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Buffer inventory; In a two-machine serial production system comprising upstream and downstream machines, buffer
Spare parts; and spare-parts inventories must be planned to prevent production interruptions during
Maintenance planning; maintenance of the upstream machine. Accordingly, buffer accumulation is initiated at an optimal
Quality control. delayed time, allowing the downstream machine to continue operating with the accumulated

inventory when an overhaul of the upstream machine becomes necessary.

In real-world manufacturing systems, process imperfections and unexpected disturbances may
cause the production process to shift from an in-control to an out-of-control state. Therefore,
successive inspections are conducted to detect changes in the upstream machine. Once a change
is identified, a restoration action involving a spare part is implemented to return the machine to its
in-control condition.

This study proposes an integrated framework for quality control, maintenance, buffer inventory,
and spare-parts management in a two-machine serial production system, aiming to minimize the
total cost over the production cycle. A numerical example from the automotive industry is solved
using MATLAB and a particle swarm optimization (PSO) metaheuristic algorithm. Moreover, a
comparative analysis is performed to examine the impact of delaying buffer accumulation. The
results demonstrate that the proposed model achieves an average reduction of 19.41% in expected
total cost compared with a similar model in which buffer accumulation starts without delay.

Extended Abstract

1. Introduction

n most organizations in a two-machine production system, controlling and investigating the buffer inventory and spare

parts by preventing unnecessary maintenance reduces the costs of the production system and the organization.

Furthermore, in a production system, the process may go out of control due to equipment failure, so quality control by

successive inspections are necessary for better use of available resources and reduction of production costs.

Traditionally, buffer inventory, spare parts management, maintenance, and quality control have been investigated
separately. Nevertheless, real-world manufacturing environments reveal strong interdependencies among these concepts. Lack
of buffer inventory and critical spare parts during planned or unplanned maintenance can have a major impact on an
organization efficiency.
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Therefore, to have a complete maintenance program, the level of availability of buffer stock and spare parts within a
specified time interval is essential. Also, quality control directly affects both product quality and machine health. Therefore,
integrating the concepts of maintenance policy, buffer inventory, spare parts, and quality control is essential to prevent
production line stoppages, product quality, and reduce production costs.

2. Statement of the Problem

In many manufacturing systems, particularly two-machine series production systems with intermediate buffer, decision-
making becomes complex due to the interaction among maintenance, buffer inventory, and quality control. Ignoring these
interactions may lead to increased inventory costs, production of non-conforming items, stopping the production line, and
higher maintenance costs.

The primary challenge addressed in this research is how to simultaneously determine quality control, maintenance planning,
and inventory-related decisions within a unified framework. The objectives of the proposed model are twofold. The first
objective is to prevent production line stoppage by buffer accumulation at optimal time and maintenance planning. The second
objective is to minimize the expected total cost of production, including inspection cost, the expected cost of spare parts
ordering, the expected production cost of non-conforming items, the expected cost of buffer inventory holding, and the expected
restoration cost.

3. Methodology

This research develops a mathematical model for a two-machine series production system with intermediate buffer. The
model simultaneously considers production rate decisions, buffer accumulation start time, restoration and overhaul activities
scheduling under a successive inspection policy. Inspection times are modeled in a way that reflects their interaction with
maintenance activities and quality control performance. The system performance deteriorates over time, which affects both
production efficiency and the production of non-conforming items. Restoration and overhaul actions return the upstream
machine condition to as-good-as new state.

The model is formulated as an optimization problem with the objective function of minimizing the expected total cost. An
industrial example was given from Iran Khodro Crouse Company to evaluate the applicability and effectiveness of the proposed
model. Also, a comparative study was conducted to investigate the Effect of delay in starting buffer accumulation.

4. Results

The results obtained from implementing the model in 18 stances generated using the design of experiment method and
comparison between the proposed model and a model that starts buffer accumulation without delay and at time zero reveal
several important findings.

The delay in starting the buffer accumulation in the proposed model led to a significant reduction in the expected cost of
buffer holding. Furthermore, as number of inspections decreases, inspection cost, the expected costs of restoration and spare
parts ordering also decreased.

Therefore, decreasing the number of inspections in the proposed model compared to without delay approach reduced all
costs except for the expected production cost of non-conforming items. In the without delay approach, there are inspections
from the beginning of the buffer accumulation to the end of production, which reduced the expected production cost of non-
conforming items, Generally, the expected total cost was significantly reduced in the proposed model compared to the without
delay model in starting buffer accumulation.

5. Conclusion

According to the results obtained from solving the model, we can understand the importance of using the model so that
creating a buffer between two machines in series prevents the production line from stoppages.

Another of the advantages of this model is that successive inspections with the aim of detecting the upstream machine shifts
lead to production line continuity and final product quality.

Considering buffer accumulation policy with delay and at optimal time is among the things that differentiate this model
from other models. This policy leads to reduced costs of inspection, buffer inventory holding, restoration and spare parts
ordering.

Considering the aforementioned concepts and their importance, in this research, a mathematical programming model was
presented for an integrated model of quality control, maintenance, buffer inventory and spare parts under the delayed buffer in
a two-machine series production system. For more efficiency, in future researches, models in which demand is uncertain and
requires more than one spare part during process shift can be presented.
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