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Abstract. Industrial failures are associated with poor maintenance planning,
directly affecting organizational productivity. When equipment failures occur,
established contracts allow fines to be imposed on organizations, sometimes due
to delivery delays or product failures due to poor quality. The aim of this paper
was to perform a literature review on the elements that cause risks of contractual
fines due to equipment unavailability. To perform this work, a literature review
was made based on published scientific articles on topics of predictive main-
tenance, preventive maintenance and corrective maintenance, production plan-
ning and control (PPC), financial risks for contractual fines and availability of
machinery in industrial processes, as well as maintenance workforce qualifica-
tion. Maintenance and operation, as the most important administrative and
operational functions of production, are responsible for meeting the following
requirements: quality, speed, reliability, flexibility and cost. As a result, it was
found in the literature that a well-trained and motivated maintenance team
performs higher quality short-term tasks, reducing machine repair times, and
reducing the number of fines for failure to meet contractual deadlines. These
results were corroborated by verification in four supply chain companies in the
agricultural and construction machinery sector.

Keywords: Maintenance planning - Contractual risks + Maintenance workforce

1 Introduction

Industrial failures are associated with poor maintenance planning, directly affecting
organizational productivity. When production equipment failures occur, the established
contracts allow fines to be imposed on organizations due to possible delivery delays or
product failures due to poor quality, leading to possible downtime due to poor main-
tenance planning. This can negatively affect customer demand, requiring operations
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managers to make emergency decisions to reinstate downtime for corrective
maintenance.

The aim of this paper was to review the literature on the elements that cause
contractual fines risks due to equipment unavailability, as well as a brief description of
four cases of companies that supply parts and material parts.

The justification for this work was the difficulty of finding enough literature to
address why many companies fail to meet contractual deadlines and its correlation with
the qualification of the labor used in the maintenance of machinery and equipment of
the production process, resulting in fines contractual.

As a hypothesis, verify if, in the literature, the availability of equipment can
guarantee the fulfillment of the required demands, through a synergy of the workforce
qualification between production planning and control (PPC) and maintenance plan-
ning and control (MPC).

2 Research Design

This article was structured based on a literature review based on published scientific
articles on predictive, preventive and corrective maintenance, production planning and
control, quality, financial risks by contractual fines and machine availability in
industrial processes, as well as the qualification of maintenance workforce. These
elements are represented in Fig. 1.
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Fig. 1. Research structuring and its central elements.
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The first step was to establish a theoretical basis with material that addressed the
concepts needed to support the research. For this, the searches were made with key-
words divided into groups:

— Group 1: maintenance planning and contractual risks;
— Group 2: contractual risks and maintenance workforce.
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The keywords were searched in the Scopus database. The justification for the use of
this database is the fact that it makes available the largest range of qualified scientific
articles with access made available to researchers. The research was limited to scientific
and review articles published since 2001. In all 520 articles were found. The second
step consisted of deleting repeated articles and restarting the selection process. The first
selection was made by reading the titles of the articles. The second selection occurred
from reading the abstracts, selecting only those that fit the research theme. The third
selection occurred from the complete reading of the full text of the articles.

Most of the articles found were not aligned with the research theme, as they did not
address maintenance planning, contractual risks and maintenance workforce. Some
articles dealt with maintenance planning only, but not contractual risks or maintenance
labor.

In addition to the literature review on maintenance planning, contractual risks and
maintenance work, we also searched for articles on predictive maintenance, preventive
maintenance and corrective maintenance, PPC, quality and availability of machines in
industrial processes. Finally, there were 14 articles that stood out in the research and
followed the desired search terms. Thus, Sect. 3 will present the results obtained, as
well as a brief case report of supplier companies and their characteristics regarding the
theme presented in this paper.

3 Results and Discussions

3.1 Literature Review Results

From reading the articles, Table 1 was prepared, presenting a chronology of the evo-
lution of the discussion of the subject by the most cited authors, highlighting the title
and journal where they were found on the topics researched in Sect. 2.

Table 1. Most cited authors in the survey conducted at the Scopus.

Author Title Journal No. of
citations
Hui et al. [1] | Optimal machining conditions with costs of quality | Int. J. Prod. 30
and tool maintenance for turning Res.
Ahmad and The impact of human resource management J. Oper. 972

Schroeder [2] | practices on operational performance: recognizing | Manag.
country and industry differences

Khan and Risk-based maintenance (RBM) Process Saf. 90

Haddara [3] Prog.

Alsyouf [4] The role of maintenance in improving companies’ |Int. J. Prod. |321
productivity and profitability Econ.

Al-Najjar [5] | The lack of maintenance and not maintenance which | Int. J. Prod. | 136
costs: a model to describe and quantify the impact of | Econ.
vibration-based maintenance on company’s
business

(continued)
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Kans [6] An approach for determining the requirements of | Comput. Ind. | 85
computerised maintenance management systems
Lee and Overview of maintenance strategy, acceptable J. Build. 73
Scott [7] maintenance standard and resources from a building | Apprais.
maintenance operation perspective
Ma et al. [8] | A survey of scheduling with deterministic machine | Comput. Ind. | 329
availability constraints Eng.
Simdes et al. | A literature review of maintenance performance JQME 160
[9] measurement: a conceptual framework and
directions for future research
Peng et al. Competitive priorities, plant improvement and Int. J. Oper. 85
[10] innovation capabilities, and operational Prod. Man.
performance. A test of two forms of fit
Jabbour et al. | Environmental management in Brazil: is it a J. Clean. 107
[11] completely competitive priority? Prod.
Choudhari Configuration of manufacturing strategy decision | Int. J. Adv. 21
et al. [12] areas in line production system: five case studies | Manuf. Tech.
Fitouhi and Integrating noncyclical preventive maintenance Reliab. Eng. | 97
Nourelfath scheduling and production planning for multi-state | Syst. Safe.
[13] systems
Lu et al. [14] | Integrated production and preventive maintenance | Comput. Ind. | 42
scheduling for a single machine with failure Eng.
uncertainty

Maintenance planning decisions need to be linked to production and quality plans
[6]. Strategically designed maintenance planning can improve machine availability and
reliability by reducing the failure rate and potential threats to meet demand. As soon as
equipment defects are detected, the repair will be minimal and at the lowest cost to get
it back to normal operation [1].

If, on the one hand, managers are concerned with meeting required demand and
managing costs to avoid potential contractual fines, it is necessary to identify how this
can be avoided and monitored in order to achieve planned results. In this context, the
integration of maintenance performance information systems with the organization’s
overall performance management information system can facilitate the necessary
alignment [9, 15].

Competitive priorities such as cost, quality, delivery performance, flexibility and
reliability are the basis for developing distinct production system capabilities [3, 10, 12,
16]. Although many studies have been conducted to identify competitive priorities in
different countries [2, 17-20] there is still some consensus on six priorities that should
be considered in the operating system: cost, quality, delivery, flexibility, service and
environmental protection [11, 21, 22].

Daily production activities, such as planning, scheduling, procedure assignment, and
quality control, have been improved through the effective integration of maintenance
activities to increase process reliability. On the other hand, production, procedures and
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policies such as the quality management approach can help improve maintenance per-
formance and, consequently, deliveries within the customer’s desired timeframe [4, 7,
13, 14, 23-26].

Failure to execute the request received or planned by maintenance may result in the
risk of wasted hours beyond the planned or even production of non-compliant parts,
directly affecting the demand fulfillment performance. Market conditions force orga-
nizations to have fewer and fewer raw materials inventories, work in process inventories
and finished goods inventories. In some cases, the customer requires the supplier to
maintain a small security inventory to avoid potential recurring service threat issues. The
size of this stock is scaled by the history of reliability of its suppliers’ machines and
equipment. This safety stock is not financed by the customer but is also a determining
factor when signing the supply contract for a certain period. Inventory is a contractual
requirement to ensure supply accuracy as planned and may be reduced or increased as
equipment and process reliability maintain a desired level of performance [3].

Planned maintenance inspection activities have priority as they can reduce the risks
of process reliability [27]. These inspections aim to answer the following questions like
[28]: What could happen wrong? How can it go wrong? What is your probability of
going wrong? What would be the consequences? Organizations determine strategies
that aim to minimize the likelihood of failures and learn from failures when they occur
[21]. The deterioration of machinery and equipment and the lack of quality in the
maintenance workforce are the main causes of reduced production capacity and
unreliability in production processes. As a result, this causes delays in customer order
fulfillment and possible contractual fines in industries [29].

Therefore, using additional data to obtain detailed information on maintenance and
production activities and thus maximizing the number of customer orders delivered
within the customer’s desired timeframe is a challenging problem. The importance of
integrated MPC has been addressed, but modeling of integrated maintenance concepts
for PPC is not as common in the maintenance literature [8].

Thus, as described by the main authors highlighted in Table 1, it can be inferred
from the flow shown in Fig. 2.

*Monthly demand planning

*Preventive maintenance planning
*Predictive maintenance planning
*Corrective maintenance planning (when needed)

*Reliability of the process
*Reliability of machines and equipment
e eMachine availability

*Adherence to production plan
*Productivity with quality
WELER] e Customer service
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Fig. 2. Process systematization between PPC and MCP.
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Figure 2 establishes a relationship between PPC and MCP to ensure demand. If
production planning fails for corrective maintenance purposes, this will compromise all
production planning. In addition, corrective maintenance presents some risks, including
unpredictability of repair time, as well as sometimes difficulty finding spare parts or
even emergency freight to restore equipment that is unavailable, and loss of equipment.
planned production. Thus, the cost of corrective maintenance will be greater than the
cost of preventive maintenance [30].

Production planning on bottleneck equipment does not foresee possible interrup-
tions, beyond what has already been planned. If corrective maintenance due to
unplanned shutdown occurs and this equipment is part of a continuous process, i.e. a
process dependent on another, it will certainly result in losses, for which contractual
fines for production delay may be imposed [30, 31].

3.2 Results of a Brief Study in Four Brazilian Companies

In Brazil, there is a competitive market in the manufacturing of parts and components
for agricultural and construction machinery. Large automakers offer a one-month
service warranty in their supply chain, expected to last 12 to 24 months. However, it
requires delivery performance with targets of up to 95% and quality, 98% performance,
with defined delivery and quality policies.

The desired delivery date criteria with a variation of about two days from the
desired date by customers for situations when the supply chain fails to reach the desired
goal, these customers establish a finished items safety stock so that any oscillation in
the process and possible shortages of parts in the production lines of the automakers.
Thus, safety stock is calculated based on the reliability and availability risk of the
supplier’s production process, as well as its capability.

For deliveries outside the agreed policy, a financial penalty is automatically
imposed on the supplier, i.e. a rebate on the receivables the supplier has to the auto-
maker. The non-compliance tolerance for each item is around 3 to 5% per year. Any
deviation above this goal, authorships are performed in the production process in order
to verify the capability, reliability and availability of the processes. Thus, positive or
negative results directly influence the prospecting of new business.

All supply chain performance management studies are reviewed on a monthly basis
and feedback from the indicators is sent throughout the supply chain. For this, a
classification is made, in which the supplier is evaluated and, according to his per-
formance, his classification, established in three levels, can be considered 3 as the worst
and 1 as the best. In this way, the worst supplier rating is prevented from receiving new
business opportunities or may even be disconnected from the supply chain.

Annually, a 3% cost reduction is required for each item. This reduction refers to the
goal of improving the production process, whose value is automatically adjusted after
12 months. If, if the supplier fails to make the improvements mentioned above, the
reduction is still required as agreed in the supply contract. Continuous process
improvement is the sole responsibility of the supplier.

To illustrate the relevance of this work, four companies from the southern region of
Brazil were surveyed. These companies are suppliers to assemblers of agricultural
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machinery, producing tractors and harvesters, construction machinery, used in earth-
moving and tractor, backhoe and loaders.

Of the four companies surveyed, two have been suppliers to automakers for over
ten years, one of them eight years old and one the fourth company for nine years.
Regarding the area of activity, the four companies supply only to the Brazilian market,
with an average annual revenue of approximately 12 million dollars each company.

Companies have safety stock with finished parts. However, one of the companies
has a smaller safety stock because its maturity level is higher. Technologically, they all
have modern two- and three-dimensional laser cutting machines and equipment,
welding machines such as robots. But one of the companies stands out for having a
welding robot in three dimensions. Both companies provide laser cut parts, folds, and
welded assemblies.

The supply policy for automakers is based on Kanban and deliveries are scheduled
according to the demand of the automakers. It was also found that automakers keep
their stocks for only three days of production. However, it requires the four companies
to have an inventory of finished and semi-finished parts internally. Suppliers receive
daily updated Electronic Date Interchange (EDI) orders from the automakers, ensuring
the four weeks of confirmed orders. However, in some cases, automakers require some
deliveries within four weeks. To avoid paying fines, this is negotiated between the
planning areas in advance.

For certain types of assembled assemblies, welding or forming tools or devices are
required. The automakers pay for the manufacture of this tooling in the development of
the samples. It has been evidenced in the 24-month history that at some point all
companies paid for any quality or deadline failure, and these penalties provided for in
the supply agreement are automatically made to suppliers’ receivables.

4 Conclusions

Operations and production managers are constantly concerned about the reliability and
availability of processes and equipment. It was observed that a well-trained and
motivated maintenance team performs higher quality short-term tasks, thus ensuring
that the equipment is restored, leaving it in its normal operating condition. This ensures
the productivity, quality and demand required.

Increasing competitive pressure requires reliable processes from organizations,
which helps them increase their own competitiveness in their market. This confirms the
proposed hypothesis, evidencing in the literature that the availability of equipment can
guarantee the required demands, through a synergy of workforce qualification between
PPC and MCP, based on the works mentioned in Table 1.

Therefore, it is considered that the objective of this work was achieved by the
literature review, which presented the elements that cause risks of contractual fines due
to the unavailability of equipment and how this can be avoided in order not to generate
contractual fines and possible damages to companies and your image. This corrobo-
rated with a brief account of how it happens with some organizations mentioned in the
study.
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Robust processes help maintain stable productivity, reducing operating and main-

tenance costs. These processes can also contribute to a reduction in material inventory
in processes and finished products, thereby reducing the need for safety stocks to
support eventual unavailability in the production process. It can also reduce operating
and maintenance costs.

For future work, a possibility of theme to be explored is related to process relia-

bility and flexibility in operations due to demand volatility.
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