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Abstract 

The metalworking industry plays a fundamental 

role in Mexico's economic and productive 

development due to its involvement in the 

manufacturing, repair, and maintenance of 

industrial equipment. However, many machining 

and welding workshops face challenges related 

to process organization, plant layout, inventory 

control, standardization of activities, and 

workplace safety, which limits their operational 

efficiency and competitiveness. In this context, 

the objective of this research is to develop an 

operational optimization proposal for the La 

Huacana Machining and Welding Workshop, 

located in Lázaro Cárdenas, Michoacán, through 

the application of the Lean Six Sigma approach. 

The research adopts a quantitative approach with 

a descriptive and propositional scope, supported 

by the DMAIC methodology (Define, Measure, 

Analyze, Improve, and Control). Tools such as 

Failure Mode and Effects Analysis (FMEA), risk 

 Resumo 

A indústria metalúrgica desempenha um papel 

fundamental no desenvolvimento econômico e 

produtivo do México devido ao seu envolvimento 

na fabricação, reparo e manutenção de 

equipamentos industriais. No entanto, muitas 

oficinas de usinagem e soldagem enfrentam 

desafios relacionados à organização de 

processos, layout da fábrica, controle de 

estoque, padronização de atividades e 

segurança no local de trabalho, o que limita sua 

eficiência operacional e competitividade. Nesse 

contexto, o objetivo desta pesquisa é 

desenvolver uma proposta de otimização 

operacional para a Oficina de Usinagem e 

Soldagem La Huacana, localizada em Lázaro 

Cárdenas, Michoacán, por meio da aplicação da 

abordagem Lean Six Sigma. A pesquisa adota 

uma abordagem quantitativa com escopo 

descritivo e propositivo, apoiada pela 

metodologia DMAIC (Definir, Medir, Analisar, 
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analysis, plant layout redesign, the development 

of standardized operating procedures, and the 

implementation of an inventory control system 

and performance indicators are used to diagnose 

and analyze the current situation. The diagnostic 

results reveal operational waste, process 

variability, deficiencies in materials 

management, and risks associated with 

occupational health and safety. Furthermore, 

opportunities for improvement were identified 

related to workspace organization, optimization 

of material flow, and strengthening industrial 

safety conditions. It is concluded that the 

integration of Lean Six Sigma tools constitutes a 

viable alternative for increasing productivity, 

reducing unproductive time, improving decision-

making, and strengthening the competitiveness 

of metalworking shops. Furthermore, the 

research provides empirical and methodological 

evidence for the application of continuous 

improvement strategies in small and medium-

sized enterprises in the industrial sector. 

 

Keywords: Lean Six Sigma. DMAIC. 

operational optimization. Machining. Welding. 

FMEA. Inventory Control. Industrial Safety. 

Melhorar e Controlar). Ferramentas como a 

Análise de Modos de Falha e Efeitos (FMEA), 

análise de riscos, redesenho do layout da 

fábrica, desenvolvimento de procedimentos 

operacionais padronizados e implementação de 

um sistema de controle de estoque e indicadores 

de desempenho são utilizadas para diagnosticar 

e analisar a situação atual. Os resultados do 

diagnóstico revelam desperdícios operacionais, 

variabilidade de processos, deficiências na 

gestão de materiais e riscos associados à saúde 

e segurança ocupacional. Além disso, foram 

identificadas oportunidades de melhoria 

relacionadas à organização do espaço de 

trabalho, à otimização do fluxo de materiais e ao 

fortalecimento das condições de segurança 

industrial. Conclui-se que a integração das 

ferramentas Lean Six Sigma constitui uma 

alternativa viável para aumentar a 

produtividade, reduzir o tempo improdutivo, 

melhorar a tomada de decisões e fortalecer a 

competitividade das oficinas de usinagem. Além 

disso, a pesquisa fornece evidências empíricas e 

metodológicas para a aplicação de estratégias 

de melhoria contínua em pequenas e médias 

empresas do setor industrial. 

 

Palavras-chave: Lean Six Sigma. DMAIC. 

Otimização Operacional. Usinagem. Soldagem. 

FMEA. controle de Estoque. Segurança 

Industrial. 

 

 

1 INTRODUCTION 

 

According to the National Institute of Statistics and Geography (INEGI, 2023), in 

this industrial environment, the metalworking industry includes welding and machining 

workshops, which play an essential role because they represent the link between the 

manufacturing and design of mechanical components. These workshops carry out 

fundamental tasks, such as the creation of metal parts using turning, milling, grinding, 

and machining processes; the repair and maintenance of industrial machinery; the 

replacement of worn components; the assembly and fabrication of metal structures; 

specialized welding; as well as the recovery and production of parts for sectors or areas 

with intense manufacturing and port activity, including transportation, mining, and 

Lázaro Cárdenas (Michoacán), among others (INEGI, 2023). Their function is strategic 
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since they ensure the operational continuity of companies and reduce the downtime of 

industrial machinery. 

In the Mexican context, metalworking shops contribute to the creation of 

specialized technical jobs, especially for welders, lathe operators, CNC machine 

operators, industrial mechanics, and maintenance technicians. These activities promote 

technology transfer, the development of local suppliers, and the progressive integration 

of automated and advanced manufacturing processes. Furthermore, the increasing 

complexity of production systems requires machining and welding shops to adapt to 

management models based on continuous improvement methodologies, automation, and 

digitalization. 

Groover (2020) argues that the integration of technologies such as computer 

numerical control (CNC), computer-aided design and manufacturing (CAD/CAM), as 

well as total productive maintenance (TPM) and Lean Six Sigma strategies, has become 

a crucial factor in optimizing production processes. These technologies enable the 

reduction of operating times, the minimization of waste, and the increase in productivity, 

quality, and competitiveness of organizations. Kalpakjian and Schmid (2019) point out 

that the automation and modernization of metalworking processes have facilitated 

technology transfer and the development of specialized capabilities in the manufacturing 

field. The implementation of these tools enables improvements in the precision of 

operations, increases product quality, and promotes more efficient management of 

material and human resources, contributing to the sustainable growth of the sector and 

the strengthening of industrial chains in Mexico (Groover, 2020; Kalpakjian & Schmid, 

2019). 

Consequently, machining and welding workshops not only play a role in the 

manufacture and repair of equipment, but also represent an essential productive 

infrastructure for economic growth, technological innovation, and the strengthening of 

industrial chains in Mexico. 

There is no doubt that machining and welding workshops play an essential role in 

strengthening industrial supply chains, especially in regions with significant 

manufacturing and port activity, such as Lázaro Cárdenas, Michoacán. However, many 

of these organizations operate under traditional models characterized by a lack of process 
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standardization, deficiencies in plant layout, inadequate inventory controls, and 

limitations regarding occupational safety and health. 

Based on the above, the objective of this research is to develop an operational 

optimization proposal for the La Huacana Machining and Welding Workshop, located in 

Lázaro Cárdenas, Michoacán. This proposal will be developed using the Lean Six Sigma 

approach, through the application of the DMAIC methodology, with the purpose of 

improving operational efficiency, strengthening industrial safety, and contributing to the 

competitiveness of the metalworking sector. 

 

2 PROBLEM STATEMENT 

 

Machining and welding workshops play a fundamental role by providing 

specialized services that ensure the operational continuity of industrial processes and 

contribute to the strengthening of national supply chains (National Institute of Statistics 

and Geography [INEGI], 2023). 

In particular, the municipality of Lázaro Cárdenas, Michoacán, is a hub of 

significant industrial and port activity stemming from the presence of steel, mining, 

logistics, and maritime transport companies, which constantly demand manufacturing, 

maintenance, and repair services for metal parts and structures. Given this dynamic 

production, machining and welding workshops provide essential support for the operation 

of these organizations; however, many of these establishments continue to operate under 

traditional methods that limit their responsiveness and competitiveness. 

The La Huacana Machining and Welding Workshop, located in Lázaro Cárdenas, 

Michoacán, carries out activities related to the manufacture of metal components, repair 

of industrial machinery, specialized welding, and equipment maintenance. However, the 

preliminary assessment identified several problems associated with process organization, 

plant layout, material and tool storage, inventory control, and the standardization of 

operations. 

Among the main problem areas are the accumulation of materials and scrap metal 

in transit areas, the lack of clearly defined workspaces, the absence of documented 

operating procedures, the lack of efficient inventory control systems, and insufficient 

signage in work areas. These conditions generate waste, increase the time spent searching 
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for tools and materials, cause delays in the execution of activities, and affect the overall 

productivity of the workshop. There are also occupational health and safety risks 

associated with the use of heavy machinery, welding processes, manual handling of 

materials, and the improper use of personal protective equipment. Failure to fully comply 

with applicable Official Mexican Standards, including NOM-001-STPS-2018, NOM-

002-STPS-2010, NOM-017-STPS-2008, NOM-027-STPS-2008 and NOM-035-STPS-

2018, increases the likelihood of workplace accidents, affects working conditions and 

may result in administrative sanctions. 

Furthermore, the lack of performance indicators hinders the objective evaluation 

of variables such as cycle times, machinery availability, resource utilization levels, 

operating costs, and adherence to maintenance schedules. This situation limits data-driven 

decision-making and makes it difficult to identify the root causes of variability and 

inefficiencies in production processes. 

Consequently, the central problem of the investigation lies in the fact that the La 

Huacana Machining and Welding Workshop presents deficiencies in the organization of 

its processes, plant layout, inventory control, standardization of activities and compliance 

with regulations on occupational safety and health, which negatively impacts its 

operational efficiency, productivity and competitiveness. 

Faced with this problem, the need arises to develop an operational optimization 

proposal based on the Lean Six Sigma approach and structured using the DMAIC 

methodology, which allows identifying the causes of inefficiencies, designing 

improvement strategies and establishing control mechanisms aimed at increasing 

productivity, strengthening industrial safety and contributing to the sustainable 

development of the workshop. 

 

3 JUSTIFICATION 

 

The metalworking industry is one of the strategic sectors for Mexico's economic 

development, due to its role in the manufacture, maintenance, and repair of machinery, 

equipment, and components used in productive activities such as steelmaking, mining, 

construction, manufacturing, and transportation. In particular, machining and welding 

workshops represent a fundamental link within industrial chains, as they guarantee the 
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operational continuity of processes through the manufacture of specialized spare parts, 

the recovery of components, and the maintenance of industrial equipment (National 

Institute of Statistics and Geography [INEGI], 2023). 

Despite their economic importance, many machining and welding workshops 

continue to operate under traditional systems characterized by a lack of standardized 

procedures, deficiencies in plant layout, insufficient inventory controls, and limitations in 

occupational health and safety. These conditions generate waste (MUDA), increase 

unproductive time, hinder process traceability, and pose potential risks of regulatory non-

compliance and penalties. Furthermore, they reduce organizations' ability to respond to 

current market demands (Groover, 2020). 

The scientific relevance of this study also lies in its simultaneous incorporation of 

variables related to productivity, plant layout, inventory control, industrial safety, and 

compliance with Mexican occupational safety and health regulations. In this regard, the 

research considers the application of the Mexican Official Standards NOM-001-STPS-

2018, NOM-002-STPS-2010, NOM-017-STPS-2008, NOM-027-STPS-2008, and NOM-

035-STPS-2018, with the aim of meeting minimum legal requirements and strengthening 

working conditions to minimize the risks associated with machining and welding 

operations. 

Furthermore, this research will contribute to methodological development by 

adapting the DMAIC cycle—Define, Measure, Analyze, Improve, and Control—to the 

operational characteristics of a metalworking shop located in Lázaro Cárdenas, 

Michoacán. This will allow for the creation of an intervention model that can be replicated 

in other organizations with similar conditions. From an academic perspective, the study 

will provide empirical evidence on the integration of Lean Six Sigma tools in small 

industrial companies, contributing to the strengthening of the scientific literature in the 

field of industrial engineering and continuous improvement. 

Finally, the research aligns with the Sustainable Development Goals of the 2030 

Agenda, particularly with Goal 8, aimed at promoting decent work and economic growth; 

Goal 9, related to industry, innovation and infrastructure; and Goal 12, focused on 

ensuring responsible production and consumption patterns (United Nations [UN], 2015). 

While Lean Six Sigma has proven to be an effective methodology for optimizing 

production processes in large manufacturing industries, there is limited scientific 
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evidence regarding its comprehensive application in small machining and welding 

workshops operating under intermittent and make-to-order production systems. 

Similarly, studies conducted in the Mexican context that simultaneously integrate 

continuous improvement tools, plant layout, inventory control, risk analysis, and 

occupational health and safety in these types of organizations are scarce. This situation 

highlights the need to generate applied knowledge that contributes to strengthening the 

competitiveness of the metalworking sector. 

The importance of this research lies in the fact that the "La Huacana" Machining 

and Welding Workshop exhibits deficiencies related to process organization, plant layout, 

inventory management, standardization of activities, and workplace safety—factors that 

directly affect productivity and operational efficiency. This study will identify the causes 

of waste and variability in the processes, as well as propose improvement strategies aimed 

at optimizing workshop performance and strengthening compliance with current 

regulations. 

In terms of its scientific and methodological contribution, the research will 

provide empirical evidence on the implementation of the Lean Six Sigma approach in 

Mexican metalworking shops, expanding existing knowledge on continuous 

improvement in small and medium-sized enterprises. Methodologically, the study will 

integrate the DMAIC cycle with tools such as Failure Mode and Effects Analysis 

(FMEA), plant layout redesign, inventory control systems, and operational risk analysis, 

generating an intervention model that can be replicated in organizations with similar 

characteristics. 

This research will contribute to strengthening industrial engineering by providing 

strategies to optimize production processes, reduce waste, improve occupational health 

and safety, and increase operational efficiency. It will also enable the integration of 

management, quality, and industrial safety tools with data-driven decision-making, 

fostering the development of solutions applicable to the metalworking sector and 

promoting the competitiveness and sustainability of organizations. 

Given this situation, it is necessary to develop an operational optimization 

proposal based on Lean Six Sigma and structured using the DMAIC methodology. This 

proposal will allow for process diagnosis, identification of the causes of variability and 

waste, design of improvement actions, and establishment of control mechanisms. The 
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proposal should integrate tools such as SIPOC diagrams, Ishikawa diagrams, Pareto 

charts, 5W2H, 5S, FMEA, SMART objectives, plant layout redesign, standardized 

operating procedures, inventory control, signage, and monitoring of key performance 

indicators (KPIs), with the aim of improving workshop efficiency and strengthening 

workplace safety. 

 

3.1 Research question 

 

How can an operational optimization proposal based on Lean Six Sigma improve 

the efficiency of processes at the La Huacana Machining and Welding Workshop, located 

in Lázaro Cárdenas, Michoacán? 

 

3.2 Research objective 

 

Implementing an operational optimization proposal based on Lean Six Sigma can 

improve process efficiency at the "La Huacana" Machining and Welding Workshop. 

 

3.3 Empirical review 

 

Several recent studies have demonstrated the effectiveness of Lean Six Sigma in 

optimizing industrial processes and improving organizational performance. Suaña Revilla 

et al. (2024) identified that integrating Lean and Six Sigma tools reduces waste and 

strengthens the competitiveness of the metalworking sector. Similarly, Galíndez and 

Castro (2023) documented significant improvements in the quality and productivity of 

manufacturing companies through the application of the DMAIC methodology. Ingar 

Medina (2024) showed that Lean Six Sigma contributes to reducing defects and 

increasing operational efficiency in metalworking organizations. Likewise, recent 

research in complex manufacturing environments has indicated that implementing tools 

such as 5S, Kaizen, VSM, and cellular manufacturing promotes process standardization, 

cost reduction, and increased productivity. 

Recent empirical evidence shows that small and medium-sized enterprises 

(SMEs) in the metalworking sector face recurring problems related to long setup times, 
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operational errors, rework, waiting times, unnecessary movement, and deficiencies in 

materials planning. These conditions reduce productivity, increase costs, and hinder 

meeting delivery deadlines. In a study conducted at a metalworking company, Ramírez-

Lozano and Avilés-Solano (2024) identified deficiencies in machine setup, operational 

errors, and inadequate inventory management. By integrating 5S, SMED, Kanban, Poka-

Yoke, and A3 reports, the proposed model increased productivity by 28%, reduced setup 

times by 30.11%, and decreased cycle time by 23.77%. These results demonstrate that 

operational failures are not isolated problems but are related to the absence of systematic 

mechanisms for organizing, measuring, and improving processes. 

Similarly, Costa et al. (2024) analyzed the production process of a company 

dedicated to the treatment and manufacture of metal parts. The diagnosis, using value 

stream mapping, showed a total production time of approximately 336 hours, while only 

21 hours corresponded to value-adding activities, representing an initial cycle efficiency 

of 6.29%. After implementing actions to reduce waiting times, waste, and unnecessary 

activities, the total time decreased to 318 hours, and efficiency increased to 7.15%. This 

study confirms that operational inefficiencies can remain hidden when the flow of 

materials, information, and activities is not documented. Therefore, it is necessary to use 

tools that allow for the visualization of bottlenecks and non-value-adding operations. 

Regarding industrial safety, machining and welding workshops present risks 

associated with the use of machinery, cutting tools, electrical energy, hot materials, 

radiation, noise, metal fumes, awkward postures, and manual handling of loads. An 

empirical study conducted with informal welders identified difficulties in complying with 

preventive practices and the presence of occupational hazards related to workplace 

conditions, equipment use, and the availability of protective measures. These results 

indicate that worker experience does not replace the need to conduct systematic risk 

assessments, establish safe procedures, and verify the proper use of personal protective 

equipment ( Mashimby et al., 2025). 

Safety is also directly related to order, cleanliness, and organization in the 

workplace. A systematic review by Suaña -Revilla et al. (2024), based on 40 scientific 

documents, found that Lean Six Sigma tools contribute to reducing time, waste, and 

defects in metalworking companies. The authors identified 5S as one of the most widely 

used tools in the sector because it facilitates the elimination of unnecessary materials, the 
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orderly storage of tools, the cleaning of areas, and the maintenance of standardized 

conditions. Evidence suggests that its application not only influences productivity but 

also reduces unsafe conditions caused by obstacles, disorganized materials, and poorly 

controlled workspaces. 

Regarding the lack of standardization, Garofolin-Lozano et al. (2023) identified 

problems in a metalworking company, including order fulfillment issues, shipping delays, 

warehouse disorganization, inadequate aisle design, and a lack of standardized work 

processes. To address these issues, they developed an integrated model incorporating 5S, 

standardized work, and systematic plant layout planning. Simulation validation showed 

an increase in service level from 75% to 91%, along with a reduction in travel distances 

and an improvement in 5S performance. The study demonstrates that documenting the 

sequence, method, resources, and time required for each activity reduces variability and 

facilitates meeting production requirements. 

Poor inventory management is also a major cause of operational disruptions. 

When materials, tools, spare parts, and consumables are not properly recorded or 

classified, shortages, emergency purchases, stockpiling, and prolonged search times can 

occur. Ramírez-Lozano and Avilés-Solano (2024) found that inadequate inventory 

planning negatively impacted production flow and order fulfillment. Implementing 

Kanban allowed them to link supply to the actual needs of the process, improve material 

visibility, and reduce delays caused by unavailability. 

Furthermore, plant layout determines travel distances, material flow, 

communication between areas, and worker exposure to hazardous conditions. Garofolin-

Lozano et al. (2023) found that inadequate warehouse and aisle design generated 

unnecessary travel distances and delays in order picking. Implementing systematic layout 

planning allowed for the reorganization of areas according to the relationship between 

activities and reduced movement effort. Therefore, plant redesign should not be limited 

to the physical relocation of equipment but should also consider process sequence, 

material handling, safety zones, and ease of supervision. 

Taken together, the reviewed studies show that operational deficiencies, safety 

risks, lack of standardization, insufficient inventory control, and inadequate plant layout 

are closely related. However, much of the available evidence comes from foreign 
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companies or from metalworking processes other than machining and welding to order. 

Consequently, there is a need to analyze these variables in an integrated manner. 

The La Huacana Machining and Welding Workshop, through a Lean Six Sigma 

approach that allows diagnosing the causes of variability, prioritizing risks, designing 

standardized procedures and formulating optimization actions in accordance with the real 

characteristics of the workshop. 

 

3.4 Legal framework 

 

The operation of the workshop must strictly comply with the occupational safety 

and health regulations established in Mexico by the Ministry of Labor and Social Welfare 

(STPS), as described in Table 1. 

 

Table 1 

Laws and Regulations. 

Laws/Regulations Description 

 

Federal Labor Law (LFT) 

In its articles 132 (sections XVI and XVII) and 512, the LFT 

specifies the employer obligations established in the regulations and 

official standards applicable to safety, health and the work 

environment. 

NOM-001-STPS-2018 

Buildings, premises, facilities and areas in workplaces - Safety 

conditions dictate critical guidelines that must be rigorously 

integrated into the layout phase: 

Transit areas and corridors Floors and walls 

Safe structures 

NOM-002-STPS-2010 Safety conditions for fire prevention and protection. 

NOM-017-STPS-2008 

 

Personal protective equipment - Selection, use and handling in the 

workplace 

Welding Processes: 

Machining Processes: 

NOM-027-STPS-2008 

 

Specific regulations for welding and cutting activities, safety and 

hygiene conditions 

NOM-035-STPS-2018 
Focused on the identification and prevention of psychosocial risk 

factors in the workplace. 

NOTE: Original work 

Source: Based on the Federal Labor Law (LFT), NOM-001-STPS-2018, NOM-002-STPS-2010, NOM-

017-STPS-2008, NOM-027-STPS-2008 and NOM-035-STPS-2018. 
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4 METHODOLOGY 

 

At the "La Huacana" Machining and Welding Workshop, an investigation is 

underway to identify and resolve the identified problem. This project will employ a 

mixed-methods approach, combining quantitative, explanatory, and descriptive research. 

It will integrate continuous improvement methodologies such as Lean Manufacturing, 

DMAIC, SMART objectives, and FMEA. The goal is to achieve stable, controlled 

processes with sustained improvement, as illustrated in Figure 1. 

 

Figure 1 

Integration of methodologies 

 
 

5 DMAIC METHODOLOGY 

 

This project utilizes the DMAIC methodology, which is the core of Lean Six 

Sigma. It is a data-driven continuous improvement cycle for eliminating defects and 

optimizing processes in a structured and statistical manner. Six Sigma is a methodology 

comprised of five phases: Define, Measure, Analyze, Improve, and Control, as shown in 

Figure 2. This figure represents the number of standard deviations obtained in the process 

output. Its objective is to increase process capability so that processes generate the fewest 

possible defects per unit produced. These defects must be corrected in a way that is 

imperceptible to the customer. 
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Figure 2 

DMAIC Methodology 

 
Note: Stages of the DMAIC Methodology 

Source: Based on Pyzdek and Keller (2021) 

 

6 SMART GOALS PLAN 

 

A SMART goals plan and diagnostic tools (checklists) will be developed, 

providing a solid foundation for advancing through the DMAIC cycle. Pyzdek and Keller 

(2021) indicate that the DMAIC methodology (Define, Measure, Analyze, Improve, and 

Control) is a structured Six Sigma approach focused on continuous process improvement 

by reducing variability and eliminating the root causes of problems. To optimize 

productivity, safety, and operational efficiency within the workshop, the following 

SMART goals plan has been structured Pyzdek y Keller (2021)  states that SMART goals 

constitute a methodology for formulating specific, measurable, achievable, relevant, and 

time-bound objectives, facilitating project planning, monitoring, and evaluation. This 

ensures that each established goal directly addresses the critical needs identified in the 

initial diagnostic assessment. The objectives designed to transform production areas 

through order (5S), safety compliance (PPE), strategic plant redesign (Layout), process 

standardization, and rigorous inventory control are detailed below, as shown in Figure 3. 
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Figure 3 

SMART Goals 

 
Note: Description of SMART goals 

Source: Based on Pyzdek y Keller (2021) 

 

6.1 Demaic methodology 

 

1. Define: The problem, the scope of the project, the objectives and the client's needs 

are identified through discussions with management. 

2. Measure: Data is collected on the current state of the process to establish a 

baseline and validate the accuracy of the measurement methods, with the 

application of NOMS measurement instruments, talks with personnel and 

observation of the work area. 

3. Analyze: The collected data is examined to discover the root cause of the failures 

or defects (using tools such as Pareto or Ishikawa diagrams, data analysis and 

observation). 

4. Improvement: Practical solutions are developed, tested, and implemented to 

correct the problem and optimize the process, including inventory control, plant 

layout, process standardization, signage, 5S, and personal protective equipment 

(PPE). 

5. Control: Monitoring systems and long-term control plans are established to 

ensure that improvements are maintained and to prevent relapses. 
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6.2 Define 

 

The SMART objective of Order and Cleanliness was defined (5S Methodology) 

Specific (S): The 5S methodology was implemented in the areas: production, 

warehouse, lathe, welding, painting and CNC machining) in order to clean, remove scrap, 

clear obstructed aisles and organize raw materials such as: bars, tubes, plastics, on suitable 

shelves. 

Measurable (M): Achieve 100% obstacle-free aisles and reduce accumulated 

waste (rubber, food waste, tires, wood) by 90% . 

Achievable (A): Allocating 10 to 15 minutes at the end of each workday for 

operators to keep their station clean and placing strategic trash cans. 

Relevant (R): Reduces the risk of falls due to slippery floors with oils or uneven 

surfaces and speeds up the flow of materials to internal and external customers. 

Time (T): Complete the deep cleaning and initial tidying within 3 weeks . 

 

6.3 Measure 

 

The SMART objective for safety and PPE compliance was defined 

Specific (S): In accordance with NOMS regulations and the proper use of 

approved personal protective equipment (PPE) required for each position (safety 

footwear, appropriate clothing, welding masks, among others), as well as training 

personnel on its mandatory use. 

Measurable (M): Achieve 100% compliance with regulations, ensuring that 

operators wear PPE correctly during their workday. 

Achievable (A): Through centralized equipment acquisition by workshop 

management and daily supervisory audits. 

Relevant (R): Directly mitigates the lack of PPE detected in the diagnosis and 

protects the integrity of operators against burr projections, heat and electrical risks. 

Time (T): Purchase and deliver the total PPE within a maximum period of 30 days  
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6.4 Design 

 

for plant layout design was defined. 

Specific (S): Design a new plant layout scheme focused on optimizing space 

through the implementation of manufacturing cells . 

Measurable (M): The redesign must be supported and visualized by a Flowchart. 

Achievable (A): It is feasible using classic Lean Manufacturing tools for the 

physical reconfiguration of workstations . 

Relevant (R): It will contribute to reducing "MUDAS" (waste due to transport 

and unnecessary movements) in machining and welding processes . 

Time (T): It must be completed and submitted during week 3 of the project . 

 

6.5 Analyze 

 

SMART Objective: Standardization of flows and mapping of processes 

Specific (S): Operational flows for the workshop areas were designed and 

formalized using flowchart tabs 

Measurable (M): 100% of the sequential steps of each process are graphically 

documented. 

Achievable (A): It is feasible because the critical sequential steps have already 

been fully identified. 

Relevant (R): It will eliminate the lack of standardized operating processes. 

Time (T): It should be completed and settled in week 3 of the project. 

 

6.6 Improve 

 

The SMART objective was established for the physical survey and cataloging of 

the stock. 

Specific (S): Perform a physical inventory of materials, tools, finished parts, and 

raw materials scattered around the workshop (such as metal bars and discarded tubes) and 

enter them into the control template. 
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Measurable (M): Register 100% of the codes, descriptions, categories, initial 

stock and define the Minimum Safety Stock for each item. 

Achievable (A): Feasible through physical collection and classification of 

materials. 

Relevant (R): Will change the status of the Dashboard designed for visual control 

and decision making. 

Time (T): It must be completed and uploaded to the system by week 3 of the 

project. 

 

6.7 Check 

 

The control phase corresponds to the final stage of the DMAIC methodology and 

aims to ensure that the implemented improvements are sustained over time through 

continuous monitoring of process performance. In this phase, control plans, performance 

indicators, and standardized procedures are established to detect deviations and maintain 

operational stability, thus guaranteeing the sustainability of the results obtained ( Pyzdek 

& Keller, 2024). To achieve this, the diagnostic phase is carried out to gain a 

comprehensive understanding of the workshop's current situation. 

Next, the SIPOC (Suppliers, Inputs, Process, Outputs, Customer) diagram is 

created according to Crosby (1989). This process modeling approach, from which the 

SIPOC diagram is derived, allows for the identification of suppliers, inputs, processes, 

outputs, and customers as fundamental elements for continuous improvement. It serves 

as the project's baseline map, visually identifying the source of resources and their final 

recipients. It establishes the information baseline that illustrates the relationship between 

external and internal suppliers and the workshop's operations, as shown in Figure 4. 
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Figure 4 

SIPOC Diagram 

 
Note : Stages Suppliers, Inputs, Process, Outputs, Customer 

Source: Based on Crosby (1989). 

 

6.8 Measure 

 

The Measure phase within the DMAIC methodology has the central objective of 

quantifying the current performance of the "La Huacana" workshop and establishing a 

solid baseline. To this end, a diagnostic assessment will be conducted, in accordance with 

the Federal Labor Law (LFT) and the Official Mexican Standards (NOM) of the Ministry 

of Labor and Social Welfare (STPS). 

To assess the workshop conditions, the current mandatory legal requirements are 

used as a frame of reference, as described in Table 1. 
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6.9 Analyze 

 

Based on the previously conducted assessments, information was gathered 

through necessary observations and interviews with workers at the "La Huacana" 

workshop. These interviews identified the main root causes of the risks, including lack of 

cleanliness, order, communication, and control. The initial analyses focused on the most 

relevant regulations, using questionnaires, tables, and specific points that must be met 

within the work areas. 

 

6.10 Safety conditions 

 

NOM-001-STPS-2018: Buildings, premises, facilities and areas in workplaces 

- Safety conditions 

Based on the standard, a checklist was created based on the requirements to 

determine what is compliant and what is not compliant in the workplace, addressing both 

general and specific provisions, as described in Table 2. 

 

Table 2 

Workplace safety requirements to be met according to NOM-001-STPS-2018. 

No. Requirement 
It 

fulfills 
Observations 

7.1 General provisions 

7.1.1 Maintaining order and cleanliness in work areas, as 

well as in exterior corridors of buildings, parking 

lots and other common areas of the workplace 

No Order and cleanliness are poor, and 

parking spaces are not marked. 

7.1.2 The production areas, maintenance areas, areas for 

the circulation of people and vehicles, risk zones, 

storage areas and service areas of the workplace, 

must be delimited in such a way that there are safe 

spaces for carrying out the activities. 

 

 

 

No 

The areas, machinery, and 

workstations are not delimited. 

7.1.3 Disabled workers have access to stairs, access 

routes, and workstations that facilitate their 

activities and movements. 

No They do not have disabled staff or 

the necessary accommodations. 

7.1.4 Stairs, ramps, ladders, bridges, and elevated 

platforms must be maintained in such a condition as 

to prevent workers from slipping when using them. 

No They are not suitable for work and 

are risky. 

 

 

 

7.1.5 Structural elements such as floors, bridges or 

platforms, among others, intended to support fixed 

Yeah The floor is mostly concrete; there 

are no bridges. 
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or moving loads, must be used for the purposes for 

which they were intended. 

7.1.6 Buildings and structural elements must support 

fixed or moving loads according to the nature of the 

activities carried out in them. 

Yeah The walls and ceilings demonstrate 

strength. 

7.2 Roofs 

to) Be made of materials that protect from external 

environmental conditions. 

 

No 

There are some sheet metal parts, as 

well as uncovered spaces that can be 

exposed to external factors 

b) To be used to support fixed or moving loads. Yeah It withstands the different cranes 

used in the process. 

c) Allow liquids to drain Yeah Although it also allows their entry. 

d) Withstand normal operating conditions. Yeah No complications were observed at 

the time, and it was also possible to 

perceive that it remained firm. 

7.3 Walls Yeah  

to) Stick to colors that avoid reflecting light. Yeah Colors like navy blue, gray, and 

white are among the recommended 

ones. 

b) Use to support loads only if they were intended for 

this purpose. 

Yeah Those intended for doors and stairs 

are in good condition. 

c) Implement safety measures, such as protection and 

signage of risk areas. 

 

No 

There are only a few small, barely 

noticeable signs. 

7.4 Floors 

to) Maintain conditions that are appropriate to the type 

of activities being carried out. 

No They are not in suitable condition; 

there are uneven parts that can hinder 

the work. 

b) Stay put so that any potential pooling of liquids does 

not create a risk of falls or slips. 

No There are uneven surfaces or small 

pits that cause stagnation. 

c) Be level in areas for pedestrian traffic. No The place they most frequently travel 

through is on a slope. 

d) Have protective measures in place, such as 

temporary fences or removable railings, when there 

are temporary openings. 

 

 

 

They don't count on it. 

and) Have signage in accordance with NOM-026-STPS-

1998. 

No There are only a few small ones that 

are not noticeable. 

7.5 Stairs 

to) Maintain a constant width of at least 56 cm in each 

straight section, and in that case, indicate the 

prohibition of simultaneous contraflow traffic. 

 

 

Yeah 

They are above the minimum width, 

although they do not comply with the 

flow signaling. 

b) When they have rest areas, at least 56 cm for those 

with straight sections, and at least 90 cm for those 

with a wider width. 

No There are two that do not meet the 

rest size requirement. 

c) All treads on straight stairs must have the same 

width and risers the same height. 

No There are some in the background 

that are of different sizes. 

d) In spiral staircases, the riser height must always be 

the same. 

 They do not have this type of 

staircase. 

and) The treads of the steps in their straight sections must 

have a minimum length of 25 cm and a height no 

greater than 23 cm. 

Yeah Only the stairs near the warehouse 

are not suitable for the 

measurements. 

F) The free distance of any step, including the first and 

last, must be greater than 200 cm 

Yeah The free distance requirement is 

perfectly met. 

g) The treads of the steps must have non-slip 

materials. 

 

No 

None of them have that material. 

7.5.1 Exterior emergency stairs They do not have emergency stairs 
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to) To have a straight design in its sections or stretches.   

b) To be operated without any means that obstruct or 

hinder. 

  

c) Each floor should have direct access to them 

through an exit door. 

  

d) Design that facilitates the drainage of any liquid that 

may fall and prevents accumulation. 

  

and) The floors and footprints should be resistant and 

made of non-slip material. 

  

F) Be permanently fixed on all floors except the 

bottom one. 

  

g) Be signposted at their entrances in accordance with 

the provisions of NOM-026-STPS-1998. 

  

h) Having access doors that are regularly maintained.   

Yo) Their access doors must open in the normal 

direction of people leaving. 

  

j) Its locks should open easily from the inside.   

k) It must have its own automatic closure and allow 

free flow. 

  

7.5.2 Staircases with railings and open spaces 

to) The handrail should be at a height of 90 cm ± 10 

cm. 

No There are some stairs that do not 

have handrails. 

b) The railings at an intermediate distance between the 

railing and the parallel. 

No Social distancing is not being 

respected. 

c) If a railing is not installed, install balusters on each 

step. 

No It does not have the necessary 

balusters. 

d) Handrails should be continuous, smooth, and 

polished. 

No Two staircases do not meet the 

required handrails and features. 

and) For handrails attached to the wall, secure them 

using anchors at the bottom. 

Yeah All that remains is to review the 

firmness and support. 

F) The anchors referred to in the previous section must 

be embedded in the wall and have sufficient length 

with a free space of 4cm. 

Yeah They are in agreement. 

g) When stairs are 3 meters or wider, have a handrail 

at the middle and at the ends. 

 

 

They do not have stairs of 3m or 

more. 

h) When stairs are enclosed by walls on both sides, 

they must have handrails. 

 

No 

These stairs do not have handrails. 

Yo) Stairs or pedestrian ramps that connect all levels 

between levels. 

 

Yeah 

With the ones you have, you connect 

what's necessary. 

7.6 Ramps 

to) The loads that pass through them must not exceed 

the resistance for which they were intended. 

 

Yeah 

They have small ones, but they seem 

to meet the resistance requirements. 

b) They must not have deformations that generate 

risks. 

No It is possible to observe that they 

present inconsistencies in form. 

c) Usage: worker traffic maximum 10% and for 

maintenance maximum 17%. 

YEAH They are moving around properly. 

d) They must be wide enough to go up and down. No Its width is suitable for a single 

action 

and) When intended for vehicle traffic, the width must be 

more than 60 cm wider than the largest vehicle. 

 

Yeah 

They usually maneuver with small 

cargo vans and forklifts. 

F) When the height between the upper and lower levels 

exceeds 150 cm, a railing must be provided. 

 

 

 

They don't count on it. 

g) When enclosed by walls on both sides, they must 

have at least one handrail. If it is only for vehicles, 

it does not count. 

 

 

 

They don't count on it. 
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h) Free distance from any point greater than 200 cm 

and for vehicles take into account the highest plus 

30 cm as a minimum. 

 

Yeah 

They have adequate clearance. 

Yo) Open areas must have baseboards of at least 10 cm.  They don't count on them. 

7.7 Stairs 

7.7.1 Fixed stairs 

to) They must be made of materials whose mechanical 

resistance is capable of withstanding the loads. 

Yeah They are capable of resisting. 

b) The anchors must be sufficient to support the 

weight of the workers. 

Yeah These are suitable anchors. 

c) Where required, there should be indications 

regarding restrictions on its use. 

 

No 

They do not have any directions. 

d) They must have a minimum width of 40 cm, and 

when their height is greater than 250 cm the 

minimum width will be 50 cm. 

Yeah It meets the appropriate dimensions. 

and) The distance between steps should not be greater 

than 38 cm. 

Yeah They do not exceed the appropriate 

size. 

F) The separation between the front of the steps and 

the objects closest to the side of the ascent must be 

at least 75 cm. 

No There are obstacles present on some 

stairs. 

g) On the opposite side from the ascent, the distance 

between the steps and protruding objects must be at 

least 20 cm. 

No Objects that are too prominent or out 

of place are also present. 

h) They must have free spaces of at least 18 cm. Yeah Only in one case is it possible that it 

will not meet the minimum distance. 

Yo) When measuring the inclination of the scale, it 

should be between 75 and 90 degrees. 

Yeah It is noticeable to the eye. 

j) They must have surrounding protection of a 

diameter of dimensions that allows the ascent and 

descent of workers. 

 

 

No 

There are some stairs that do not 

meet the necessary protection 

standards. 

k) When the height is greater than 6 m, it must allow 

the use of safety devices, such as a lifeline. 

 

 

 

The height does not exceed 6 m. 

l) They must have rest areas at least every 10 m of 

height, with a railing at least 90cm high. 

 

 

 

They don't count on it. 

m) Lateral structures for supporting the steps must 

extend above the last access level of the ladder by 

at least 90 cm. 

 

 

Yeah 

They are well placed. 

n) whose steps are hooks embedded or welded 

alternately on both sides of the poles that support 

telephone or electric power cables. 

No It does not fully meet the conditions, 

such as in the material, the 

smoothness and distances. 

7.7.2 Mobile ladders (portable ladders). 

7.7.2.1 Mobile ladders must comply with the dimensional 

requirements established for fixed ladders, with 

regard to width, clearances and distances between 

steps. 

No They are held up by a piece that 

would fall if moved. 

7.7.2.2 The slides and guides on which the mobile ladders 

that have them move must be able to withstand 

loads. 

No They look unstable and unable to 

support weight. 

7.7.2.3 The separation of the support point of the ladder at 

its base with respect to the vertical corresponds to a 

minimum equivalent distance of one step for every 

four steps of height. 

 

 

No 

It is possible to observe that they 

arrange it differently, so that it does 

not move completely when going up. 

7.7.2.4 The use of sliding scales should only be permitted 

when they present: 
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 Safety conditions in its structure, Complete and 

fixed steps, Non-slip materials or features, Grease-

free steps. 

No It does not have non-slip material, 

and some steps are often greasy. 

7.7.2.5 When carrying out electrical work, the use of 

mobile ladders made of metallic material is 

permitted, provided they are insulated at their 

supports and rungs. 

No They have no insulation or support. 

7.7.2.6 Mobile ladders must have elements that prevent 

slippage at their support point or, where 

appropriate, be anchored or secured. 

 

No 

Only one piece was placed on one 

side. 

7.8 Bridges and elevated platforms They do not have bridges and 

platforms. 

7.8.1 When open on their sides, they must have railings 

at least 90 cm ± 10 cm high. 

  

7.8.2 The free distance measured on the floor surface of 

passageways or elevated platforms must be at least 

200cm 

  

8 Safety conditions in the operation of artificial 

ventilation systems 

 

No 

They are located in inconvenient 

places, and there is a table right next 

to them. 

8.1 The extracted air must not contaminate other areas Yeah They have climate control in certain 

areas. 

8.2 The system must start operating before workers 

enter the area. 

 

Yeah 

They turn it on earlier in some cases, 

and the machinery they have needs 

it. 

8.3 Have an annual preventive or corrective 

maintenance program. 

 

Yeah 

They mention that it is 

approximately every 6 months. 

9 Safety requirements for vehicle traffic 

9.1 The width of the gates where vehicles circulate 

must be greater than the width of the largest vehicle 

that circulates through them. 

 

Yeah 

Vans and forklifts are commonly 

seen. 

9.2 At least one sign prohibiting simultaneous transit 

must be placed. 

No It lacks the necessary signage. 

9.3 Internal vehicle traffic areas must be delimited or 

marked. External areas must be identified or 

marked. 

No They are not delimited or signposted. 

9.4 Loading and unloading areas must be delimited or 

marked. 

No They do not present. 

9.5 Railway tracks located within workplaces must 

have signage. 

  

They don't count on it. 

9.6 The floor level on both sides must allow the passage 

of vehicles. 

 They don't count on it. 

9.7 Switches must have the appropriate signage to 

indicate their position 

  

They don't count on it. 

9.8 The following measures must be taken during 

vehicle loading and unloading operations: 

  

They don't count on it. 

to) To brake and lock the wheels of vehicles when they 

are stopped. 

  

They don't count on it. 

b) In the case of loading and unloading docks for 

trailers or tank trucks, block at least one of the 

wheels on both sides of the vehicle and place an 

anvil to immobilize it when it is being loaded or 

unloaded. 

  

 

 

They don't count on it. 

9.9 The maximum speed limit for vehicles must be 

indicated in loading and unloading zones, 

maneuvering yards, establishments, and other areas 
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according to the type of activities carried out there, 

in order to ensure the safe movement of workers, 

external personnel, and vehicles. 

 

No 

They lack appropriate signage. 

Note: Original work. 

Source: Based on NOM-001-STPS-2018 

 

The diagnostic results show that the workshop has a low level of compliance with 

the safety requirements established by NOM-001-STPS-2008. The main deficiencies are 

not related to the building's structural integrity, but rather to safety management, order 

and cleanliness, signage, area demarcation, and the flow of people and equipment. These 

conditions increase the likelihood of workplace accidents and negatively impact the 

workshop's operational efficiency. 

The key findings of the diagnosis are described in Table 3. 

 

Table 3 

Important findings to highlight regarding compliance with NOM-001-STPS-2018. 

Priority Find Risk level 

1.  Lack of signage and demarcation Very high 

2.  Damaged floors and uneven surfaces Very high 

3.  Stairs without handrails or non-slip surfaces Very high 

4.  Poor organization and cleanliness High 

5.  Uncontrolled vehicle traffic High 

Note: Information obtained through our own research. 

Source: Based on NOM-001-STPS-2018 

 

6.11 Fire prevention and protection conditions 

 

Subsequently, the risks of the workshop were evaluated based on NOM-002-

STPS-2010 conditions of prevention and protection against fires in accordance with 

current mandatory legal requirements; the findings are described in tables 4, 5, and 6. 
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Table 4 

Safety Instructions. 

Requirement It fulfills It does not 

comply 

N/A Observations 

There are safety instructions 

for each area. 
 ✓  

  

The instructions are available 

for the workers. 
 ✓  

  

There are procedures for hot 

work. 
 ✓  

  

Compliance with the 

instructions is monitored. 
 ✓  

  

Note: Information obtained through our own research. 

 

The findings are described in Table 6 Fire Extinguisher Review Program and Table 

7 Firefighting Equipment and Systems. 

 

Table 5 

Fire Extinguisher Inspection Program. 

Requirement It fulfills 
It does not 

comply 
N/A Observations 

There is an annual program 

of monthly review. 
✓   

  

The fire extinguishers are 

correctly located. 
 ✓  

  

They are visible and 

accessible. 
 ✓  

  

They are signposted.  ✓    

They show no physical 

damage. 
✓   

  

The labels are legible. ✓     

Note: Obtained through own elaboration. 

 

Table 6 

Firefighting Equipment and Systems. 

Requirement It fulfills 
It does not 

comply 
N/A Observations 

There is an annual review 

program. 

✓     

Detectors and alarms are 

checked. 

  ✓   

Damaged equipment is 

serviced. 

✓     

Note: Obtained through own elaboration. 
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The findings regarding the electrical installations are described in Table 8 and the 

gas installations in Table 9. 

 

Table 7 

Electrical Installations. 

Requirement 
It 

fulfills 

It 

does not 

comply 

N/A Observations 

There is an annual 

review program. 

✓     

There are no 

overloads or improvised 

connections. 

✓     

The detected 

damage has been 

corrected. 

✓     

Note: Obtained through own elaboration 

 

Table 8 

Gas Installations 

Requirement It fulfills 
It does not 

comply 
N/A Observations 

There is an annual review 

program. 

✓     

The installation is intact.  ✓    

The signage is visible and 

legible. 

✓     

Note: Obtained through own elaboration. 

 

The findings regarding safety signage are described in Table 9, and the evacuation 

routes are described in Table 10. 

 

Table 9 

Safety Signage. 

Requirement It fulfills 
It does not 

comply 
N/A Observations 

There is a No Smoking sign.  ✓    

There is a sign prohibiting 

open flames. 

 ✓    

The elevators have a "Do Not 

Use in Case of Fire" sign. 

 

  ✓   

Establish access controls for 

workers and other people. 

✓     
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Adapt safety measures to 

prevent the generation of static 

electricity (flammable 

materials area). 

 ✓    

It has safety procedures for the 

use of heat sources 

(flammable materials area). 

 ✓    

Access to firefighting 

equipment is not obstructed. 

 ✓    

It has normal and/or 

emergency exits. 

✓     

Note: Obtained through own elaboration. 

 

Table 10 

Evacuation Routes. 

Requirement It fulfills It does not 

comply 

N/A Observations 

The routes are signposted. ✓     

They are free of obstacles. ✓     

Emergency lighting is 

available. 

✓     

Note: Obtained through own elaboration. 

 

The findings of the emergency exits are described in Table 11 and in Table 12 fire 

extinguishers and finally in Table 13 Maintenance and recharging of fire extinguishers. 

 

Table 11 

Emergency Exits. 

Requirement It fulfills 
It does not 

comply 
N/A Observations 

The exits are identified. ✓     

The doors open in the 

direction of evacuation. 

✓     

There are no locks or blocks. ✓     

Note: Obtained through own elaboration. 
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Table 12 

Fire extinguishers 

Requirement It fulfills 
It does not 

comply 
N/A Observations 

They correspond to the 

type of fire. 

✓     

The required quantity is 

met. 

✓     

The installation height is 

adequate. 

 ✓    

Note: Obtained through own elaboration. 

 

Table 13 

Maintenance and Refilling. 

Requirement It fulfills 
It does not 

comply 
N/A Observations 

Annual maintenance is 

performed. 

    

The recharge is done after 

use. 

✓     

The removed fire 

extinguishers are 

temporarily replaced. 

 ✓    

Note: Obtained through own elaboration. 

 

With the implementation of the NOM-001-STPS-2018 standard, we observed that 

the La Huacana workshop has certain shortcomings in complying with its established 

guidelines. To begin managing and controlling the personal protective equipment (PPE) 

available in the workshop, we used NOM-017-STPS-2008, Personal Protective 

Equipment: Selection, Use, and Handling in the Workplace, as a reference. Based on 

Table A1, we will determine the PPE required by each operator according to their work 

area. 

 

6.12 Protective equipment 

 

Subsequently, the PPE Matrix was created, which contains the job positions 

located in the "La Huacana" workshop, as well as the necessary PPE according to the 

reference standard NOM-017-STPS-2008. 

Figure 5 describes the protective equipment matrix according to NOM-017-STPS-

2008. 
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Figure 5 

Protective equipment matrix. 

 
 

Based on the PPE matrix, it was possible to determine the equipment that each 

worker must have according to NOM-017-STPS-2008. In this case, we interviewed the 

workers to learn about the equipment they possessed. It is also important to note that some 

workers did not have the required equipment to perform their work safely, and others, 

despite having the equipment, did not use it. 

 

6.13 Psychosocial and ergonomic risk factors 

 

The application of NOM-035-STPS-2018, the standard for psychosocial risk 

factors, at the "La Huacana" workshop allowed for the evaluation of key aspects such as 

workload, lack of control over activities, work schedules, and the presence of negative 

leadership or occupational hazards. The aim was to identify workplace stress, as these 

factors directly impact operational efficiency and productivity. The goal is to mitigate 

workplace stress and transform the environment into a safe space that fosters a balance 

between family and work life, which in turn directly impacts the reduction of operational 

errors and the increase in overall productivity. 

The content of this guide is intended to complement and enhance understanding 

of NOM-035-STPS-2018. It is not mandatory and may be used by workplaces with up to 

50 employees. The identification and analysis of psychosocial risk factors referred to in 
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section 8.1, subsection a) of this standard may be carried out using the questionnaire in 

Reference Guide II, taking into account working conditions, as well as the amount and 

pace of work. 

Once the results were obtained, a Pareto chart and the frequency distribution of 

the survey were prepared, aligned with NOM-035-STPS-2018, to identify the 80/20 

causes. It is concluded that 80% of the psychosocial risk burden in the workshop is 

concentrated mainly in two critical regulatory points: Conditions in the Work 

Environment (Safety) and Workloads (Mental and Focus Demands), as described in 

Figure 6 

 

Figure 6 

Pareto chart. 

 
 

Unsafe conditions and fear of accidents: The item "I'm worried about having 

an accident at work" is one of the most frequent responses. The physical deficiencies of 

the workshop (such as oil spills, obstructed aisles, and a lack of adequate Personal 

Protective Equipment) are directly impacting the psychological health of the workers, 

generating high levels of stress, anxiety, and job insecurity. 

Mental overload and simultaneity: The item "My job requires me to attend to 

several matters at the same time" shares the highest priority, followed very closely by the 

need to "memorize a lot of information" and "be very focused." 

As shown in Figure 7, it is necessary to formally define job descriptions and 

establish a single, direct command channel for operators. This will eliminate significant 
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problems with leadership consistency and communication channels, cross-commands, 

and will prevent downtime or rework caused by performing activities perceived as 

unnecessary. 

 

Figure 7 

Employee activities and responsibilities. 

 
 

As can be seen in Figure 8, the perception of the employees is that they have 

relative clarity in their daily tasks, but access to training is nil, and the little information 

they receive is not training-related. 

 

Figure 8 

Training and information you receive about your work. 
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Figure 9, which focuses on relationships with colleagues and managers, highlights 

the very positive aspect that staff feel they can express themselves freely and without 

interruption at work. Dialogue and open communication are the organization's strongest 

pillars. The second largest section demonstrates a strong team spirit. Employees perceive 

that their colleagues actively collaborate on teamwork and offer support when difficulties 

arise. 

There is a weakness in the relationship of trust and leadership; although there is a 

functional and mutually supportive work environment, there is a lack of deep trust and a 

more present or empathetic leadership. 

 

Figure 9 

Relationship of Trust and Leadership. 

 
 

Items associated with serious communication problems or negative group 

dynamics show a tendency toward "Never" or "Almost never," which is favorable. The 

risk factor is centered on physical exertion, the high concentration required 

uninterruptedly, and the perception of a lack of growth; these are the critical points that 

are increasing stress in the evaluated sample. 
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7 ISHIKAWA DIAGRAM 

 

Figure 10 shows an Ishikawa diagram used to identify the possible causes of 

accidents in the lathe, boring, CNC machining, and warehouse processes at the "La 

Huacana" workshop, with the aim of reducing and preventing accidents.
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Figure 10 

Ishikawa diagram 
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8 PROPOSAL 

 

As a result of the diagnosis and the analysis stage, the proposal begins with the 

application of the 5W2H tool, for the planning and management of the monitoring of the 

action plans, as described in table 14 order and cleanliness and table 15 Safety, PPE and 

Signage. 

 

Table 14 

Cleaning and Order (5S). 

Dimension Description 

What ? 
Implement a strict cleaning campaign, removing burrs, debris, spilled oils, 

organizing shelves, and clearing aisles. 

Why? 
Eliminate contamination, mitigate the risk of falls due to slippery floors, 

and prevent accidents while walking through the workshop. 

Who? All operational staff and train drivers responsible for their station. 

Where ? 
In all areas of machining, lathes, warehouse, dining rooms and general 

corridors. 

When ? 
Daily and frequently; allocating 10 to 15 minutes before the end of the 

workday. 

How? 
By placing strategic trash cans, sweeping up debris at the beginning or end 

of shifts, and sorting bars, tubes, and materials on their respective shelves. 

How much ? 
Low investment (cost of garbage containers, additional shelving and labor 

time invested). 

 

Table 15 

Safety, PPE and Signage. 

Dimension Description 

What ? 
Provide Personal Protective Equipment (PPE), ensure appropriate staff 

attire, and place regulatory safety and area identification signage. 

Why? 
Protect the physical integrity of the worker, mitigate risks and comply with 

safety regulations (such as NOM-002-STPS-2010). 

Who? 
Administration / Workshop Management: Provide equipment and signage. 

Operators: Wearing PPE is mandatory. 

Where ? 
Operational areas, stairs, cranes, tanks, parking and containers of 

chemicals or solvents. 

When ? 
Purchase and immediate placement (high priority due to risk of workplace 

accident). 

How? 
Acquiring appropriate footwear and clothing; using perimeter tape to 

delimit areas; identifying pipes, tanks, and safety diamonds in solvents. 

How much ? 
Moderate investment (purchase of uniforms or necessary PPE, traffic 

paint, signage and safety labels). 
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9 FMEA METHODOLOGY 

 

The application of the FMEA methodology, which allows the analysis of the 

failure mode and effect, constitutes a widely used preventive tool to identify, evaluate and 

prioritize the risks present in production processes before they cause accidents, material 

losses or damage to quality. 

The FMEA Methodology in the main processes of turning, boring, CNC 

machining and warehousing. 

For each process, the critical stages were identified in order to create diagrams 

that helped us identify potential failure modes, their effects on personnel safety and 

operations, as well as potential causes and existing controls. Subsequently, the Risk 

Priority Number (RPN) was calculated, allowing us to establish an order of priority for 

implementing preventive and corrective actions. 

The diagram in Figure 11 shows that the process involves several critical activities 

related to the assembly of parts, the operation of machinery, and the verification of the 

product, making it essential to establish preventive controls that minimize the possibility 

of accidents and operating errors. 

 

9.1 Methodology for Risk Analysis in the Lathe Process 

 

The risk analysis methodology is applied to identify, assess, and control hazards 

associated with machining and welding activities by determining the probability and 

severity of potential events. Its implementation allows for the establishment of preventive 

measures aimed at reducing accidents, minimizing operational losses, strengthening 

occupational safety and health, and ensuring the continuity of production processes. 

Furthermore, it contributes to compliance with current regulations and the continuous 

improvement of industrial operations. Figure 11 describes the analysis in the lathe 

process.
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Figure 11 

Methodology for Risk Analysis in the Lathe Process. 
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Note: Information obtained through our own research.
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In the FMEA analysis of the lathe process, the most significant risks were 

observed, concentrated in activities related to cleaning and organizing the work area 

(NPR=210). Risks associated with operator inexperience and the omission of procedures 

before starting machining were also identified. These results indicate that most risks 

originate from human factors, the absence of standardized procedures, and deficiencies 

in the safety culture. 

 

9.2 Methodology for Risk Analysis in the Boring Process. 

 

Figure 12 describes the analysis in the boring process.
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Figure 12 

Methodology for risk analysis in the boring process.  
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Note: Information obtained through our own research.
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The analysis shows that the highest priority risks are failure to report machinery 

malfunctions (NPR=245) and lack of order and cleanliness at the end of the operation 

(NPR=210). Risks stemming from incorrect part placement and improper equipment 

shutdown are also significant. Overall, these results indicate that the main problems are 

related to operational behavior and adherence to established procedures. 

 

9.3 Methodology for Risk Analysis in the CNC Machining Process. 

 

Figure 13 describes the analysis in the machining process.
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Figure 13 

Methodology for Risk Analysis in the CNC Machining Process. 
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Note: Information obtained through our own research.
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The FMEA of the CNC process identifies incorrect workpiece clamping as the 

most critical risk, with a Risk Priority Number (RPN) of 392, the highest value found. 

This is followed by incorrect tool setup (RPN=252), starting the machine without 

verifying preconditions (RPN=210), and premature removal of the workpiece 

(RPN=196). These results show that pre-machining activities represent the greatest 

potential risk, as an error in setup can cause equipment damage, material waste, and 

accidents for the operator. 

 

9.4 Methodology for risk analysis of the warehouse operations flow process 

 

The warehouse flow diagram represents the movement of materials from receipt 

to delivery to different work areas, allowing the identification of points where 

administrative errors and risks to personnel can occur, as shown in Figure 14.



 46  OPERATIONAL OPTIMIZATION PROPOSAL FOR THE LA HUACANA MACHINING AND WELDING WORKSHOP UNDER THE LEAN SIX SIGMA APPROACH  

 

Veredas do Direito, v.23, e238150 – 2026 

 

Figure 14 

Methodology for risk analysis of the warehouse operations flow process. 
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Note: Information obtained through our own research.
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The warehouse analysis shows that the greatest risks are related to the continued 

improper storage of materials (NPR=343) and the lack of order and cleanliness in the 

warehouse (NPR=343). Other high risks include storage without a defined location 

(NPR=252), inadequate inventory updates (NPR=252), and errors in receiving records 

(NPR=210). These results indicate that the main problem in the warehouse is a lack of 

organization, which can lead to accidents, material losses, and operational delays. 

 

10 CRITERIA FOR FAILURE MODES AND EFFECTS ANALYSIS (FMEA) 

 

The criteria sheet according to Eider Fortea establishes the scale used to evaluate 

the severity, occurrence and detection of each failure mode, as shown in Figure 15. These 

criteria allow calculating the Risk Priority Number (RPN) and objectively establishing 

which risks require immediate attention. 

 

Figure 15 

FMEA criteria. 

 
Note: Information obtained through our own research. 

 

11 IMPROVE 

 

This stage aims to transform the current state of a process. The improvement 

strategy has been structured from a comprehensive approach, encompassing everything 

from resource management to the physical reconfiguration of the workspace. The actions 

implemented include a system that guarantees material availability, reducing costs 
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associated with excess inventory; the development of process diagrams; standardization 

and a 5S culture; plant layout and flow diagrams; and improved safety and ergonomics 

through signage to reduce the risk of accidents and streamline daily operations. 

The diagram shows that the process involves several critical activities related to 

the assembly of parts, the operation of machinery, and the verification of the product, 

making it essential to establish preventive controls that minimize the possibility of 

accidents and operating errors. 

 

11.1 Lathe flowchart 

 

The lathe process flow diagram is a graphical tool that allows the sequential 

representation of the activities involved in the manufacture and repair of mechanical parts. 

Its application facilitates the identification of critical process stages, the detection 

of areas of opportunity and the standardization of operations, contributing to the 

optimization of resources, the reduction of unproductive times and continuous 

improvement within the machining and welding workshop, as shown in Figure 16. 

  



 50  OPERATIONAL OPTIMIZATION PROPOSAL FOR THE LA HUACANA MACHINING AND WELDING WORKSHOP UNDER THE LEAN SIX SIGMA APPROACH  

 

Veredas do Direito, v.23, e238150 – 2026 

 

Figure 16 

Lathe flowchart. 

 
Note: Information obtained through our own research. 

 

11.2 Boring flowchart 

 

The boring process flowchart shows the sequence of operations required to ensure 

the internal machining of the parts. Its development allowed for the identification of 

activities with the highest potential for operational errors and risks to the worker , as 

described in Figure 17. 
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Figure 17 

Boring flowchart. 

 
Note: Information obtained through our own research. 

 

11.3 CNC Machining Flowchart 

 

The flowchart describes the different stages required to perform machining using 

computer numerical control, from equipment preparation to final cleaning. Due to the 

degree of automation in the process, it is essential to verify the programming and 

operating conditions beforehand, as described in Figure 18. 
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Figure 18 

CNC Machining Flowchart 

 
Note: Information obtained through our own research. 

 

11.4 Warehouse flowchart 

 

The warehouse flow diagram represents the movement of materials from receipt 

to delivery to different work areas, allowing the identification of points where 

administrative errors and risks to personnel can occur, as shown in Figure 19. 

 

Figure 19 

Warehouse flowchart. 

 
Note: Information obtained through our own research. 
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11.5 Plant layout 

 

Subsequently, the layout of the "La Huacana" Workshop was carried out in the 

machining and welding area, as shown in Figure 20. 

 

Figure 20 

Current layout of the La Huacana Machining and Welding Workshop. 

 
Note: Information obtained through own elaboration 

 

The plan shows the current physical layout of the La Huacana Machining and 

Welding Workshop, identifying the main functional areas, machinery, equipment, storage 

areas, and spaces designated for administrative and service activities. This plan serves as 

the basis for analyzing material flow, personnel movement, identifying operational risks, 

and evaluating improvement opportunities using industrial engineering tools such as the 

Spaghetti Diagram, FMEA, and the 5S methodology. However, during the analysis and 

development of this plan, opportunities for improvement related to space organization 

were identified. Some work areas have long paths between processes, materials and 

machinery coexist without clearly defined physical boundaries, and storage areas are 

distributed throughout the workshop. 

 

11.6 Route diagram 

 

The flow diagram, also known as a spaghetti diagram, graphically represents the 

path followed by the operator, materials, or parts during the execution of a process within 
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the workshop. In this case, it was created for one of the parts being worked on at the time, 

as shown in Figure 21. 

 

Figure 21 

Flowchart (Spaghetti) of the work process on a piece. 

 
Note: Information obtained through own elaboration 

 

According to the information, lathe operators do not work on the same lathe; they 

typically change work areas depending on the part. The diagram does not fully show the 

machinery and other objects involved in the process and workflow, so it is important to 

highlight the opportunities for improvement: the length of the routes, the crossings 

between operational areas, and the scattered location of some resources increase operating 

times, generate activities that do not add value, and increase workers' exposure to risks 

while performing their tasks. 

 

11.7 Area analysis 

 

To prevent accidents among operators and minimize risks within the workshop, 

several causes were identified at first glance. The most common ones are waste, tools out 

of place, accumulation of waste, non-functioning machinery, obsolete parts, lack of order 

and cleanliness, which are shown in Figure 22, marked with red ovals. 
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Figure 22 

Areas to be addressed in the workshop. 

 
Note: Information obtained through our own research. 

 

It is important to point out and address the following observations described in 

Table 16. 

 

Table 16 

Area of opportunity. 

Areas of opportunity 

1. All machining areas must be cleaned and cleared. 

2. Remove trash from machines, workbenches, and lathes. 

3. Clean the table where food is eaten, as well as clear the area of anything that is not useful. 

4. Arrange the metal bars so that they are not scattered throughout the hallways. 

5. The shelves need to be tidied, cleaned, arranged, and have what is needed to work during the 

day. 

6. Clean the lockers, removing all magazines, plans, speakers, and trash that can be found in them. 

7. Designate spaces for tools, workpieces, finished parts, PPE, and machinery. 

8. Clear the corridors, discarding what is no longer useful and checking that nothing left behind 

could cause an accident when passing through. 

9. Remove the wood from the tempering area and place it neatly in the right corner of the 

workshop. 

10. In the right corner of the workshop, you need to arrange the materials you have, and discard 

any sacks and trash you can find. 

11. Clean and organize the things located above the warehouse. 

12. Remove any tires and trash found under all staircases. 

13. Place non-slip material on the steps, clean them and check that they do not have irregularities 

or deformities to avoid accidents. 

14. Clean the substation area, clear the door and corridor leading to it. 

15. Maintain the workers' restroom. 

16. Arrange the materials on the shelves. 

17. Keep offices, work tables in CNC machining areas clean and avoid food piles. 

18. Check the containers in the workshop, discarding those that are no longer useful and relocating 

those that are exposed to direct sunlight and heat. 

19. Define the parking area, leaving a space for motorcycles that may be in the workshop. 

20. Operators must keep their work area clean, tidy, and clear. 
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To improve the operational efficiency of the "La Huacana" Machining and 

Welding Workshop, a new plant layout proposal was developed based on the 

manufacturing cell methodology. This redesign aims to organize machinery, work areas, 

and resources according to the logical sequence of the production process, reducing 

unnecessary travel, transportation times, and non-value-adding movements, as described 

in Figure 23. 

 

Figure 23 

Plant layout redesign with manufacturing cells. 

Note: Information obtained through our own research. 

 

The proposal involves organizing the workshop into six manufacturing cells: 

Turning, Cutting and Milling, Precision Turning, Finishing and Inspection, CNC 

Machining, and Drilling, enabling a continuous production flow and facilitating visual 

control of each stage of the process. The goal is to optimize operations for the "La 

Huacana" machining and welding workshop. 
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11.7 Inventory control 

 

A digital template was also designed for inventory control, with the purpose of 

efficiently managing the stock of raw materials, tools, consumables, and spare parts used 

in workshop activities. This template was developed in Microsoft Excel and consists of 

four worksheets: Inventory, Transactions, Suppliers, and Dashboard. These are linked to 

facilitate the recording, updating, and retrieval of information related to the materials used 

during operations, as shown in Figure 24. 

 

Figure 24 

Inventory control template part 1. 

 
Note: Obtained through own elaboration 

 

The Inventory sheet compiles general information for each item, including its 

identification, description, category, stock level, cost, and other data necessary for 

materials control. The Movements sheet allows you to record inventory entries and exits, 

generating a history that facilitates tracking consumption and product availability. 

Meanwhile, the Suppliers sheet stores supplier information, streamlining purchasing 

management and ensuring timely material supply. 

Figure 25 describes inventory control part 2. 
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Figure 25 

Inventory control template part 2. 

 
Note: Obtained through own elaboration 

 

Figure 26 describes inventory control part 3. 

 

Figure 26 

Inventory control template part 3. 

 
Note: Obtained through own elaboration. 
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11.8 Dashboard 

 

The dashboard integrates key indicators that allow visualization of inventory 

behavior in real time, facilitating stock monitoring, identification of variations and 

decision-making aimed at optimizing the management of materials and resources of the 

“La Huacana” Workshop , as described in figure 27. 

 

Figure 27 

Dashboard presents indicators that allow visualization of inventory behavior and support 

decision-making. 

 
Note: Obtained through own elaboration. 
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12 CHECK 

 

The final phase is to ensure that the implemented operational, safety, and 

inventory improvements are maintained over time, preventing a return to the previous 

state; therefore, the activities to be controlled are the following: 

a) Control Plan for the Standardization of Operations (Reduction of 

Variability) 

Given that operational inconsistencies were detected due to a lack of job 

descriptions, cross-orders, and pre-machining assembly errors (with a high RPN of 392 

in CNC and 210 in lathes): 

Input Controls: The operator will not be able to turn on the equipment without 

checking the correct clamping of the workpiece and the configuration of the cutting tools. 

Standard Operating Procedures: Machinery operating manuals must be 

visually available at each station. 

b) 5S Sustainability Audits (Workspace Organization) 

FMEA analyses showed that clutter, misplaced tools, and lack of cleanliness at the 

end of operations represented a critical risk with high Risk Priority Indexes ($NPR = 210$ 

in lathe/boring and $NPR = 343$ in warehouse). 

Periodic Staggered Audits: Establish a schedule of weekly cross-audits where 

the Lathe area managers will evaluate Welding and vice versa. 

Control Metrics: 5S assessment sheet based on the 5 pillars ( Sort, Set in order, 

Shine, Standardize, and Discipline ). Each operational area must maintain a minimum 

compliance rating of 90%. 

Visual Aids: Delineation of corridors for safe transit. 

c) Safety and Health Control Matrix (Legal Compliance and Risk Reduction) 

The initial diagnosis revealed low compliance with official standards and high 

psychological concern in 80% of the operators due to suffering accidents caused by oil 

spills or lack of Personal Protective Equipment (PPE) (NOM-001, NOM-017, NOM-

035). 

Field Safety Inspections (NOM-001 / NOM-027): The workshop supervisor will 

conduct daily walkthroughs to verify the absence of oil leaks on the floors and that the 

perimeter isolation screens for the electric welding arc are properly positioned. 



61              Ofelia Barrios Vargas & Gloria Viridiana Vallejo Navarrete & Samuel David Soriano López & Jenyffer Dayanara Palma & Mitzi Guadalupe Piña Armas 

 

 

Veredas do Direito, v.23, e238150 – 2026 

Veredas do Direito, v.23 n.2, e23xxx – 2026 

Control of PPE Use (NOM-017-STPS-2008): Random audit of PPE use 

d) Achievement of the Proposal Objectives 

Ensure a zero-accident work environment that fully complies with the STPS 

regulatory framework (especially NOM-001, NOM-002, NOM-017 and NOM-027). 

To formalize the chain of command to eliminate the cross-orders detected in the 

survey based on the NOM-035 standard, the findings are described in Table 17. 

 

Table 17 

Findings based on NOM-035. 

Findings based on NOM-035 

1. Reconfigure the plant layout by physically delimiting the precision machining 

areas from the heavy welding areas. 

2. Instruct to the operators to perform the daily cleaning, lubrication and basic 

inspection of their own lathes and milling machines before starting their workday. 

3. Correct all electrical infrastructure (repair of loose and improvised cables and 

installation of fire alarms). 

4. Publish a formal organizational chart and define clear job profiles. Establish a 

single direct communication channel from the Supervisor to the operators to curb mental 

overload and the conflicting demands identified. 

5. Training: Provide an awareness workshop to workers about the personal benefits 

of working in a standardized, safe and clean environment. 

 

e) Performance Indicators 

Performance indicators allow for measuring and evaluating the efficiency of 

workshop processes using variables such as operating times, productivity, completion of 

activities, resource utilization, and waste reduction. Monitoring these indicators facilitates 

the identification of deviations and supports decision-making aimed at continuous 

improvement. To achieve the control phase, the proposed improvement plan is expected 

to meet the indicators, as described in Table 18. 

 

Table 18 

Evaluate the efficiency of the processes. 

Operational Indicator Initial State (Diagnosis) Expected Goal (Post-Improvement) 

Operational Efficiency Low Increase to 70% - 75% 

Risk Priority Number 

(RPN) 

Critical (Up to 392 in CNC 

clamping) 

Mitigation to Acceptable Levels (less 

than 100) 

Compliance with STPS 

Standards 
Low level of compliance 100% legal compliance, free of fines 

 



 62  OPERATIONAL OPTIMIZATION PROPOSAL FOR THE LA HUACANA MACHINING AND WELDING WORKSHOP UNDER THE LEAN SIX SIGMA APPROACH  

 

Veredas do Direito, v.23, e238150 – 2026 

 

Finally, the last stage with the results 

1. Sorting and Discarding ( Seiri ) and Order ( Seiton ) 

Previously, the work surfaces were overcrowded. In the initial state, the work 

surfaces (as seen in the last image) were completely saturated with paint cans, scattered 

tools, plastic bottles, cables, and leftover materials. This reduced the usable space and 

increased the risk of accidents or wasted time searching for tools. Figure 29 (a) and (b) 

shows the disorganization. 

 

Figure 28 

(a) and (b), Before. 

 
(a) (b) 

 

After (Clear and Functional Spaces): In the improvement images, the work tables 

and main furniture appear clean and clear. Unnecessary objects and trash (such as plastics 

and empty containers) were removed, leaving only what is essential for operations. Figure 

30 (a) and (b) show the tidy areas. 

 

Figure 29 

(a) and (b), After. 

 
(a) (b) 
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2. Cleaning and Identification (Seiso and Seiketsu) 

Chaotic storage areas: The area under the mezzanine or upper structure showed 

accumulated disorganization, with tools piled randomly and drums obstructing the 

passage. After standardization of furniture and containers: The main furniture was 

relocated and painted; the gray counter/table looks tidy; the blue liquid or waste 

containers were aligned at the back; and the floor was cleared of unnecessary obstacles. 

This not only improves the aesthetics but also facilitates daily cleaning. 

One risk zone was the upper part of the spare parts warehouse; this was cleaned 

and rearranged, scrap material was removed, and materials that are needed were relocated, 

as can be seen in Figure 30 (a) and (b) and Figure 31 (a) and (b). 

 

Figure 30 

(a) and (b) Store. 

 
(a) Before  ( b) After 

 

One risk zone was the upper part of the spare parts warehouse; this was cleaned 

and rearranged, scrap material was removed, and materials that are needed were relocated, 

as can be seen in Figure 32 (a) and (b). 
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Figure 31 

(a) and (b) Classification and order in the warehouse. 

 
(a) Before            ( b) After 

 

Subsequently, 3 tons of scrap material were removed as part of the classification 

and selection of scrap material taken from different waste areas, the accumulation of 

material in the center of the workshop, which reduced the space available to maneuver or 

move around, as seen in Figure 32 (a) and (b). 

 

Figure 32 

(a) and (b) Scrap metal cleaning. 

 
(a) (b) 

 

The removal of the 3 tons not only reduced the visual burden and the risk of 

accidents, but also reincorporated material into the recycling chain and recovered 

operational square meters. 

 

3. Implementation of Safety Signage and Demarcation 

This is one of the most noticeable improvements in the "after" images: 
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a) Evacuation Routes: A standard green "Evacuation Route" sign with a visible 

directional arrow was placed on the main column, ensuring that staff know where 

to go in case of an emergency. 

b) Electrical Hazard: In the area of the control panel and connections at the back, a 

yellow "Electrical Hazard" sign (warning triangle) was installed to alert about the 

danger of high voltage. 

c) Prohibition: A "No Smoking" sign was added to the upper wall, vital for a 

workshop where fuels, welding, or paints are handled. 

4. Management of Heavy Equipment and Tools 

a) Before (Cables and machines in disarray): Equipment such as the welding 

machine and power cables obstructed pedestrian traffic corridors, creating a high 

risk of tripping. 

b) After (Securing and clearing): Moving elements such as the blue structure with 

hoist/chains are better positioned, and the hanging cables of the chains are kept 

collected or controlled to prevent them from interfering with the passage height 

of the operators. 

 

13 CONCLUSION 

 

This research identified the main operational deficiencies at the La Huacana 

Machining and Welding Workshop, related to plant layout, lack of standardized 

procedures, inadequate inventory control, and occupational health and safety conditions. 

The diagnosis revealed that these problems generate waste, increase downtime, and limit 

the workshop's operational efficiency and competitiveness. 

The application of the Lean Six Sigma approach, using the DMAIC methodology, 

provided a systematic framework for analyzing the causes of process variability and 

establishing improvement strategies aimed at optimizing organizational performance. 

Furthermore, the use of tools such as Failure Mode and Effects Analysis (FMEA), risk 

analysis, plant layout redesign, and the development of operating procedures enabled the 

identification of critical areas and the prioritization of corrective actions. 

Regarding materials management, the proposed implementation of an inventory 

control system, complemented by a performance indicator dashboard, will contribute to 
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improving the availability of supplies, reducing losses, and strengthening data-driven 

decision-making. Similarly, defining performance indicators will facilitate continuous 

process monitoring and the evaluation of results. 

Incorporating SMART objectives into the proposal allowed for the establishment 

of specific, measurable, achievable, relevant, and time-bound goals aimed at increasing 

the workshop's operational efficiency. These objectives constitute a management tool that 

facilitates the monitoring of implemented actions, the evaluation of goal achievement, 

and the consolidation of a culture of continuous improvement within the organization. 

From an industrial safety perspective, the research identified risks associated with 

machining and welding activities, as well as the need to strengthen compliance with 

applicable Mexican Official Standards. The implementation of preventive measures, 

standardized procedures, and control mechanisms will help reduce accidents and improve 

working conditions. 

In conclusion, the proposed operational optimization based on Lean Six Sigma is 

a viable alternative for increasing productivity, reducing waste, strengthening safety, and 

improving the organization of the La Huacana Machining and Welding Workshop. 

Furthermore, the study provides scientific and methodological evidence for the 

application of continuous improvement tools in small and medium-sized enterprises in 

the metalworking sector, contributing to the strengthening of industrial engineering and 

the sustainable development of organizations. 
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