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ABSTRACT
Machine availability and quality performance can significantly constraint the operation of
production systems. This work investigates the throughput and flow-time of a serial production line,
considering partial availability and imperfect quality processing. The study develops analytical
models of a production system based on Markov Chains and the Queuing Theory. The analytical
model’s results are verified using discrete event simulation. Preliminary results exhibit the most
throughput-constrained station and the impact of the model's parameters on selected performance
measurements.
1 INTRODUCTION
Machine availability and quality performance can significantly constraint the operation of
production systems. This work investigates the throughput and flow-time of a serial production line,
considering partial availability and imperfect quality processing. In practice, the throughput of a
station is always higher than or equal to the throughput of the following station. The throughput loss
along in a production line has a significant effect on the system's performance. Most models do not
take into account imperfect quality outcomes in production lines nor do they analyze the effect of
those results.
2 METHOD
The study develops analytical models of the serial production line based on Markov Chains and
the Queuing Theory. The analytical model’s results are verified using discrete event simulation. The
work investigates the production line throughput, the processed items flow-time and the buffers
occupancy. It also determines the most throughput-constrained station and prioritizes the
improvement of the corresponding throughput-limiting factors.
3 MODEL
The work assumes a line with two or more stations, each with a single machine, and a buffer
between every two consequent stations. Each processed item is inspected for its quality post
processing, resulting in either: good item continuing to the consequent station, defected item requiring
rework in the current station, or bad item which is scrapped. It is assumed that the demand is
unlimited (i.e. system’s arrivals), the station’s process times are deterministic, and the station
availability follows a known probability. The probabilities for good, defected or bad item are also
known and their sum equals unity. The machine availability and quality performance probabilities are
considered throughput limiting factors. Two main cases are investigated in the steady state:
Case I – production line with a finite and known number of stations and unlimited buffers size, and
Case II – production line with two stations and a single buffer with a limited size.
4 RESULTS
The steady state requirement is developed for Case I and II illustrating interesting analogy to the
traffic intensity requirement in the Queuing Theory. It is also shown that the stations throughputlimiting factors are bounded by the steady state requirement.
Preliminary results of Case I exhibit that the most throughput-constrained station is the first one
in the production line. Also, that increasing the “traffic intensity equivalent” drives larger buffers
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occupancy on average, and reduces the probability of an idle station. The flow time increases when
the availability of the first station increases but decreases when the availability of the other stations
increase. Preliminary results of Case II illustrate that it is always preferred to improve the throughputlimiting factors of stations closer to beginning of the line than closer to its end. Buffer size limit
determines the convergence condition where increasing buffer size grows the throughput at slower
pace. In addition, buffer size limit has significant impact on flow time especially for small values.
Furthermore, in Case I it is shown that changing the parameters of Station affect the
throughput of the current station and the downstream stations. However, in Case II it is shown that
changing the parameters of Station , when the buffer is limited, affect the throughput of the
downstream and upstream stations.
5 FUTURE RESEARCH
Future research will investigate additional cases of a production line of three or more stations with
limited buffers size and their throughput-limiting factors' prioritization for improvement.
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