ISYE 4803-REV: Advanced Manufacturing Systems
Instructor: Spyros Reveliotis
Midterm Exam III
November 29, 2017

Name: S.OL UT\O!\/S



Answer the following questions (8 points each):

1. Discuss how the strategic concern of “responsiveness” is addressed by the
typical specifications that are observed during the design of a production line
in contemporary high-volume (also known as “repetitive”) manufacturing.
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2. Consider an arrival stream that results from the superposition of n Pois-
son arrival streams with rates \;, i = 1,..., n (i.e., by the merging of all
these n streams into one arrival stream). The memoryless property of these n
streams implies that the probability that the next arrival will occur through
the i-th stream, is equal to p; = 1/n, Vi.

(a) YES @No

Please, explain your answer.
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3. Explain how the assumption of an “infinite buffering capacity” that is
used in many (actually most of the) models that have been studied by queue-
ing theory, is justified by the operational realities of the target applications.
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4. Briefly discuss the primary reason(s) that define a need for serial batching
in a manufacturing operation.
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5. Consider a workstation, A, that processes its arriving parts in parallel
batches of 15 parts per batch. Parts are directed to this workstation from an
upstream workstation, B. Parts arrive at workstation B at a rate of 15 hr—!,
and when they leave this workstation they are directed to workstation A
with probability of 1/3. Compute the expected batch inter-arrival time for
workstation A.
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Problem 1 (30 points): Consider a furnace that processes two different
part types, A and B. The buffering capacity of the furnace is 200 parts,
and each part type is organized into batches of some size k (the batch size
is common for both part types). The batches of each part type are entering
a common queue and they are processed on a first-come-first-serve basis.
Batch processing times for the two part types are deterministic, and they
are 10 minutes for part type A and 15 minutes for part type B. On the other
hand, the arrival stream of each part type at this workstation is a Poisson
process with rate of 10 hr~! for part A and 5 hr~! for part B.

i. (10 pts) Compute the minimal value of the batch size k that will
guarantee a stable operation for this workstation.

ii. (5 pts) Compute the server utilization when the employed batch size
is equal to the full buffering capacity of the furnace. Also, break down
this utilization in terms of each part type.

ili. (10 pts) Compute the expected cycle time for each part type at this
workstation when the batch size is set as in part (ii) above. Also,
provide the expected cycle time for any single part, irrespective of its
type.

iv. (5 pts) What are the WIP levels for each part type at this workstation?
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Problem 2 (30 points): Consider a manufacturing cell of three worksta-
tions, where the arriving jobs circulate among these workstations as indi-
cated in the following figure.
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For this cell, please, do the following:

I,

il.

iii.

(10 pts) Compute the average arrival rate for each workstation.

(5 pts) Assuming that each workstation has only one server, deter-

mine the mean processing time for each of these servers so that each

workstation has a utilization level of 90%.

(5 pts) What is the departure rate from this cell under the processing
times that you computed in part (ii) above?

iv. (5 pts) Write down the equation that expresses the SCV of the inter-

arrival times at workstation W.S3 in terms of the SCV of the inter-
departure times at the two workstations that feed workstation W.S3.
Provide numerical values for all the coefficients of this equation.

(5 pts) Compute the expected number of visits at each of the three
workstations for each job that goes through this cell.

Hint: For the last question above, try to use the information that is provided
in your response to the first question.
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