the MTBF in 

Electrical in the wrapping machine 

It is obtained by increasing the MTBF (see graph 

8) by 59.11% when a failure occurs every 409.44

minutes and as of August 31, 2022 it will occur 

every 651.42 minutes. 

Graph 8 Electrical wrapping Machine MTBF 

Source: Own Elaboration 

From the values obtained from Table 13 

(see Table 12), the conversion from hours to 

minutes is made, resulting in a Smart target. 
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Smart MTBF targets MTBF wrapping machine 

Current status = 6.8235 

Best value = 10.857 

Gap = 4.034 

%Improvement over gap = 100% 

Target = 10.857 

%Overall improvement = 59.11% 

Table 13 Target MTBF Wrapper 

Source: Own Elaboration 

Smart Objective to increase the MTTR in 

Electricals in the washing machine   

The MTTR is obtained (see graph 9), of 28.46% 

by going from 419,118 to 299,824 minutes of 

repair per week as of August 31, 2022. 

Graph 9 Electrical washing machine MTTR 

Source: Own Elaboration 

From the values obtained in Table 14, the 

Smart objective to reduce the MTTR is defined. 

Target Smart MTTR washing machine 

Current status = 419.118 

Best value = 270 

Gap = 149.118 

%Improvement over gap = 8000.00% 

Target = 299.824 

%Overall improvement = 2846.00% 

Table 14 Washing machine MTTR target 

Source: Own Elaboration 

Smart Objective to increase the MTTR in 

Electrical in the wrapping machine 

There is a 29.04% by going from 341,471 

minutes to 242,294 minutes of repair per week 

as of August 31, 2022. 

Graph 10 Electrical wrapper MTBF 

Source: Own Elaboration 

From the values obtained in Table 15, the 

Smart objective is to reduce the MTTR. 

MTBF wrapping machine 

Current status = 406.765 

Best value = 177.778 

Gap = 228.987 

%Improvement over gap = 80% 

Target = 223.575 

%Overall improvement = 45.04% 

Table 15 Target MTTR Wrapper 

Source: Own elaboration 

Smart objective to increase the global MTBF 

Figure 11 shows in blue the behavior of the 

number of attentions to the washer by the 

mechanics, in gray the Smart objective and in 

orange the current situation. 

Graph 11 Global MTBF 

Source: Own Elaboration 
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From the values obtained in Table 16, the 

conversion to minutes is made and Smart defines 

as a global objective to increase the MTBF of the 

4 machines by 27.30%, going from a failure 

occurring every 2280 minutes per week to every 

2902.5 minutes per week as of August 31, 2022. 

 
Objetivo SMART global MTBF 

Current status = 38 

Best value = 48.375 

Gap = 10.375 

%Improvement over gap = 100% 

Target = 48.375 

%Overall improvement = 27.30% 

 

Table 16 Overall MTBF Target 

Source: Own Elaboration 

 

Smart objective to increase the global MTTR 

 

Graph 12 shows in blue the behavior of the 

number of attentions to the washing machine by 

the mechanics, in gray the Smart objective and 

in orange the current situation. 
 

 
 
Graph 12 Global MTTR  

Source: Own Elaboration 

 

From the values obtained from Chart 17, 

define the calculation of the Smart global 

objective. Decrease the MTTR by 24.66% and 

go from 1809,667 minutes per repairs to 1251.9 

minutes per repairs as of August 31, 2022. 
 

Overall SMART objective MTTR 

Current status = 1809.667 

Best value = 1251.9 

Gap = 557.767 

%Improvement over gap = 80% 

Target = 1365.453 

%Overall improvement = 24.66% 

 

Table 17 Global MTTR Target 

Source: Own Elaboration 

 

 

Results 

 

Table 15 shows how the mean time between 

failures has increased, a conversion is made from 

hours to minutes where 1 hour is equal to 60 

minutes and gives us as the current situation on 

May 31, 2022 that there is a 4% difference of 

2370 minutes between the occurrence of a failure 

and its recurrence compared to the 2280 minutes 

that were recorded. Considering that the target is 

2902.5 minutes, equivalent to 27% compared to 

the 4% obtained, there is progress and 

everything indicates that this is the direction to 

follow. 

 

Table 16 shows how the overall average 

repair time has decreased by 30.83% from 

1809.667 to 1251.9 in one month. Having that 

the target is 1363,453 minutes equivalent to 

24.65% which exceeds the expected by 6.83%. 
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Conclusions 

 

The identification of the assets that make up the 

production area of line 3 in the company Ball 

Beverague Can Americas was the beginning of 

all this research, subsequently the Pareto 

analysis served to identify the machines that 

generate about 80% of the unproductive times 

due to failures and / or breakdowns.  

 

The analysis of the risk matrix allows to 

identify which failures have a high, medium or 

low risk, being the first two in which the possible 

activities to correct these failures should be 

focused, these activities should be directed to 

carry out actions of modifying type in the first 

place, if this is not possible; corrective, 

preventive or predictive actions. 
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For the implementation of autonomous 

maintenance many opportunities arose with the 

operators of each machine, since it was 

something totally new for them, according to the 

results obtained a significant progress has been 

seen. 
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Abstract 

In the present investigation, an optimization model based 

on mixed integer linear programming is established, which 

considers the analysis and careful selection of the vehicles 

to be used for the distribution of finished products, as well 

as the assignment of the route to follow from a distribution 

center or production plant to the different points or end 

customers. The main objective is to minimize the different 

costs related to the transfer, management and 

programming of the different trips to each of the clients 

that make up the distribution network. A basic-practical 

mathematical model is presented, in which the principles 

of the efficient allocation of each of the trips to each client 

based on the transport problem are established, as well as 

aspects of the problem addressed, such as a network of star 

distribution. In the same way, procedures are established 

for carrying out different activities within the product 

distribution area in order to contribute to the efficient 

management of the different logistical resources available 

to the organization. 

Logistics, Distribution, Transportation, Linear 

Resumen 

En la presente investigación se establece un modelo de 

optimización basado en programación lineal entera mixta, 

en el que se considera el análisis y selección cuidadosa de 

los vehículos a utilizar para la distribución de los 

productos terminados, así como también la asignación de 

la ruta a seguir desde un centro de distribución o planta de 

producción hacia los diferentes puntos o clientes finales. 

El objetivo primordial de minimizar los distintos costos 

relacionados con el traslado, manejo y programación de 

los distintos viajes a cada uno de los clientes que 

conforman la red de distribución. Se presenta un modelo 

matemático básico-practico, en el que se establecen los 

principios de la asignación eficiente de cada uno de los 

viajes a cada cliente fundamentados en el problema de 

transporte, así como también aspectos propios del 

problema abordado como lo es una red de distribución tipo 

estrella. De la misma forma se establecen procedimientos 

para la realización de distintas actividades dentro del área 

de distribución de productos con el fin de coadyuvar al 

manejo eficiente de los distintos recursos logísticos con los 

que dispone la organización.  

Logística, Distribución, Transporte, Lineal 
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Introduction 
 

Two of the most important activities in the 

growth or economic development of a company 

are the transportation of finished products and 

logistics, which in turn drive or potentiate the 

various investments in improvements in 

production processes, training in new 

technologies, and infrastructure, all of which are 

aimed at helping in the proper management of 

the logistics resources available in the 

organization. In a global context, the commercial 

opening plays a fundamental role in the search to 

increase competitiveness in any area of the 

company with the objective of reducing the costs 

related to internal or external logistics, as well as 

the time used for the transfer of products or 

merchandise in which the supply processes 

and/or deliveries of finished product are 

included through the use of the different modes 

of transportation within reach.  

 

The logistics sector in Mexico today has 

made significant progress in this area. These 

include satellite product tracking systems, 

multiple quality systems with efficient processes 

thanks to the application of technologies with 

bar code readers and radio frequency 

identification (RFID), which provide 

information in real time and facilitate efficient 

and constant communication between the 

various logistics operators, suppliers, managers 

and customers in order to improve trust between 

them.     

 

Mexico represents an extremely 

important growth market in logistics, with 

diverse objectives, each one of them clear and 

well defined. With the development of this area, 

it is currently possible to transport a great variety 

of products and/or materials ranging from water, 

food, medicine, to construction materials, either 

packaged or in bulk, etc. to complicated or 

remote places that were impossible to reach in 

the past, thus achieving the economic 

development of these regions by being part of an 

efficient supply chain (SCD). Even and thanks to 

these advances in transportation and logistics 

infrastructure, there are still many areas of 

opportunity or improvement. A very practical 

example where an area of opportunity for 

improvement can be observed is in the 

complexity of managing information systems 

when tracking cargo efficiently in real time, due 

to the use of various modes of transportation to 

get the product to the end customer.  

Another opportunity lies in the use of 

appropriate optimization techniques or tools 

that, although their application has been 

increasing, are still not sufficient or do not reach 

their required potential; likewise, there is 

obsolete supply, production, transportation 

and/or distribution equipment, which results in 

higher vehicle maintenance costs.  

 

In the emerging markets, Mexico 

represents a fundamental logistic platform 

through which various land infrastructures such 

as bridges and highways are developed, as well 

as areas such as first level airports and maritime 

ports, among others; however, there is still a lot 

to work on, develop and face challenges such as 

those shown in Table 1. 

 
Challenges to be considered in the logistics area 

 Global visibility from start to finish in the CDS. 

 Cooperation and synchronization between CDS 

 Climate change and renewable energies. 

 Efficient use of information technologies. 

 Development in the conditions and characteristics 

of land, air and maritime infrastructure. 

 Adjustment and respect for laws and regulations to 

achieve a more competitive, comprehensive and 

safe logistics. 

 Improve safety for the delivery of products to their 

destination in a timely manner. 

 Decrease transportation costs, considering the 

increase in freight rates as insecurity levels rise. 

 

Table 1 Challenges to be considered in the logistics area 

 

To strengthen the economic 

competitiveness of a region or country, it is 

necessary to promote a structural change that 

contributes to improving its logistics 

performance. Considering that there is a direct 

relationship between the decrease in logistics 

costs related to the transportation of products, 

goods or merchandise and the increase in their 

demand. 

 

One of the benefits of the increase in the 

logistics competitiveness index of a country can 

be observed in a greater functionality of the 

productive activities, this is due to the fact that, 

among other advantages, it provides a timely, 

efficient and lower cost communication 

platform. 
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The research presented here stems from 

the need to establish a structured and systematic 

way to perform the proper distribution of the 

finished product from the production plant to the 

final customer, where only direct trips between 

the plant or distribution center and the final 

customer are considered, this special feature is 

called a star type distribution network, see 

Figure 1. 

 

 
 

Figure 1 Star Type Network 

 

  The company does not have a method, 

tool or system that systematically facilitates the 

allocation of the different trips to be made to 

ensure compliance with the demand of each 

client, which results in delays in deliveries, thus 

increasing transfer and service times, producing 

a chain of problems derived from each other that 

result directly in increased distribution costs. 

The aim is to establish a distribution system that 

not only considers the internal distribution 

policies of the company, but also the good 

practices of the responsible use of the available 

logistic resources, using for this the design of a 

distribution network where the clients with 

special characteristics of the problem are located 

and with the main objective of decreasing the 

total transportation costs.    

 

Description of the Method 

 

Nowadays, the use of mathematical models 

applied to problems of daily life in any field has 

increased considerably, special problems such as 

transportation in linear programming has 

benefited the use of new and more efficient 

optimization techniques with the objective of 

reducing the use of the limited resources 

available. Among these transportation problems 

is the vehicle routing problem (VRP), in Elatar 

et al, (2023) describe a series of general 

considerations related to the VRP among which 

they mention that the problem is of the 

combinatorial type, NP-hard and that it was first 

mentioned in 1959 by Dantzing. 

 

  Whose main objective is to define the 

optimal routes of the vehicles that depart from a 

warehouse or plant and that supply each 

customer once and then return to the warehouse 

(i.e. to the starting point), Since its inception, 

research in the literature in this area has grown 

rapidly and caused the appearance of many 

variables of the VRP, among these is the Vehicle 

Routing Problem with Time Windows 

(VRPTW) whose distinguishing feature is that 

two limits are handled, a lower one called (l_i) 

and an upper one called (U_i) to identify the 

opening and closing time of the time window in 

which the customer must be served (l_i,U_i). On 

the other hand, it can be observed how it 

addresses the Vehicle Routing Problem with 

Loading/Unloading (VRPB) (Mula et al, 2010), 

this type of problems can be observed in 

distribution systems in companies such as 

Sabritas, Bimbo, Coca-Cola, Pepsi, etc., where 

there are pickup and delivery activities in the 

distribution system.  

 

Where there are collection and delivery 

activities that may or may not be simultaneous, 

in the same way we can find it in systems such 

as personnel transportation, school, garbage 

collection systems, home delivery or collection 

services such as courier or parcel services, cab 

services, food delivery services, each and every 

one of these problems can be addressed from a 

similar modeling perspective. To solve it, 

researchers have first tried exact methods, then 

heuristics and finally metaheuristics.        

 

When mentioning solution methods and 

considering exact mathematical modeling we 

find in Kechmane et al, (2015) a proposed 

solution to the transportation problem with the 

objective of minimizing costs where it also seeks 

to optimize the allocation of customers to 

distribution centers or a production plant 

considering a number of vehicles to be used 

decreasing the distances to be traveled and where 

the main complication lies in considering 

capacity constraints (non-homogeneous) in each 

vehicle and of the distribution centers, as well as 

meeting the demand of each point in the 

distribution network.  

 

At present there are different algorithms 

that can be used to solve the different variations 

of the VRP, these algorithms are usually 

separated into two main branches, which would 

be heuristic methods and exact methods 

according to Beaulieu et al, (2006).  
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Within the second group we can find 

branch and cut algorithms, branch and bound 

algorithms or in another case the set partitioning 

algorithm with column generation. 

 

Dechampai et al, (2015) uses branching 

and bounding algorithms to define lower bounds 

to the VRP solutions with different relaxations 

or elimination of constraints as appropriate, 

where the aim was to reduce the size of the 

problems, as well as to find solutions quickly and 

efficiently. In another work presented by Serdar 

et al, (2012), a branch-and-price algorithm 

applied to the VRPTW is used to reduce the cost 

related to the assignment of vehicles to the 

different distribution routes defined by the 

company.  

 

When talking about the approximation 

methods these can be divided into two sections: 

the first one in Heuristic methods and 

Metaheuristic methods. Okudea et al, (2014) in 

their work establishes a method to obtain the 

solution to the VRP with less computation time, 

this research was based on the use of a 

hierarchically ordered traffic network where 

they defined how the different paths that 

compose it would be used. 

 

Another way to approach the VRP 

problem is with the use of the traveling agent 

problem (TSP). Nucamendi et al, (2015) defines 

an adaptation of the TSP considering as a 

fundamental characteristic the waiting time 

instead of the vehicles used in route, as main 

objective established to minimize the time a 

customer waits to receive a service from a 

vehicle in the distribution route. 

 

Another approach to the search for a 

solution to the VRP is the one proposed by 

Guedria et al, (2016) where he establishes two 

strategies to solve the problem, the first one 

focused on the optimization of the vehicle load 

and the other one directly to the route allocation, 

this by means of a hybrid method between both 

approaches with the objective of meeting a 

performance defined by the decision maker.  

 

Veer et al, (2023) uses a Tabu-type 

metaheristics to address this problem where it 

must decide between multiple vehicle routing 

problems with constraints on the maximum 

capacity to be transported but without time 

constraints.  

 

The results show that tabu search 

outperforms other techniques for larger instance 

sizes, but for smaller instance sizes, local search 

can produce results comparable to TABU search 

in a significantly shorter period of time, this way 

reinforces the idea of the application of exact 

algorithms for medium to small problems in the 

search for an optimal solution. 

 

Brunner et al, (2021), exposes in their 

VRP research that the planned routes of vehicles 

must include the combined impact of the 

detailed information of the paths to follow on the 

route, this is due to the slopes of the road and the 

weight of the vehicle load on the cost of fuel 

consumption. This variation is called the vehicle 

routing problem with steep roads (VRP-SR). It 

uses a formulation as an integer linear program 

and solves it heuristically. It states in the 

reported solution that planned routes tend to use 

roads with relatively small gradients to avoid 

abrupt changes in altitude with a loaded vehicle 

and increased fuel consumption. 

 

The use of an exact method to address 

this problem was based on an extensive analysis 

of the existing literature in such a way that using 

a mathematical model applied to the VRP would 

guarantee obtaining an optimal solution in an 

acceptable solution time considering the size of 

the problem presented here. To obtain the 

solution, the AMPL software was used as an 

interface with the CPLEX optimizer version 

12.10, even though the selection of the exact 

solution technique can be considered risky when 

the problem size is considered large, it is not 

risky when the problem size is small to medium, 

thus obtaining optimal results in relatively 

reasonable times. 

 

Mathematical model 

 

Indexes: 

𝑖: Index used to identify the client.  
𝑖 ∈ {1, … , 𝑚} 

𝑗:Index used to identify each type of vehicle  𝑗 ∈
{1, … , 𝑛} 
 

Parameters: 

𝐼𝑖: Total number of customers 𝑖   
𝑊𝑖: Weekly demand of customer 𝑖   in trips   
𝑃𝑗: Capacity of vehicle 𝑗 

𝐶𝑖𝑗:  Cost per visit to customer 𝑖 by vehicle  𝑗  

𝑌𝑗: Total available time of the working day for  

vehicle 𝑗 
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𝑡𝑖𝑗: Travel time of customer 𝑖 for vehicle 𝑗 

 

Decision variables 

 

𝑋𝑖𝑗 = {
1 𝑖𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑗 𝑣𝑖𝑠𝑖𝑡𝑠 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝑖

0 𝑖𝑛 𝑎𝑛𝑦 𝑜𝑡ℎ𝑒𝑟 𝑐𝑎𝑠𝑒                  
 

 

Formula 1. Target function 

 

𝐹. 𝑂 𝑀𝑖𝑛 𝑧 =  ∑ ∑ 𝐶𝑖𝑗𝑋𝑖𝑗   𝑛
𝑗=1

𝑚
𝑖=1                     (1)  

 

Subject to:   

 

Formula 2. Constraint corresponding to 

compliance with each customer's demand. 

 
∑ 𝑃𝑗𝑋𝑖𝑗

𝑛
𝑗=1  ≥  𝑊𝑖  ∀ 𝑖                                               (2)  

 

Formula 3. Constraint that defines the 

vehicle's visit to the customer or stay at the 

distribution center. 

 

𝑋0𝑗 + ∑ 𝑋𝑖𝑗

𝐼

𝑖≠0

= 1   ∀ 𝑖, 𝑗                                            (3) 

 

Formula 4. Constraint which establishes 

the travel time per trip of vehicle j to the 

customer. i. 

 

∑ 𝑡𝑖𝑗 
𝐼
𝑖=1 𝑋𝑖𝑗  ≤  𝑌𝑗    ∀ 𝑖                                              (4) 

 

Formula 5. Non-negativity constraint. 

 

𝑋𝑖,𝑗 ≥ 0,                                                                        (5) 

 

Results 

 

The mathematical model presented in the 

research uses the mixed integer linear 

programming approaching the VRP in its basic 

form considering that the distribution network is 

a star type network, seeking to meet the central 

objective of the study. The solution presented 

here considers the values of all the decision 

variables, as well as the fulfillment of each of the 

different restrictions that make up the model, 

which together define the optimal solution to this 

problem. 

 

 

 

 

 

 

 

 

The solution to the practical problem 

presented here is presented, where it is required 

to have a schedule of product shipments in each 

vehicle to each of the customers with the main 

objective of reducing distribution costs, in the 

same way that seeks to make efficient use of the 

logistical resources available to the organization. 

In this practical problem we considered a total of 

ten customers with different demands (see Table 

2), as well as five vehicles with non-

homogeneous capacities, i.e. with different 

capacities, we consider that these vehicles can 

make a total of five trips per week, in the same 

way we establish the total time available to 

operate per week and the costs for visiting each 

customer per vehicle from the plant or the 

distribution center (see Table 3). 

 
Customer 1 2 3 4 5 6 7 8 9 10 

Weekly 

Demand 

(Trips) 

1 7 2 1 1 1 3 1 9 3 

 
Table 2 Demand of each of the clients in trips per week. 

 

 Vehicles 

Customer 1 2 3 4 5 

1 - - 1,995 - - 

2 - 1,945 - 2,187 2,295 

3 - - 3,342.5 - - 

4 - - 3,342.5 - - 

5 - - 2,295 - - 

6 - - 947.5 - 997.5 

7 - - - - 7,685 

8 - - - 997.5 - 

9 1,945 - 2,647 - 3,150 

10 - 1,945 - 2,187 - 

 

Table 3 Costs for visiting each customer for each vehicle 

 

In this section we report the results 

obtained with the application of the 

mathematical model in mixed integer linear 

programming to the VRP case study, for the 

search of the solution we used the AMPL 

software with the CPLEX optimizer with version 

12.10 obtaining very favorable results in the 

search to minimize the distribution and 

transportation costs included in the trips of each 

vehicle used, then, we can see in Table 4. the 

distribution of these vehicles and how many trips 

they have to make to satisfy the demand to each 

customer. 

 

 

 

 

 

 



15 

Article                                                             Journal of Technologies in Industrial Processes                                                                                                     
June, 2023 Vol.7 No.16 10-16 

 

 ISSN 2523-6822 
ECORFAN® All rights reserved 

VELARDE-CANTÚ, José Manuel, LÓPEZ-ACOSTA, Mauricio, 
CHACARA-MONTES, Allán and RAMÍREZ-CÁRDENAS, Ernesto. 

Analysis, selection and assignment of vehicles to distribution routes for 

finished products using mixed integer linear programming. Journal of 

Technologies in Industrial Processes. 2023 

 Customer 

Vehicles 1 2 3 4 5 6 7 8 9 10 

1         5  

2  2        3 

3 1  2 1 1 2     

4  4      1   

5  1    1 3    

 

Table 4 Distribution of trips to be made per vehicle to each 

client 

 

According to this configuration of 

distribution of trips of the vehicles to each client, 

the result is a total cost according to the 

parameters used of 77640 with a distribution of 

total trips per vehicle that can be seen in Table 5. 

This table also shows the total number of trips 

made by all the vehicles, with the exception of 

vehicle 3, which makes two more trips due to the 

characteristics of the problem being addressed.   

 
 

Trips made per vehicle 
Vehicles 

1 5 

2 5 

3 7 

4 5 

5 5 

Total Trips 27 

 
Table 5. Total number of trips made by vehicle 
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Conclusions 

 

With the application of the basic mathematical 

model to the VRP of the case study and using 

mixed integer programming with the help of 

AMPL software, it was possible to reduce the 

costs associated with all those activities related 

to the operations of transportation and/or 

distribution of finished products handled by the 

company. 

  In the same way it was defined the 

correct selection and assignment of which 

vehicle should visit each customer and how 

many trips should be made in order to meet the 

demand of each of them. With these results the 

company will be able to establish a methodology 

in a systematic way that will help to make 

efficient the activities that directly influence the 

use of the available logistic resources, thus 

giving it the opportunity to raise its 

competitiveness with the objective of growing 

and improving the company's profitability.  

 

Recommendations 

 

One of the main recommendations that should be 

taken into account is that the human resource 

available and that is directly related to the 

distribution and transportation activities should 

be properly trained to achieve efficient use of 

available logistics resources. Another 

recommendation is to establish controls over the 

solution provided by the methodology, as well as 

it is very important to establish follow-up 

operations to monitor compliance with the 

solution reported by the software to the problem 

addressed in order to comply with the 

minimization of the costs that were calculated 

for that demand. 

 

It should be taken into account that any 

change in the conditions under which the study 

was carried out would cause that the solution 

currently reported is not the correct one and that 

consequently another solution should be 

obtained with the changes in the corresponding 

input parameters and the optimization should be 

carried out again. 
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Abstract 

This project shows the improvement of a three-gram 

capacity jar for cosmetic use, manufactured by the 

company Ingeniería, Pailería Industrial y Mantenimiento 

S.A. de C.V. (IPIMSA). The jar for cosmetic use showed 

a leak between the jar and the lid, by means of the leak 

test, in a vacuum machine. To determine the root cause, an 

Ishikawa diagram is used, later, it was analyzed that the 

110 T horizontal injection machine (Van Dorn) is in 

perfect condition, the problem was identified when 

disassembling the plastic injection mold, since the plate 

for the string of the jar was machined with the 

concentricity offset by one millimeter, causing the walls 

of the string of the jar to be uneven and thin, which is why 

the objective of this project is to improve the machining of 

the string generating plate of the jar. Jar for cosmetic use, 

to meet the leak test by the customer. For the machining, 

the Haas VF2 CNC machining center with a resolution of 

0.001 mm, from the Universidad Tecnológica del Valle de 

Toluca, was used. 

Injection molding machine, CNC machine, G & M 

Code 

Resumen 

El presente proyecto se enfoca a la mejora de un tarro de 

uso cosmético de tres gramos de capacidad, fabricado por 

la empresa Ingeniería, Pailería Industrial y Mantenimiento 

S.A. de C.V. (IPIMSA). El tarro de uso cosmético presentó 

fuga entre el tarro y la tapa, mediante la prueba de fuga, en 

una máquina de vacío. Para determinar la causa raíz se 

utilizó un diagrama de Ishikawa, posteriormente, se 

analizó que la máquina de inyección horizontal (Van 

Dorn) de 110 T se encontrará en perfectas condiciones, el 

problema se identificó al desensamblar el molde de 

inyección de plástico, ya que la placa para cuerda del tarro 

fue maquinada con la concentricidad desfasada por un 

milímetro, causando que las paredes de la cuerda del tarro 

estuvieran disparejas y delgadas, motivo por el cual el 

objetivo de este proyecto es mejorar el maquinado de la 

placa generadoras de cuerdas del tarro de uso cosmético, 

para cumplir con la prueba de fuga realizada por el cliente. 

Para el maquinado se empleó el centro de maquinado CNC 

Haas VF2 con resolución de 0.001 mm, de la Universidad 

Tecnológica del Valle de Toluca.  

Molde de inyección de plástico, Máquina CNC, Código 

G y M. 
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Introduction 

The processes of globalisation and economic 

openness have forced the productive sectors to 

completely change their work strategies, 

focusing their efforts on improving their quality, 

productivity and delivery times, with the aim of 

achieving competitiveness both nationally and 

internationally (Páramo, 2002). The main pillar 

of the company IPIMSA S.A de C. V. is to 

manufacture its own products, guaranteeing fast 

processes, compliance with quality, timely 

delivery and low cost, avoiding waste and 

increasing productivity, aiming to manufacture 

and market plastics manufactured in Mexico and 

stop importing Chinese products that dominate 

the market, which has led IPIMSA to design and 

machine its own plastic injection moulds.  

For this reason, in this project, the 

improvement of the transformation process of 

the three-gram capacity cosmetic jar, which has 

a low hermetic seal, was carried out. This project 

shows its implementation from two 

perspectives: from the analysis on the plastic 

injection moulding machine, as well as the 

development of the manufacturing process in the 

Haas machining centre, in order to subsequently 

comply with the leak test carried out by the 

customer. 

Problem statement 

Manufacturers of plastic parts make a constant 

effort in preventive maintenance and control of 

the manufacturing process to ensure product 

quality and extend the life of the moulds; 

however, despite all these provisions, premature 

wear of the same is still present, taking into 

account the current trend of the processes 

requires to build increasingly complex, high 

performance equipment that meets the needs for 

each work environment. For this reason, the 

design of electronic, electrical, mechanical and 

intelligent computer control devices must adopt 

an integrated, interdisciplinary and synergetic 

approach, which is pursued and studied by the 

area of Mechatronics (Bolton, 2017). On the 

other hand, the Ishikawa diagram is a graphic 

tool through which the internal and external 

variables that affect the process are analysed, 

considering the possible causes that lead to 

economic losses, this technique is effective in 

business environments because it combines 

emerging actions to the solution or reduction of 

the problem;  

The application methodology is based on 

a specific study of the factors exposed by the 

environment, machinery, labour, materials, 

method and measurement system. This diagram 

is a way of organising and presenting the 

different theories that are proposed to solve a 

problem, as expressed by Gutiérrez, (2010) who 

concludes that this technique analyses the 

relationship between the cause and the resulting 

effects. 

To find the defect, the Ishikawa diagram 

in figure 1 was used, which graphically 

represented the set of causes that give rise to a 

consequence, or the set of factors and sub-factors 

(in the "thorns") that contribute to generating a 

common effect (in the "head" of the diagram). In 

this case the machine, materials, method and 

labour are considered. 

Figure 1 Ishikawa (cause-effect) diagram of the cosmetic 

container 

Source: Own Elaboration 

According to the diagram in figure 1, the 

operator (manpower) has no influence on 

modifying the product variables as his working 

method is only to remove the casting to separate 

it from the jar and package it. The raw material 

used is high-impact copolymer polypropylene, 

which is specially designed to facilitate the 

injection of large, thin-walled parts. It has an 

excellent balance between rigidity and impact 

and very good dimensional stability. It has UL 

94 HB (Horizontal Burn) approval for a 

minimum thickness of 1.5 mm, the base resin of 

this product complies with FDA (Food and Drug 

Administration) requirements, which is why it is 

ruled out as the cause of the failure. 

Subsequently, the possible problems in the Van 

Dorn 110-RS-6F-VV machine and the process 

were verified (Guaman, 2017), which consists of 

the closing system, cold casting mould, nozzle, 

heating barrel, hopper and control panel, see 

figure 2. 
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Figure 2 Van Dorn 110 plastic injection moulding 

machine 

Source: Own Elaboration 

 

 From the analysis of the machine; the 

mould temperature was 230 °C, the pressure was 

verified at 60 Tons, injection cycles in the order 

of 5 seconds, the percentage of virgin material 

and rework is 80% and 20%, respectively, with 

3% for each kg of pigment which are low dose 

oxides to colour the part, 7 seconds of cooling, 

clean vent channels, the injection orifices are not 

obstructed and the mould is clean. As a result, 

the process is correct and the machine is in 

optimal conditions. The mould was then 

dismantled and disassembled (see figure 3). 

 

 
 
Figure 3 Rope plate from the cosmetic container injection 

mould 

Source: Own Elaboration 

 

 It was observed that the machining of the 

part was not concentric by 1.0 mm as the 

machining is out of phase in the four cavities, so 

the decision was taken to re-machine the string 

plate of the plastic injection mould of the 

cosmetic container. 

CNC machining procedure 

 

The manufacture of the jar string plate requires 

several activities such as cutting of the plate, 

grinding, pre-drilling, pre-drilling of the plate, 

pre-drilling for the pin bores, only the procedure 

for the manufacture of the cavity machining, 

cavity stopper and jar string plate which require 

accuracies of ±0.03 hundredths of a millimetre 

for adjustment and subsequent grinding to 

correct the leakage is shown. The procedure for 

machining on Haas VF2 CNC with 0.001 mm 

resolution (see figure 4) is as follows (Haas 

Automation, 2016): 

 

1. All values that are loaded on the "offsets" 

(Tool heights) page, such as tool lengths 

and tool diameter, as well as unused part 

zeros (G54~G59) are deleted. 

 

2. A 10 mm diameter cutter and a 10 mm 

thread milling cutter are used for cavity 

and cavity stop machining, which are 

assigned in tool 1 and 2. 

 

3. Indicate the value of the tool diameter, 

which is to be used with a value D1 and 

enter this value in the "offsets" pages. 

 

4. Load the program with name O0033 into 

the machine memory, either by writing 

the information manually into the 

memory in edit mode or by loading the 

program by means of a "CAM" package 

via the USB interface, the code is done in 

notepad with either ".txt" or ".nc" 

extension, in this case only an explained 

example is shown which would be the 

same for cavity machining and cavity 

stop as the string program is extensive 

(see table 1). 

 

5. Using a press or fixture, the workpiece is 

mounted on the machining centre bed, 

clamped securely and the fixture is 

aligned with dial indicator. 

 

6. The program part zero is located in the 

"XY" axes. All dimensions are taken 

from these axes and assigned to code 

G58 (selection of work coordinates), (HI 

TEC, 1992).  

 

7. It is located from the Z axis at the height 

of the tool G43 H1 and assigned in "Tool 

offset". 
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8. Remove all the tools on the carousel

from the machine and make a tool

change to bring tool number 1 (T1 M6),

then place the tool in the machine with

the cutter and thread milling cutter.

9. In order to detect possible programming

errors, it was simulated in graphic mode

(see figure 4).

10. Run the program with rapid movement at

25% and check that there is no collision.

11. Once everything has been programmed,

we proceed to the machining of the parts

in series, or as established by the

customer.

Figure 4 CNC Computer Numerical Control HAAS VF2 

and simulation 

Source: Own Elaboration 

The plate material is 1018 steel with low 

carbon content, ideal for parts where uniform 

hardness is required. Its mechanical properties 

and machinability make it one of the most 

widely used steels. Products made from this 

material are of superb quality. The values of 

revolutions per minute and feed per cutting edge 

are determined from the values obtained by the 

tooling supplier which are Vc=53 m/min and 

f=0.3mm/rev as shown in equation 1 and 2 (HI 

TEC, 1992). 

𝑁 =
𝑉𝑐𝑥1000

𝜋𝐷
(1) 

𝑁 =
53𝑚

𝑚𝑖𝑛⁄ 𝑥1000

𝜋∗1000
= 1687 𝑅. 𝑃. 𝑀 

𝐹 = 𝑁 ∗ 𝑓 = 1687 ∗ 0.3 𝑚𝑚
𝑟𝑒𝑣⁄   (2) 

𝐹 = 506 𝑚𝑚
𝑚𝑖𝑛⁄

Where: 

N=Revolutions per minute 

Vc=Cutting speed (mts/min) 

π=3.14159 

D=Diameter 

1000=Value to convert m to mm. 

F=Feed per minute (mm/min). 

f=Feed per edge (mm/rev). 

Table 1 shows the codes used in the 

machining process. 

Code Explanation 

O0033 Name of the programme. 

T1 M06 Insert tool 1. 

G00 G40 G17 G80 

G90 G58 X-62. Y0. 

Cycle cancellation and assignment 

of workpiece zero. 

M03 S1680 Rotate the tool clockwise at 1680 

RPM. 

G43 H01 Reads tool compensation in Z. 

G00 Z5. Rapid traverse in the Z-axis. 

G01 Z0. F100. Z approach with controlled feed. 

G12 G91 Z-0.2 

I12.3 K12.6 Q0.5 

G42 D01 F510. L68 

Roughing cycle to 25.2 mm 

diameter, repeating 68 times to 

rough each cut by 0.2 mm. 

G40 D01 Cancels tool compensation. 

G00 G90 Z30. Rapid movement up to Z30. 

G28 G91 Z0. Retracts the tool home at Z. 

M05 Spindle stops. 

M30 End of program with return to 

start. 

Table 1 Program used for cavity machining 
Source: Own Elaboration 

Results 

Figure 5 shows the machined plate in which the 

measurements varied by 0.02mm both in 

diameter and concentricity.  
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Figure 5 Machining of four cavities for taro rope for 

cosmetic use 

Source: Own Elaboration 

To validate the new jar produced with the 

improved mould, it was sent to the customer to 

perform the leak test, which consists of 

subjecting the jar to a pressure of 32 mmHg for 

2 minutes. To perform this test, water was placed 

inside the jar, closed with the lid and introduced 

into the container on top of a paper napkin. At 

the end of the test, the dry paper was observed 

and the lid was removed from the jar, which had 

the total amount of liquid inside (see figure 6). 

By the result of the test; the production of the jar 

was approved by the customer and to fully 

validate, random samples were taken to 

guarantee the improvement of the mould. 

Figure 6 Leakage test on a jar for cosmetic use 

Source: Own Elaboration 
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Conclusions 

As a result of the work carried out between the 

University and the company, the following 

conclusions have been drawn: 

 The four-cavity plate with thread, in 

1018 steel, was machined for the 

cosmetic jar, with a variation of 

+0.02mm. 

 Modelling, programming, simulation 

and machining was carried out for the 

Hass VF2 vertical machining centre, 

using vertical counters and a thread 

cutter. 

 The customer, IPIMSA, performed the 

vacuum tests satisfactorily, thus meeting 

this quality criterion. 
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Abstract 

Objectives: To find a new distribution for the 

warehouse facilities that improves the current flow of 

the order dispatch process. Methodology. The 

method was based on Systematic Distribution 

Planning with the following steps: the relationships 

were defined, the needs matrix was considered, and 

later the alternatives were made to be evaluated with 

the ProModel simulation software. Contribution: The 

results show an improvement in the redistribution 

with a time of use of the forklift of 176.49 min 

compared to 188.30 min of the real distribution and 

a difference of 14.63 units compared to 11.64 current 

units in the operations of the forklift. 

Dispatch, Distribution, Warehouse 

Resumen 

Objetivos: encontrar una nueva distribución para las 

instalaciones del almacén que mejore el flujo actual 

del proceso de despacho de órdenes. Metodología. El 

método se basó en la Planeación Sistemática de 

Distribución con los siguientes pasos se definieron 

las relaciones, se propuso la matriz de necesidades, y 

posteriormente se realizaron las alternativas para ser 

evaluadas con el software de simulación ProModel. 

Contribución: Los resultados muestran una mejora 

en la redistribución con un tiempo de utilización del 

montacargas de 176.49 min respecto a 188.30 min de 

la distribución actual y una diferencia de 14,63 

unidades respecto a 11,64 unidades actuales en las 

operaciones del montacargas. 

Promodel, Distribución, Almacén 
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Introduction 

According to the Ceramic Council of North 

America (TCNA), the tile and ceramic floor 

industry sector in Mexico will have an increase 

of 4% in 2022 as an action of correcting the 

effects of the 2020 financial year due to the 

effect of the pandemic. In the ranking of 

countries with ceramic tile and floor products, 

Mexico ranks ninth, growth prospects for next 

year are due to the gradual recovery of the 

construction sector (EFE, 2021). 

This research addresses a ceramic trading 

company whose service ranges from 

manufacturing to retail sale; the products are 

aimed at clients such as housewives, 

construction specialists such as architects, civil 

engineers and construction companies. The 

growth of the company is based on the sale of 

ceramic floors and tiles, bathroom furniture, 

installation materials, which is operated by a 

corporate (Almeida, 2013). 

The company's operation has a delay in 

orders and loss of time that significantly affect 

the consumer experience and its brand image, 

focusing on the warehouse area whose operation 

is inefficient in order flow, which impacts on the 

increase in order attention times (Torres, 2015). 

Table 1 shows the functions involved and 

their responsibilities within the operation. It can 

be observed that the reception of the product is 

the responsibility of the warehouse manager, the 

quality of the product is frequently affected 

despite the fact that the same warehouse 

manager is responsible for the aforementioned 

supervisión. 

This becomes evident when looking for 

the products there is a significant probability that 

the product may be in poor condition and those 

who cooperate in this function are the warehouse 

assistants, as well as all the operational functions 

of material handling. 

General 

manager 

Finance Warehouse 

manager 

Auxiliar Assistant 

Driver{s 

Driver Vendors 

 Product receipt I R D D P 

Monitor product quality I R D D P 

Product capture R D D D 

Determine storage capacity P R D D D 

product storage R D D D 

Get corrective action R P D D D 

product shipment R P P D 

Determine customer needs P D P I R 

Make the cost of the 

product 

D R P 

Final product inspection P R D D P D 

Table 1 Functions and Responsibilities of the company 

under study 

Source: Own Elaboration 

Note: The symbols represent 

R=Responsible, D=Must cooperate, P=May 

cooperate, I=Will be informed. 

The warehouse process (see figure 1) 

consists of receiving pallets with boxes, which 

are registered for storage and later, boxes are 

placed on pallets later they are placed on shelves 

in a warehouse, ready for the sale process. The 

output are the products registered through sales, 

these being floors, bathroom furniture and 

materials for installation. Interceramic currently 

receives the product ready to be installed 

(Ramírez, 2015). 

Figure 1 Service process of the company under study 

Source: Own Elaboration 

The company under study generates 

significant delays in delivery of orders. The 

information on delays is obtained in the sales 

process, reflecting in the losses that this 

generates, see graph 1 (Ramírez, 2015). 

Graph 1 Delay in delivery time in the company under 

study 

Source: Own Elaboration 

Note: Data corresponding to the year 

2014. 

The arrangement and operation of 

machines, tools, material, people, information, 

and randomness in the system affect the 

performance of any organization, representing 

an area of opportunity for effective decision-

making in any of the manufacturing, 

commercial, and service sectors (Stanley, 2000). 
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During the data collection, it was 

observed that there are inappropriate areas for 

products handling, as well as these represent a 

risk for personnel, see figure 2. 

 

 
 
Figure 2 Shelves and stairs in warehouse area  

Source: Own Elaboration 

 

On the other hand, there are pallets with 

product which has a production date and should 

not be combined with the product from other 

pallets of different dates because they have 

different shades of color, see figure 3. Ceramics 

are extracted using a forklift or by means of a 

loading skid, but there is no control for the 

extraction of the merchandise except the bags for 

grout tile are handled by the PEPS system (first 

in, first out) as it is powder for mixing it is more 

prone to humidity, therefore the first to enter the 

store is sold (Olivas, 2015). 

 

 
 
Figure 3 Product storage área 

Source: Own Elaboration 

 

The company under study presents the 

following situations in the operations and 

organization of the warehouse and inventory, to 

mention a few: the current distribution and the 

displacement of the forklift do not favor the 

loading and unloading of the products, 

producing low efficiency. In addition to the 

absence of a cleaning program for each  

warehouse areas, operators do not have standard 

worksheets in the warehouse in case they need to 

make any decision they want to take. 

Products have risks of damage at 

different times, one of them occurs when the 

product is received because there is no ramp to 

unload, another occurs when the product is 

handled on its way to reach the shelves, and there 

are also obstructions on the floor that they delay 

the handling time of the pallets in the forklift in 

their daily driving. 

 

The way in which the product is located 

and stowed delays the time of the delivery 

process to the customer since the stowage of the 

product is carried out without any criteria,  

creating a disorder, as well as poorly designed 

crossings that put the operator at risk when 

filling orders (Torres, 2015). 

 

Derived from the symptoms described 

above, the following research question is 

proposed: 

 

What is the best alternative to redistribute 

the warehouse of the company under study? 

 

1.1 Objective 

 

The objective to be developed is to redistribute 

the warehouse through the Simplified Layout 

Methodology to make the operation of the 

company under study efficient through discrete 

simulation. 

 

2. Literature review. 

 

An important element in the operation of any 

company are warehouses, their use is important 

throughout the supply chain, they allow to store 

parts and materials, as well as finished products 

and provide a unified and optimized means to 

consolidate materials from suppliers. 

 

An important activity in warehouse 

management is order preparation, which 

involves time, labor, and cost for the entire 

warehouse (Frazelle, 2002) and (Shetty, 

Namrata & Sah, Bhawesh & Chung, Sung, 

2020). The functions of a warehouse include 

storing raw materials, products in process and 

finished, associated with a manufacturing and/or 

assembly process. Its design is a complex task 

due to the interaction and relationships between 

activities. The relevance of the warehouse is to 

efficiently dispatch the product to the next step 

in the supply chain without altering its basic 

form.  
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If the warehouse cannot process orders 

quickly, efficiently and accurately, it will affect 

the entire supply chain, impacting the customer 

or end user (Sooksaksun and Kachitvichyanukul, 

2010) and (Muharni, Kulsum, & Khoirunnisak, 

2019). 

According to Hou (2013) the operation of 

a warehouse system changes its state over time 

as a result of specific events which can be 

modeled as a system of discrete events. Common 

states can be categorized as Idle, Busy, Locked 

or Idle etc. and some examples of events would 

be the arrival of customer orders, product 

movement and machine breakdowns. These 

items go through a set of processing, queuing 

and transport steps in what is called a process 

flow and may require one or more resources such 

as machines, conveyors, operators, vehicles, or 

tools. Some resources are stationary and some 

are mobile, some resources are dedicated to a 

specific task and others must be shared across 

multiple tasks. 

In an environment with dynamism and 

uncertainty, simulation is used (Tang, Yu, Li, 

Song, Zhao, Yu & Qi, 2019) and (El-Baz, 2004) 

to reproduce as much as possible the operation 

of the real system and make An effective 

evaluation of design alternatives at the same 

time allows the planning and convenient 

positioning of employees, materials, machines, 

equipment and other resources and 

manufacturing facilities to create the layout of 

the facilities in an effective way (Toffaha & 

Dongyan, 2018). 

To perform ProModel simulation, it is a 

discrete-event simulation technology used to 

plan, design, and improve new or existing 

manufacturing, logistics, and other operating 

systems. It allows you to accurately represent 

real-world processes, including their inherent 

variability and interdependencies, to perform 

predictive analysis on potential changes 

(Toffaha & Dongyan, 2018). 

3. Methodology to develop

The procedure is an adaptation of the Simplified 

Systematic Planning of Plant Layout 

methodology (Muther, 2012) with simulation 

support with ProModel. 

Object of study: Warehouse of finished 

product in the company under study. 

Materials: Visio Software, ProModel 

Software, Flexometer. 

Procedure: This procedure is an 

adaptation of the Simplified Systematic 

Distribution Planning PSSD methodology using 

ProModel software. 

1. Identification of the product to obtain a

classification by families based on their

mobility.

2. Analysis of the route of the products to

simplify the sequence in material

handling.

3. Establishment of relationships through a

diamond matrix with criteria proximity

(see table 2).

Code Relationship 

A Absolutelly necessary 

E Excellently important 

I Important 

O Ordinary 

U Unimportant 

X Rejectable 

Table 2 Value scale proposed by Muther, Muther (2012) 

4. Elaboration of the needs matrix

considering the analysis of routes and

activities, the analysis of influential

factors in the handling of materials and

the analysis of practical limitations and

restrictions

5. Modeling through the ProModel

software, firstly, construction of the

current model and secondly, the

generation of proposals

6. Selection of alternatives.

4. Results

The products that are handled in the warehouse 

were classified into families (for simplicity, 

these families will be associated later as product 

areas) see graph 2 based on the mobility rate 

resulting 
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Graph 2 Families of products from the store 

Source: Own Elaboration 

 

The current route in relation to the 

handling of warehouse products has the 

following sequence, see figure 4. 

 

 
 

Figure 4 Current material handling sequence 

Source: Own Elaboration in ProModel Software 

 

Once the complexity of movements was 

considered, an approximation of a better 

handling of products in the warehouse was 

made, see figure 5. 

 

 
 
Figure 5 Proposal for reduction in product handling in the 

warehouse 

Source: Own Elaboration in ProModel Software 

 

The previous figure shows R as the 

starting point (forklifts) makes the routes to H, 

C, F, G, E B, A, and D (racks) and I as the storage 

point located in the reception area, and S as the 

end point restarting the process. Once the 

diagram of the improved route is made, the 

forklift covers the orders in less time, reducing 

the time of unloading and accommodation. 

For the generation of proposals, a model 

of the current system was designed, previously a 

relational diagram had to be built, see graph 3 

and the needs matrix shown in table 3. 

 

 
 
Graph 3 Relational diagram of the áreas 

Source: Own Elaboration on the Creately.com website 

 

Note: The codes are A: absolutely 

necessary, E: extremely important, I: Important, 

O: Ordinary, U: unimportant, X: Rejectable, 1: 

material with very high turnover, 2: material 

with high turnover; 3: material with medium 

rotation, 4: material with low-medium rotation, 

5: material with low rotation and 6: material with 

very low rotation. 

 
Criteria 

Family 

or area. 

Load 

liftin

g area 

Manual 

merchandis

e extraction 

Rearrangemen

t facilities 

Inventor

y 

Facilities   

Qualit

y and 

Safety 

area 

Operato

r safety 

A y B  100% 100% 100% 100% 100% 100% 

C y D   100%  90% 90% 100% 100% 100% 

E, F, G 

y H   

80% 80% 80% 95% 100%   100% 

Deliver

y area 

100% 100% 100% 100% 100% 100% 

 
Table 3 Matrix of needs 

Source: Own Elaboration 

 

The current distribution (see figure 6), 

integrates the entities of families A, B, C, D, E, 

F, G and H, the location was assigned for each 

of the warehouse areas where each family is 

distributed. 
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Figure 6 Model of the current warehouse management 

system 

Source: Own Elaboration in ProModel 

 

Considering the previous aspects, the 

following distribution proposals were elaborated 

(see figure 7). 
 

 

 
 
Figure 7 Distribution proposals 

Source: Own Elaboration in ProModel 

 

For modeling purposes, orders arrive at 

the reception area according to a triangular 

distribution with a minimum of 18, a mode of 20, 

and a maximum of 30 orders per day. 

 

The pattern of requests for a shift arrives 

according to an empirical distribution in the 

following frequency distribution: from 0 to 2hr, 

in 25%; 2 to 4, in 25%; 4 to 6, in 30% and 6 to 

8, in 20%. The above is specified in Table 4, 

which assigns the type of family to each order. 

 
. 
Table 4 Distribution of orders 

Source: Own Elaboration in ProModel software 

 

Note: Through these parameters the 

simulation is carried out in the ProModel 

software 

 

The number of runs of the simulation was 

30 runs using the forklift as a resource, the 

results (see graphs 4 and 5) show proposal A as 

the best, generating 2990 units more than the 

current system in one week. 

 

Note: Using these parameters, the 

simulation is carried out in the ProModel 

software. 

 

 
 
Graph 4 Units in the simulation 

Source: Own Elaboration 

 

On the other hand, the use of the forklift 

presents a lower percentage for proposal A with 

a value of 36.7%, reducing its use by 2.46% 

compared to the current one, see graph 5. 

 

 
 

Graph 5 Percentage of use of the Forklift resource 

Source: Own Elaboration 
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5. Conclusions 

 

In the present study, after using the lean 

manufacturing tools, as well as the systematic 

planning method and simulating the different 

proposals in the ProModel Software, it was 

possible to detect that redistributing families A 

and B results in greater efficiency for the 

efficient management of resource since they are 

far removed from the delivery area, these two 

families being the ones with the highest sales 

margin and the longest delivery time and due to 

the poor condition of the floor where they are 

staying, they put the quality of the product at 

risk. 

 

Distributing an area is not only assigning 

a specific place to each element that makes it up, 

but also implies the intervention of various 

factors such as movement and handling of 

materials, changes, services, human factor, 

building, etc. Which, if directed correctly, will 

lead to a harmonious development of the 

organization, where all its elements work as a 

system. 
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