ISYE 4803-REV: Advanced Manufacturing Systems
Instructor: Spyros Reveliotis
Final Exam
December 7, 2015
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Answer the following questions (8 points each):

1. What is the primary motivation behind the notion of cellular manufac-
turing? What are the typical criteria for the definition of the corresponding

cells?
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9. Consider a workstation where the processed jobs are batches of N parts,
where N is uniformly distributed between 5 and 10. The processing time of
each part is distributed according to some general distribution with mean
equal to 5 minutes and st. deviation equal to 2 minutes. Compute the mean
and the st. deviation for the batch processing time.

Hint: Notice that the batch process time is a random variable T, = YV T;,
where N is the random number of parts in the batch and T; are the process-
ing times of these parts.
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3. Explain why the SPT rule minimizes the average WIP in static, single-
machine scheduling.
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4. Consider the re-entrant line with three single-server workstations WS,
i = 1,2.3. where each station is revisited once; i.e., the line supports the
production of a single part that is processed first at station WSy, then at
station WSo, then at station W.Ss, and subsequently the part comes back
at station WS, for another run through the same three stations. Hence, the
corresponding process plan has six processing stages in total, with processing
times 75, j = 1,...,6. Finally, suppose that parts arrive at workstation WS
with processing rate A

The necessary and sufficient condition for the stability of this line is the
satisfaction of the following three inequalities:

A7+ 7)) <1
M+ 15) <1
>‘(7'3+7'6) <1

(a) TRUE ALSE

Please, justify your answer.
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5. Consider a workstation with two identical servers and n jobs Ji, ..., Jn,
waiting for processing at this workstation. The job processing times are
ti, i =1,...,n. Then, the makespan for the processing of these jobs is min-
imized by any non-idling schedule, i.e., any schedule that does not keep the
workstation servers intentionally idle while there are jobs that are waiting
for processing.

(a) YES @No

Please, explain your answer.
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Problem 1 (20 points): Parts arrive arrive at a certain single-server work-
station according to a Poisson process with rate A = 3 parts per hour. Each
arriving part is classified as type 1 or 2, with corresponding probabilities
0.6 and 0.4. Parts of type 1 have a mean processing time 7 = 10 min-
utes and parts of type 2 have a mean processing time 75 = 15 minutes.
Furthermore, during the processing of these parts, the workstation server
experiences nondestructive outages with a mean repair time m, = 20 min-
utes. These outages are generated while the server is in processing according
to a Poisson process with a rate v = 1 outage per (working) hour.

i. (10 pts) Determine the stability of this workstation.

ii. (10 pts) Answer the question of part (i) above under the additional as-
sumption that the arriving parts are processed according to the FCFS
policy, and every time that the server must switch between part types,
there is a set-up time 7, = 5 minutes.
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Problem 2 (20 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. (5 pts) Compute the average arrival rate for each workstation.

ii. (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%.

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

iv. (5 pts) Compute the expected number of visits at each of the three
workstations for each job that goes through this cell.
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Problem 3 (20 points): Mike’s Auto Body Shop has five cars waiting to
be repaired. The shop is quite small, so only one car can be repaired at a
time. The number of days required to repair each car and the promised date
(w.r.t. the current day) for each are given in the following table.

Cars | Repair Time (days) | Promised Date
1 3 5
2 2 6
3 1 9
4 4 11
5 5 3

Propose appropriate schedules for the repair of these five cars under the
following two scenaria:

i. (10 pts) Mike has agreed to provide a rental car to each customer
whose car is not repaired on time.

ii. (10 pts) Mike will give a voucher of $100 to each customer whose car
is not repaired on time, to be used at her next visit at the repair shop.
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