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ISYE 6201: Manufacturing Systems
Instructor: Spyros Reveliotis
Midterm Exam I1
April 11, 2013

SOLUTLONS



Answer the following questions (8 points each):

1. A manufacturing station fits the assumptions of a G/G/1 queueing sta-
tion, and currently it is found to be unstable, i.e., it is not able to provide
the desired target throughput. The station supervisor who had an one-day
training in “factory physics” contests that the problem of the station should
not be considered as a “capacity” problem but as a “variability reduction”
problem.

Do you agree with this position?

(A) YES NO

Explain your answer.
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2. The propagation of variability in an asynchronous transfer line implies
that stations further upstream (i.e., in the earlier stages) in the line will
always have a more variable job arrival process, in terms of its inter-arrival
times, compared to their downstream stations.

(A) TRUE FALSE

Explain your answer.
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3. An effective way for reducing the mean cycle time, CT, in a CONWIP
line is by ..
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4. Consider a single-server processing station with job arrival rate rg, ef-
fective processing time t., and effective utilization u = r,t. > 1. What is
the effective long-term throughput for this station? (especially consider the
case where t — 00).

Explain your answer.
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5. What is the key element of the U-shaped layout that underlies most of the
advantages that this layout enjoys in the contemporary lean manufacturing
paradigm?
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Problem 1 (30 points): Consider a two-station asynchronous transfer
line supporting the production of a certain item Y. The processing time of
a single part of Y at the first station is distributed according to a general
distribution with a mean of 1 min and st. dev of 0.25 minutes. On the
other hand, the processing time of a single part of Y at the second station is
distributed according to a general distribution with a mean of 1.25 min and
st. dev of 0.5 minutes. Furthermore, Y is processed on this line in batches of
20 units per batch (this batch size defines, both, the processing and transfer
batch size among the line stations and its ingress and egress points). Finally,
batches are loaded on the line at a deterministic rate r,. Please, answer the
following questions:

i. (10 pts) What batch loading rate r, will enable the line to produce at
85% of its production capacity?

ii. (10 pts) What is the expected cycle time for the parts moving through

the line, if the line is operated at the rate that was computed in item
(i) above?

iii. (10 pts) What is the average number of batches that are waiting in
front of the second station?
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Problem 2 (30 points): Consider a stable single-server manufacturing
station which constitutes the first station of a longer production line. Jobs
arrive at this station according to a Poisson process, and the server utiliza-
tion is measured at 80% of its effective capacity. The server nominal (or
“natural”) processing time is (deterministically) equal to 2 minutes and its
current availability is 90%. The times between failures are exponentially
distributed, and so are the experienced downtimes; the mean value for the
latter is 30 minutes. Your task is to compute the following:

i. (10 pts) The throughput of this station in the operational regime that
is described above.

ii. (10 pts) The expected cycle time CT for a job going through this
station.

iii. (10 pts) The variability that is induced by this station to the rest of the
production line, as measured by the CV of the inter-departure times.
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