ISYE 6201: Manufacturing Systems
Spring 2019
Instructor: Spyros Reveliotis
Final Exam
April 26, 2019
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Answer the following questions (8 points each):

1. Provide an intuitive explanation of the stability condition p < 1 for the
G/G/1 queue.
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2. While performing the mean value analysis for CONWIP lines that was
presented in class on a 4-workstation CONWIP line with its WIP ceiling set
to 10 jobs, we found that the average number of jobs and the expected cycle
times per station are as follows:

Workstation ] Average # of jobs | Expected Cycle Time (min)

1 2 10
2 4 20
3 3 12
4 1 7

Explain why, on the basis of the above numbers, we can infer that our
application of the method to the considered line was erroneous.
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3. Consider an assembly line with a cycle time ¢ = 60 secs and each work-
station having an idle time of at least 7 secs during this cycle time. What
is the maximum increase of throughput that can be supported by this line?

Please, provide your response as a percentage of the current throughput of
the line, and show clearly all your computations.
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4. What is the meaning of “demand chasing” in the context of the aggregate
planning strategies that were discussed in class? Provide an example where
the basic logic of this strategy could be naturally applicable.
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5. What is (i) the role, and (ii) the computational logic of the “Part Period
Balancing” heuristic that is used in production planning?
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Problem 1 (20 points): A company procures five items, A, B, C, D and
E from the same supplier, and it wants to use the “Power-of-2” order policy
in order to synchronize its orders with respect to these items.

The purchasing price and the annual demand for these items is as follows:

Item | Purchasing Price ($) | Annual Demand (in 1000’s)
A 10 2
B 15 4
C 8 12
D 10 7
E 12 9

Also, the ordering cost for the company transactions with the corresponding
supplier is 100$ per order, and the holding cost is computed based on an
annual interest rate of 5%.

Please, address the following questions:

i. (10 pts) Apply the “Power-of-2” order policy to the above data in
order to determine the replenishment periods for the different items,
using the month as the basic time unit.

ii. (10 pts) Compute the difference in the total annual cost for these
five items that is incurred by the considered ordering policy and the
optimal ordering policy that utilizes the EOQ value for every item. In
your calculation assume that items that have their orders synchronized
share the same ordering cost.
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Problem 2 (20 points): Consider a workstation where parts arrive ac-
cording to a Poisson process with rate A = 25 parts per hour, and are

processed in an automated manner by a numerically controlled machine at
that station.

The detailed processing of the parts by this machine is as follows: Parts are
drawn automatically from the workstation buffer and they are loaded on the
aforementioned machine that processes them for 2 minutes. However, there
is a 0.2 probability that a part processing will fail, and as soon as such a
failure is detected, the machine will reject that part, and the part will be
scrapped. These failures can occur (and be detected) according to a uniform
distribution over the nominal period of the part processing.

Please, answer the following questions:

i. (5 pts) What is the average effective processing time for a part and
the coefficient of variation for these processing times?

e
—

. (5 pts) Show that the workstation operation is stable.

—-

iii. (5 pts) Compute the effective throughput (i.e. the production rate of

good parts) of this workstation.

iv. (5 pts) Compute the expected waiting time for a part that goes through
this workstation and the average number of parts in the workstation
buffer.
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Problem 3 (20 points): A local sports company will produce golf clubs

on an assembly line, according to the eight operations that are listed in the
following table:

Task Req. Time (min) | Imm. Preds
1. Polish shaft 12

2. Grind the shaft end 14

3. Polish the club head 6

4. Imprint number 4 3

5. Connect wood to shaft 6 1,2,4

6. Place and secure connecting pin 3 5

7. Place glue on other end of shaft 3 1

8. Set in grips and balance 12 6, 7

The above table also reports the required time for each task in minutes, and
the immediate predecessors for each task.

Please, answer the following questions:

i. (5 pts) Draw the precedence diagram that represents the task prece-
dence constraints that are specified by the above table.

ii. (5 pts) What is the maximal throughput that can be supported by
this line?

ili. (10 pts) Use the heuristic of the “ranked positional weights” in order

to design an assembly line that will deliver the throughput that you
computed in part (ii) above.
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