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Abstract 

 
The study addressed critical inefficiencies in heavy goods transport SMEs, focusing on improving service levels and 
operational reliability. It identified challenges such as low On-Time In Full (OTIF) rates and high equipment failure 
rates, which significantly impacted service quality. The proposed research integrated Total Productive Maintenance 
(TPM) principles and Process Management into a unified maintenance model, emphasizing planned and autonomous 
maintenance strategies. Key findings revealed measurable improvements: OTIF increased by 7.24%, fuel shortages 
dropped by 50%, and damaged load indices decreased by 23.20%. These outcomes underscored the model’s potential 
to enhance resource utilization and service reliability. This research demonstrated the relevance of systematic 
maintenance strategies in aligning operational activities with organizational goals, fostering efficiency and 
sustainability. By addressing specific gaps in existing maintenance practices, the study provided a replicable 
framework applicable across similar contexts, offering actionable insights for enhancing operational metrics in 
resource-constrained environments. It significantly contributed to bridging knowledge gaps in maintenance 
management for SMEs, particularly in the transport sector. Future investigations should explore integrating advanced 
digital tools, such as IoT-based monitoring systems, to expand predictive maintenance capabilities. Moreover, cross-
sectoral comparative analyses could enrich understanding of the model’s adaptability and limitations. This research 
sets the groundwork for ongoing advancements in SME maintenance management. 
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1. Introduction 
The importance of the small and medium-sized enterprises (SMEs) sector in heavy goods transport is undeniable, both 
globally and in specific contexts such as Latin America and Peru. This sector is not only crucial for the economy, but 
also plays a vital role in the global supply chain. According to a study by Al-Haddad et al. (Al Haddad et al. 2019), 
SMEs generate a significant proportion of employment and contribute to economic growth in developing countries. 
In Latin America, SMEs are estimated to account for approximately 99% of all enterprises and generate around 60% 
of jobs (Johnson & Schaltegger 2015). In Peru, the heavy goods transport sector is essential, as the country depends 
heavily on this type of transport for the distribution of goods and raw materials throughout its extensive territory. 
However, despite their relevance, transport SMEs face significant challenges that limit their ability to operate 
efficiently and competitively. 
 
One of the most critical problems faced by these SMEs is the low level of service, which can be measured through the 
On-Time Delivery Rate (OTIF Rate). This indicator reflects the availability of transport units and efficiency in loading 
and unloading goods. The low availability of transport units results in high rates of inadequate load, which in turn 
generates high failure rates in critical components such as brakes, suspension and engine. In addition, errors in fuel 
supply calculations can lead to operational inefficiencies and additional costs. According to a study by Johnson and 
Schaltegger (2015), lack of proper maintenance and inefficient management of resources are factors that contribute to 
these problems, affecting the profitability and sustainability of transport SMEs. 
 
Addressing these issues is of paramount importance as operational efficiency and quality of service are critical to 
competitiveness in the transport sector. The implementation of methodologies such as Total Productive Maintenance 
(TPM) and Process Management can be key to improving the availability of transport units and reducing failure rates. 
Research by Xiang and Feng (2021) highlights that the implementation of TPM not only improves equipment 
efficiency, but also fosters a proactive maintenance culture among workers. This is particularly relevant for SMEs, 
which often lack the resources to make significant investments in infrastructure and technology. 
 
Despite the growing attention given to quality management and maintenance in SMEs, there is a knowledge gap in 
the literature that needs to be addressed. Many studies have focused on large companies, leaving SMEs in the 
background (Karadağ, 2015). The proposed research aims to close this gap by developing a production model that 
integrates TPM tools, such as Autonomous and Planned Maintenance, with Process Management. This approach not 
only seeks to improve operational efficiency, but also provides a framework that enables SMEs to adapt to changing 
market demands and improve their competitiveness (Samadhiya et al. 2023). Existing literature suggests that the 
adoption of these methodologies can result in significant improvements in SME sustainability and performance 
(Borrajo et al. 2012).In conclusion, the SME sector of heavy goods transport is an essential component of the global 
and local economy, especially in Latin America and Peru. However, it faces significant challenges that require urgent 
attention. The implementation of maintenance and management methodologies can be the key to improving the 
efficiency and sustainability of these companies, and the proposed research seeks to contribute to this objective by 
addressing existing gaps in the literature. 
 
2. Literature Review 
Literature review on maintenance and distribution in small and medium-sized enterprises (SMEs) of heavy load 
transport is critical to understanding how maintenance methodologies can optimize operational efficiency and reduce 
costs. In this context, various maintenance methodologies will be explored, including Total Productive Maintenance 
(TPM), Autonomous Maintenance, Preventive Maintenance, Process Management and Process Standardization. Each 
of these approaches offers unique strategies that can be applied in the heavy-duty transport sector, helping to improve 
the operational effectiveness and sustainability of these companies. 
 
2.1 Total Productive Maintenance (TPM) methodology in Heavy Load Transport SMEs 
Total Productive Maintenance (TPM) has been implemented in various industries as a strategy to improve the 
effectiveness of equipment and reduce downtime. According to Bataineh et al. (2019), TPM is a methodology that 
involves all employees in the maintenance process, which fosters a culture of shared responsibility and improves 
productivity. This approach has proven effective in reducing operational costs, as maintenance can account for a 
significant portion of total costs in some industries (Bataineh et al. 2019). In addition, studies such as Gwangwava et 
al. Gwangwava et al. (2021) suggest that the implementation of TPM in SMEs can lead to significant improvements 
in operational efficiency by integrating maintenance practices into organizational culture. Research by Modgil and 
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Sharma Modgil & Sharma (2016) also highlights that TPM not only improves product quality but also optimizes 
resource use, which is crucial for SMEs in heavy freight transport operating with tight margins. 
 
 
2.2 Autonomous maintenance in the transport sector 
Autonomous Maintenance is another relevant methodology that allows machine operators to take on basic 
maintenance responsibilities, which can increase efficiency and reduce the reliance on skilled personnel. According 
to Muchiri et al. (2011), Autonomous Maintenance empowers workers by enabling them to perform preventive and 
corrective maintenance tasks, resulting in greater availability of equipment. This approach is particularly beneficial in 
the heavy-duty transport sector, where the availability of vehicles and equipment is critical to meeting delivery 
deadlines. Research by Yang & Yang (2023) indicates that employee involvement in Autonomous Maintenance not 
only improves morale, but also contributes to early identification of problems, which can prevent costly failures. 
Furthermore, the study by Reyes et al. (2018) shows that the implementation of Autonomous Maintenance practices 
can be a key factor in achieving continuous improvement in service quality in transport SMEs. 
 
2.3 Preventive Maintenance: Strategies and Benefits 
Preventive Maintenance is a strategy that focuses on performing scheduled maintenance to prevent failures before 
they occur. According to Gopalakrishnan et al. (2020), this methodology is essential for ensuring business continuity 
in SMEs of heavy freight transport where downtime can result in significant losses. Research by Supsomboon & 
Hongthanapach (2014) supports this claim, demonstrating that the implementation of a Preventive Maintenance 
program can increase equipment availability and improve operational efficiency. In addition, the study by Hinrichs 
Hinrichs (2023) highlights that digitisation of maintenance through computerized maintenance management systems 
can facilitate the planning and execution of preventive maintenance, Enabling SMEs to better manage their resources 
and reduce costs. The combination of these practices can result in a significant reduction in maintenance costs and an 
increase in overall productivity. 
 
2.4 Process management in maintenance 
Process Management is an approach that seeks to optimize workflows within an organization, and its application in 
maintenance can lead to a significant improvement in operational efficiency. According to Telek (Telek 2023), the 
integration of process management into maintenance practices enables SMEs to identify bottlenecks and areas for 
improvement, resulting in a more fluid operation. Research by Sigsgaard et al. (2021) also suggests that process 
management can help align maintenance activities with the strategic objectives of the organization, which is essential 
for SMEs looking to grow in a competitive market. In addition, the study by Macchi et al. (2014) emphasizes the 
importance of process management in creating intelligent e-maintenance platforms that can improve decision-making 
and operational efficiency in SMEs in heavy cargo transport. 
 
2.5 Standardization of Maintenance Processes 
Finally, process standardisation is a critical aspect that can contribute to continuous improvement in the SME heavy-
duty transport. Research by Jain et al. (2014) indicates that standardization of maintenance practices not only improves 
quality and consistency of service, but also facilitates employee training and the implementation of new technologies. 
According to the study by Tewari (2017), standardization allows organizations to establish clear metrics for evaluating 
maintenance performance, which is essential for continuous improvement. In addition, the work of Felice et al. (2014) 
suggests that process standardization can be a key factor for integrating advanced technologies into maintenance 
practices, which can result in greater efficiency and cost savings. Taken together, these methodologies provide a strong 
framework for SMEs in heavy-duty transport to optimize their operations and improve their competitiveness in the 
market. 
 
In conclusion, the implementation of maintenance methodologies such as TPM, Autonomous Maintenance, Preventive 
Maintenance, Process Management and Process Standardisation can have a significant impact on the operational 
efficiency and sustainability of SMEs in heavy goods transport. These strategies not only help to reduce costs and 
improve equipment availability, but also foster a culture of continuous improvement and shared responsibility among 
employees. As the heavy-duty transport sector continues to evolve, the adoption of these methodologies will be 
essential for SMEs to remain competitive and respond to changing market demands.. 
 
3. Methods 
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3.1 Basis of the Proposed Model 
In Figure 1, the integrated maintenance model is presented, combining Total Productive Maintenance (TPM) 
principles with process management to enhance operational efficiency and reliability. This model is structured around 
three interdependent pillars: process management, planned maintenance, and autonomous maintenance. Process 
management provided a systematic framework to align maintenance activities with organizational goals, ensuring that 
all efforts contributed to overarching strategic objectives. Planned maintenance focused on implementing preventive 
and predictive strategies to minimize equipment downtime, reduce unexpected failures, and optimize resource 
allocation. Autonomous maintenance empowered workers to take responsibility for routine upkeep and early detection 
of potential issues, fostering a culture of accountability and collaboration. The synergy between these components 
was designed to promote continuous improvement, reduce inefficiencies, and enhance overall equipment reliability. 
This approach emphasized proactive measures and integration across different organizational levels, making it 
adaptable to various operational contexts while ensuring sustainable long-term performance. 
 

 
 

Figure 1. Proposed Model 
 
3.2 Description of the model components 
The proposed integrated maintenance model represents a robust framework aimed at addressing critical inefficiencies 
in organizational maintenance processes. Built upon the foundational principles of Total Productive Maintenance 
(TPM) and process management, this model seeks to optimize resource utilization, enhance equipment reliability, and 
reduce operational downtime. Its systematic structure aligns maintenance strategies with organizational objectives, 
ensuring a cohesive approach to long-term operational sustainability. By focusing on the complementary roles of 
planned maintenance, autonomous maintenance, and process management, the model provides a comprehensive 
solution that bridges gaps in existing maintenance practices and contributes significantly to the literature on 
operational management in industrial engineering. 
 
Process Management: Aligning Maintenance with Organizational Goals 
At the core of the model lies the philosophy of process management, which served as the guiding framework for 
integrating maintenance activities into the organization’s strategic goals. This component focused on establishing a 
structured approach to defining, monitoring, and continuously improving maintenance-related processes. The 
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implementation began with a thorough analysis of existing workflows to identify inefficiencies and bottlenecks that 
hindered operational performance. Maintenance tasks were mapped and standardized to ensure consistency across all 
organizational levels. The integration of process management principles enabled the alignment of daily maintenance 
activities with broader performance objectives, such as reducing unplanned downtime and improving equipment 
availability. By fostering a culture of accountability and systematic problem-solving, this stage laid the foundation for 
a proactive maintenance environment capable of adapting to dynamic operational demands. 
 
Planned Maintenance: Preventive and Predictive Strategies for Sustained Performance 
The planned maintenance component emphasized the importance of adopting preventive and predictive strategies to 
minimize equipment failures and unplanned downtime. This stage involved the development and implementation of 
maintenance schedules based on equipment usage patterns and historical performance data. The preventive aspect 
focused on routine inspections, lubrication, and part replacements, ensuring that potential issues were addressed before 
escalating into significant failures. Predictive maintenance, on the other hand, leveraged condition-monitoring 
techniques such as vibration analysis and thermal imaging to detect anomalies early. These strategies not only reduced 
the frequency of breakdowns but also optimized the allocation of maintenance resources. Additionally, the planned 
maintenance framework included performance audits to evaluate the effectiveness of implemented strategies, enabling 
continuous refinement of maintenance schedules and processes. This systematic approach ensured the long-term 
reliability of critical equipment while maintaining operational efficiency. 
 
Autonomous Maintenance: Empowering Workers for Operational Excellence 
The autonomous maintenance pillar aimed to empower frontline workers by involving them directly in routine 
maintenance activities and early issue detection. This component was designed to foster a sense of ownership among 
employees, encouraging active participation in maintaining equipment health. Training programs were conducted to 
equip workers with the necessary skills to perform basic maintenance tasks, such as cleaning, lubrication, and visual 
inspections. These activities not only improved equipment performance but also enhanced the workers’ ability to 
identify and report potential issues promptly. Visual management tools, such as checklists and indicator boards, were 
introduced to streamline the execution and monitoring of autonomous maintenance tasks. This approach created a 
feedback loop between workers and supervisors, facilitating immediate corrective actions and reinforcing a culture of 
collaboration and accountability. The integration of autonomous maintenance into the broader model ensured that 
maintenance responsibilities were shared across all organizational levels, promoting operational resilience. 
 
Synergy and Integration: A Holistic Framework for Continuous Improvement 
The true strength of the proposed model lies in the seamless integration of its three components—process management, 
planned maintenance, and autonomous maintenance. Each element was designed to complement the others, creating 
a cohesive system that addressed maintenance challenges from multiple angles. Process management provided the 
overarching structure and alignment needed to coordinate efforts effectively. Planned maintenance ensured that 
equipment reliability was maintained through systematic and data-driven interventions. Autonomous maintenance 
engaged workers in the upkeep of equipment, fostering a proactive and collaborative maintenance culture. Together, 
these components formed a robust framework for continuous improvement, enabling the organization to adapt to 
changing operational needs while maintaining high levels of performance and reliability. 
 
In conclusion, the integrated maintenance model proposed in this study offers a transformative approach to addressing 
maintenance inefficiencies and enhancing operational performance. By combining the principles of TPM with process 
management, the model provides a comprehensive solution that is both practical and scalable across various industrial 
contexts. Its emphasis on proactive strategies, worker empowerment, and systematic process alignment ensures that 
maintenance activities contribute directly to achieving organizational objectives. The model’s adaptability and focus 
on continuous improvement position it as a valuable tool for organizations seeking to enhance their competitiveness 
and sustainability in an increasingly dynamic industrial landscape. 
 
3.3 Model Indicators 
Specialized metrics were developed to monitor and evaluate performance throughout the case study to assess the 
impact of the maintenance management model that incorporates TPM and Process Management tools. These metrics 
provided a reliable basis for the review of critical components of maintenance management in a heavy-duty SME. 

77



Proceedings of the 6th African International Conference on Industrial Engineering and Operations 
Management Rabat, Morocco, April 7-10, 2025  
 

© IEOM Society International 

This methodical approach allowed for a thorough review of the critical performance indicators, thus ensuring accurate 
monitoring and promoting continuous improvements in the maintenance and distribution processes. 
 
OTIF (On Time in Full): 
This indicator measures the percentage of deliveries completed both on time and in full as planned, reflecting the 
overall reliability of the distribution process. 
 

𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 = (𝑂𝑂𝑂𝑂 − 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 × 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅) × 100 
 
On-Time Delivery Rate: 
It evaluates the proportion of deliveries that were successfully completed on time, helping identify scheduling and 
logistical bottlenecks. 
 
 

𝑂𝑂𝑂𝑂 − 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = �
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑂𝑂𝑂𝑂 − 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
� × 100 

 
 
Availability Rate: 
This metric assesses the proportion of operational time to total time, indicating the effectiveness of maintenance 
activities. 
 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 = �
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 − 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻
� × 100 

 
Fuel Shortage Percentage: 
It calculates the percentage of orders impacted by fuel shortages, which highlights inefficiencies in fuel supply 
management. 
 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = �
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑆𝑆ℎ𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
� × 100 

 
Damaged Load Index: 
This indicator represents the percentage of deliveries containing damaged goods, a critical factor in quality control 
and customer satisfaction. 
 

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 = �1 −
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
� × 100 

 
4. Validation 
4.1 Validation Scenario 
The validation scenario was conducted within a case study involving a company dedicated to the transportation of 
heavy cargo for import and export operations. This organization primarily serves port terminals, customs warehouses, 
and general storage facilities across local and national destinations. It operated with a fleet of five owned trucks, 
complemented by subcontracted vehicles when demand required. The company's annual revenue reached 
approximately 500,000 PEN, and it maintained strategic partnerships with key warehousing providers. These 
collaborations played a critical role in supporting its logistical operations. The research aimed to address challenges 
within its distribution process, specifically focusing on service level improvements. The company’s processes were 
characterized by their reliance on resource allocation and coordination activities, which were mapped using SIPOC 
diagrams for clarity. These maps were instrumental in understanding the flow of operations and pinpointing areas 
requiring optimization to meet customer expectations effectively. 
 
4.2 Initial Diagnosis 

(1) 

(2) 

(3) 

(4) 

(5) 
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In Figure 2, the problem tree illustrates the diagnostic analysis conducted to identify the reasons and root causes behind 
the low service level in the distribution process. The case study revealed a technical gap, with an OTIF rate of 75%, 
falling short of the industry standard of 90%. This deficiency resulted in an economic impact of 83,567 PEN per year, 
equivalent to 16.7% of the company's annual revenue. The primary issue was attributed to low unit availability, 
accounting for 58% of the problem, and a high rate of improper loading, which contributed 22%. Further investigation 
identified root causes, such as a 38% failure rate in braking, suspension, and engine systems, and a 20% occurrence 
of errors in fuel supply calculations. Additionally, damaged goods during transport represented a 22% contribution to 
improper loading issues. This structured diagnostic approach aimed to address these inefficiencies and align 
operational performance with industry standards. 
 

 
Figure 2. Problem Tree 

 
4.3 Implementation of the model in the case study 
The proposed solution was meticulously designed to address the low service level in the distribution process identified 
in the case study. This design integrated process management principles with key components of the Total Productive 
Maintenance (TPM) framework, including planned and autonomous maintenance. The aim was to optimize operations 
by reducing inefficiencies, minimizing errors, and ensuring timely and complete service deliveries. The structured 
implementation of these methodologies was guided by detailed analysis and supported by quantitative data to evaluate 
their effectiveness. 
 
Design of the Planned Maintenance 
The planned maintenance strategy focused on minimizing unexpected vehicle failures, which accounted for 28% of 
service interruptions. A Failure Modes and Effects Analysis (FMEA) was conducted, identifying high-risk 
components such as braking systems, suspension, and engines. This analysis informed the development of detailed 
technical sheets for each vehicle, specifying maintenance frequencies and procedures. For instance, brake system 
checks were scheduled every 15 days, while engine diagnostics were performed monthly. A centralized maintenance 
schedule was created, incorporating manufacturer recommendations and operational requirements, ensuring 
consistency and precision. To monitor progress, logbooks were standardized, capturing key metrics such as 
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maintenance completion rates, which improved by 12% post-implementation. A checklist system was also introduced 
to verify compliance, ensuring all tasks were completed according to the plan. 
 
The figure 3 presents the technical data sheet for the vehicle identified as SNF-01, a Freightliner M2 112 Tractor. The 
sheet provides detailed specifications, including dimensions, weights, capacities, and technical components. The 
vehicle measures 7.14 meters in length, 2.495 meters in width, and 3.512 meters in height, with an internal cargo box 
measuring 4.18 meters in length, 2.2 meters in width, and 1.2 meters in height. It has a gross weight of 19,481 kg, a 
maximum load capacity of 27,500 kg, and a fuel tank capacity of 680 liters. The engine is a Mercedes-Benz MBE 
4000 model with 410 HP, powered by diesel. The transmission is a Fuller FS-6406N manual system with six speeds. 
The braking system is fully pneumatic with ABS technology, featuring drum brakes for both front and rear. Additional 
details include a bi-disc clutch with a diameter of 14 inches, Vari-Rate pneumatic rear suspension with a capacity of 
23,500 pounds, and hydraulic steering (TRW TAS 85). The vehicle is equipped with six tires of size 11.00 x 22.5. 

 

Figure 3. Vehicle data sheet SNF – 01 

Figure 4 presents the Failure Mode and Effects Analysis (FMEA) for the SNF-01 truck, focusing on the braking and 
suspension systems. The braking system exhibited two primary failure modes: air leakage in the pipes and brake pad 
wear. Air leakage led to pressure loss, resulting in braking failure and potential accidents, with a high Risk Priority 
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Number (RPN) of 432 due to its severity, frequency, and detectability. Brake pad wear, without control measures in 
place, also posed significant risks, with an RPN of 405. 

The suspension system highlighted two failure modes: worn shock absorbers and spring breakage. Worn shock 
absorbers caused increased wear on suspension components and abnormal noises, with an RPN of 252. Spring 
breakage led to vehicle imbalance and uneven tire wear, with an RPN of 175. Current control measures included visual 
and auditory inspections for the suspension system, while no controls were present for the braking system, 
emphasizing the need for immediate corrective actions. 
 

 
 

Figure 4. Analysis of mode and effect of failure of theSNF-01 truck 
 

Figure 5 outlines the preventive maintenance schedule for the SNF-01 truck, detailing specific actions, components, 
and frequencies for each system. The transmission system requires oil filter cleaning every 20,000 kilometers. The 
braking system includes monthly visual inspections of brake pads and semiannual checks for air pipe cleaning. 
Suspension components, such as shock absorbers and control arms, undergo inspections every six months for 
corrosion and deformation. The motor requires bimonthly visual checks of the thermostat and seals, alongside oil filter 
cleaning. Tire maintenance includes monthly mechanical scraping to ensure wear is within acceptable limits. The 
steering system mandates semiannual inspections of steering bars, gearboxes, and hoses for wear and proper 
alignment. Electrical components, including the battery and alternator, are inspected annually for electrical connection 
issues and charge levels. The operations coordinator's assistant oversees all tasks to ensure compliance, guaranteeing 
the vehicle's operational reliability and extending its service life. 
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Figure 5. SNF maintenance schedule – 01 
 

Design of the Autonomous Maintenance 
Autonomous maintenance was implemented to empower drivers and reduce reliance on external maintenance teams, 
addressing inefficiencies related to low unit availability (58%). Training programs were conducted for all drivers, 
focusing on essential tasks such as tire inspections, oil level monitoring, and the interpretation of vehicle dashboard 
signals. These sessions resulted in a 20% reduction in minor maintenance delays. Furthermore, a set of standardized 
tools was distributed across the fleet to facilitate routine inspections and minor repairs. Drivers were required to 
conduct daily inspections before starting operations, with compliance rates reaching 95% within three months of 
implementation. This approach not only enhanced equipment reliability but also fostered a culture of accountability 
among personnel, significantly reducing downtime due to preventable issues. 
 
Figure 6 presents the cleaning and inspection log format designed for autonomous maintenance activities on the SNF-
01 truck. The cleaning section includes tasks such as exterior body cleaning to remove dust and dirt, headlight and 
taillight cleaning to prevent obstructions, and cleaning of mirrors, ensuring they remain free of stains and dust. 
Additional tasks involve cabin cleaning, removal of trash, and cleaning hand tools to maintain them grease-free. Filters 
and radiators are inspected and cleaned to ensure proper airflow and prevent residue buildup. 

The inspection section focuses on safety and functionality, verifying the operation of lights and signals, visually 
checking brake pads and discs for wear, and ensuring tires are properly inflated and free of excessive wear. The log 
allows operators to document whether tasks were completed and to note any observations, facilitating systematic 
tracking of vehicle maintenance and ensuring optimal operational readiness. 
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Figure 6. Cleaning and inspection format 

Figure 7 displays the daily unit cleaning and care record for the SNF-01 truck, managed under the supervision of Luis 
Alberto Rodríguez Campos. The log includes entries for February, detailing the driver's name, date of cleaning, 
observations, and the driver's signature to confirm task completion. For instance, on February 2, an observation was 
recorded to replace the cleaning cloth, while the remaining days show no additional notes. Drivers Sergio Fernández 
and Emilio Moreno alternated duties during the month, ensuring consistent adherence to the maintenance schedule. 
This record provides a systematic way to monitor cleaning routines, track compliance, and document any issues 
requiring attention, contributing to the vehicle’s upkeep and operational reliability. 
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Figure 7. Unit cleaning and care record 

Figure 8 displays the autonomous maintenance inspection schedule for the SNF-01 truck, outlining tasks categorized 
by unit components. The schedule includes regular inspections for tires, oils, liquids, shock absorbers, and steering. 
Tire maintenance involves visual checks, air pressure measurement, and valve condition reviews. Oils and liquids are 
inspected for levels and conditions, including windshield washer fluid, ensuring all systems operate efficiently. Shock 
absorbers undergo oil leak inspections, visual checks for spring conditions, and assessments of suspension bars and 
links. The steering system is reviewed for proper alignment to ensure safe handling. These inspections are conducted 
biweekly by the drivers, who are responsible for completing all tasks. This structured schedule promotes consistent 
monitoring of vehicle components, reducing the risk of unexpected failures and supporting proactive maintenance 
practices for operational reliability. 
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Figure 8. Maintenance inspections schedule of SNF-01 
 
4.4 Process Management Implementation 
Process management techniques were employed to streamline the company’s distribution processes, particularly in 
fuel supply and cargo securing operations. An AVA-ECRS matrix analysis identified redundant activities and 
bottlenecks, leading to the redesign of workflows. For example, the average refueling time was reduced from 20 
minutes to 12 minutes, representing a 40% improvement. Standard operating procedures (SOPs) were developed and 
communicated to all staff, ensuring consistency and adherence to the redesigned processes. Process mapping also 
revealed inefficiencies in cargo securing, which previously accounted for 22% of delivery delays due to improper 
loading. Following the redesign, securement times decreased by 18%, contributing to improved delivery reliability. 
The integration of these improvements into daily operations was monitored through newly established performance 
reviews, which showed a 7% increase in On-Time In Full (OTIF) delivery rates within the first quarter of 
implementation. 
 
Figure 9 illustrates the fuel control flowchart, detailing the steps involved in managing fuel usage for the SNF-01 
truck. The process begins with the operations coordinator recording the vehicle's mileage. The driver then inspects 
key components using the P-MANT.AUT01 checklist before proceeding to the fuel station. Observations are logged 
in the R-MANT.AUT01 form, ensuring any identified issues are documented. 

At the fuel station, the driver requests an electronic invoice for the fuel purchase. Once refueling is completed, safety 
measures are applied, including securely closing the tank valve. The invoice is subsequently recorded and archived 
for calculating fuel efficiency. Upon returning to the garage, the vehicle's final mileage is logged, completing the 
process. This systematic approach ensures proper fuel usage monitoring, enhances operational accountability, and 
supports data-driven decision-making to optimize vehicle performance and resource management. 
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Figure 9. Fuel control flowchart 

Figure 10 illustrates the flowchart for load securing, detailing the roles and responsibilities across different 
departments to ensure safe and efficient cargo handling. The process begins with the sales assistant sending the safety 
registration form (R-OPE-01) to the client, who then returns the completed form. The operations coordinator defines 
safety measures and prepares specifications for the transport. If additional resources are needed, a request is submitted 
to the purchasing assistant, who generates and sends a cost estimate for approval by the manager. 

Once approved, the instructions for transport are provided to the driver. A check is conducted to ensure the driver is 
adequately trained; if not, training is scheduled before proceeding. The process concludes with the driver confirming 
their readiness for the task. This structured workflow ensures that all safety and operational requirements are met, 
minimizing risks and enhancing coordination across the organization. 

 

 

Figure 10. Flow chart for load securing 

Figure 11 outlines the fuel loading and control procedure implemented to manage fuel usage for vehicles in the case 
study. The document specifies the objective, scope, definitions, responsibilities, and process steps to ensure accurate 
measurement and monitoring of fuel consumption.The procedure begins with the operations coordinator logging the 
vehicle’s mileage before any activity. The driver transports the vehicle to the fuel station, performs inspections of 
critical components according to the P-MANT.AUT01 checklist, and records observations in the R-MANT.AUT01 
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register. Once refueling is complete, the driver securely seals the fuel tank using high security seals and requests an 
electronic invoice, which is later archived for calculating fuel efficiency. 

Upon returning to the garage, the driver logs the final mileage, supported by photographic evidence. This data is used 
to calculate the vehicle's performance metrics. The process ensures compliance with ISO 9001:2015 standards, 
promoting operational transparency and optimizing fuel usage through systematic tracking and documentation. 

 

Figure 11. Fuel loading and control procedure 

5. Results 
In Table 1, the results of validating the proposed maintenance management model, based on TPM tools and process 
management, are detailed. The OTIF indicator showed a 7.24% improvement, while availability and on-time delivery 
rates increased by 3.81% and 3.80%, respectively. Additionally, fuel shortages decreased significantly by 50%, and 
the damaged load index dropped by 23.20%. These results highlight the model's effectiveness in addressing key 
operational challenges, improving resource utilization, and enhancing reliability and service quality across the 
distribution process. 
 

Table 1. Results of validation of the proposed model 
 

Indicator Unit As is To be Results Variation 
OTIF (On Time In Full) % 75.25% 90% 80.70% 7.24% 
On-Time Delivery Rate % 86.00% 93% 89.27% 3.80% 
Availability % 89.80% 96% 93.22% 3.81% 
Fuel Shortage Percentage % 8% 3% 4.00% -50.00% 
Damaged Load Index % 12.50% 4.00% 9.60% -23.20% 

 
 
6. Conclusions. 
The conclusions derived from the research encapsulate the findings, reflect on their significance, discuss contributions 
to the industrial engineering field, and offer observations and suggestions for future investigations. 
The study systematically identified the pressing issues facing heavy goods transport SMEs in Peru, including low 
service levels and inefficiencies in distribution processes, with the OTIF rate being a critical area of concern. The 
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implementation of a maintenance management model integrating Total Productive Maintenance (TPM) and Process 
Management addressed these inefficiencies effectively. Key findings showed a 7.24% improvement in the OTIF 
indicator, alongside a 50% reduction in fuel shortages and a 23.20% decrease in damaged load index. The planned 
and autonomous maintenance strategies contributed significantly to these outcomes, highlighting their potential to 
enhance operational performance. By focusing on systematic maintenance scheduling and empowering drivers 
through autonomous maintenance, the model demonstrated the feasibility of achieving cost-effective, sustainable 
improvements in equipment reliability and service delivery. 
 
This research underscores the importance of integrating structured maintenance methodologies with operational 
strategies in SMEs. The study’s emphasis on aligning maintenance activities with organizational objectives reflects 
its contribution to operational sustainability and service quality in the heavy goods transport sector. By addressing 
gaps in existing maintenance practices, the proposed model not only improved the operational metrics of the case 
study but also provided a replicable framework applicable to similar contexts. The results validate the strategic value 
of TPM and Process Management as complementary approaches for enhancing resource utilization and reliability. 
The contributions to the field are manifold. First, the study bridges a significant research gap by extending TPM 
methodologies to SMEs in the transport sector, a domain often overlooked in the literature. Second, it offers a practical 
application of process management in maintenance, demonstrating its role in reducing inefficiencies and aligning 
operational goals. Third, the findings provide actionable insights for practitioners seeking to implement maintenance 
strategies in resource-constrained environments, thereby promoting broader adoption of these methodologies in 
similar industrial settings. 
 
Observations indicate that while the proposed model achieved measurable improvements, the long-term success of 
such interventions depends on continuous training, adherence to maintenance schedules, and regular performance 
evaluations. Future studies could explore integrating digital tools, such as IoT-based monitoring systems, to further 
enhance the predictive maintenance capabilities and scalability of the model. Additionally, comparative analyses 
involving multiple SMEs across different industrial sectors could provide a broader understanding of the model’s 
adaptability and limitations. Such investigations would enrich the academic discourse on maintenance management 
while offering practical solutions for industry stakeholders. The findings and framework presented herein establish a 
foundation for ongoing research and practical advancements in maintenance management for SMEs, fostering a 
culture of continuous improvement and operational excellence. 
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