National Exams

May 2002

Production Management
Ind-A4

1. If doubt exists as to the interpretation of any question, the candidate is urged to submit
with the answer paper, a clear statement of any assumptions made;

2. Candidates may use one of two calculators, the Casio or Sharp approved models. This is
a Closed Book exam.

3. Any five questions constitute a complete paper. Only the first five questions as they
appear in your answer book will be marked.

4. All questions are equal value.
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Q.1- Determine whether the following statements are true or false. [2.5 points each]

a) The highest level of detail for production planning is the aggregate plan, followed by the
master production schedule (MPS), and then the materials requirement plan (MRP).

b) ABC analysis is used for identifying the degree of control appropriate for inventory
items.

¢) In general, work-in-process inventory is large for a product layout and small for a process
layout.

d) One of the first steps toward JIT production involved the development of supplier
networks.

e) Time series methods assume that what has occurred in the past will continue to occur in
the future.

f) The objective of project crashing is to reduce project duration while minimizing the cost
of crashing.

g) MRP was not designed for continuous or repetitive manufacturing, but for systems that
produce goods in batches.

h) The EDD dispatching rule is optimal for 1//Lmax problem.

Q.2- Consider the following 11 job, 2-machine problem. Find an optimal schedule that
minimizes the makespan and draw the Gannt chart of your schedule. [20 points]

jobs first machine processing time second machine processing time
1 M1 5 M2 9
2 M1 4 M2 5
3 Ml 6 M2 4
4 M2 4 Ml 2
5 M2 2 M1 3
6 M2 7 Ml 1
7 M2 4 M1 4
8 M2 7 M1 8
9 Ml 6

10 M1 4

11 M2 3
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Q.3- Kugellager, Inc. produces ball bearings for several industrial clients. The accounting
department has estimated that it costs $50 to initiate a production run, each unit costs the
company $2 to manufacture, and uses an annual interest rate of 30% to compute holding costs.
The ball bearing is produced at a rate of 10,000 units per year. The company experienced a
relatively flat demand of 2,500 units per year for the product.

a) Determine the optimal size of a production run [S points]
b) Determine the length of each production run [5 points]
¢) Estimate the average annual cost of holding and set up. [S points]
d) What is the maximum level of the on-hand inventory? [5 points]
Q.4- Your CD-Rack business is in danger of going under unless you address the costs
associated with your supply chain. You have been producing the CD-Rack in house according to

the following product structure diagram. The number in parentheses represents the number of
the respective components in one unit of the final assembly.

CD Rack
[ \
Sides (2) Base (1) Top (1)
[ l |
Shelves (3) Fastners (12)

Production or lead times and shipping times (between plants and/or warehouses) are given below
for each component or sub-assembly.

 Part Production (Lead) Time | Shipping Time
Shelves 1/2 week 1/2 week
Fasteners 1/4 week 3/4 week
Sides 1 week 1 week
Base 1/2 week 1/2 week
Top 1 week 2 weeks
CD Rack (Final Assembly) | 1 week | 0 week
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Predicted demand, scheduled receipts and inventory for the final assembly are as follows:

Period 0 1 2 3 4
Gross Requirements 400 350 100 225
Scheduled Receipts 0 50 0 10
Beginning Inventory 50

Net Requirements

Time Phased Net Req.

a) Consider the Base. Assume a set-up cost of $500 in each period of production and a holding
cost of $1.00 per unit per period. Use the Part-Period Balancing heuristic to determine the lot-
sizes to meet the demand requirements. Use the inventory and scheduled receipt information
provided in the following table. Complete the table with your solution. What is the total cost of
your lot-sizing solution (set-up plus holding costs) for the Base? [10 points]

Period -2 -1 0 1 2 3 4
Gross Requirements
Scheduled Receipts 0 0 0 30
Beginning Inventory 50
Net Requirements
Time Phased Req.
Planned Order Release
Planned Delivery
Ending Inventory

b) Consider the Sides. Assume a set-up cost of $250 in each period of production and a holding
cost of $1.00 per unit per period. Use the Silver-Meal heuristic to determine the lot-sizes to meet
the demand requirements. Use the inventory and scheduled receipt information for the Sides
provided in the following table. Complete the table with your solution. What is the total cost of
your lot-sizing solution (set-up plus holding costs) for the Sides? [10 points]

Period -2 -1 0 1 2 3 4
Gross Requirements
Scheduled Receipts 0 0 0 30
Beginning Inventory 50
Net Requirements
Time Phased Req.
Planned Order Release
Planned Delivery
Ending Inventory
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Q.5- Consider the assembly line balancing problem with the given data below:

Immediate
Task Time (min) Predecessor(s)

1 0.22 -

2 0.70 1

3 0.42 1

4 0.38 1,3

5 0.48 2,3

6 0.12 5

7 0.63 3,5

8 0.52 4

9 0.34 6,7

10 0.80 7,8

11 0.70 9,10

Assume that the planned cycle time is 0.9 minute and the planned production rate is 500 units per
day.

a) Draw the precedence diagram. [S points]

b) Using Ranked Positional Weight (RPW) Procedure, balance the tasks with the
minimal number of stations. [10 points]

¢) Find the efficiency and actual production rate of the line you found in part a.
[5 points]

Q.6- A computer consultant is developing a software project. Before embarking on the project,
she decides that it is important to consider the uncertainty of the times required for certain tasks.
As with any software project, unanticipated bugs can surface and cause significant delays. Based
on her past experience, the programmer decides that the minimum/maximum/most likely
(a/b/m) number of weeks for each task follow as in the following table.

Task Immediate a b m
Predecessor(s)
A - 2 4 3
B A 2 10 4
C A 2 2 2
D B,C 4 12 6
E C 2 8 5
F C 2 8 3
G E 3 10 7
H EF 3 9 5
1 D,GH ) 18 8

a) Find the critical path and the expected project completion time. [10 points]

b) Find the number of weeks required to complete the project with probability 0.90.
. [10 points]
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Q.7- Demand for T-shirts at your store over the past seven years is shown below. A consulting
firm has used a linear regression model to fit a line of the form y=a+bx to the data where the
independent variable is the year and the dependent variable is demand. The consulting firm has
determined the best values of @ and b as a=-40.27 and 4=119.89

Year | Demand | Estimated Demand
(y=-40.27+119.89x)

1 154 79.62

2 188 199.51
3 268 3194

4 382 439.29
5 502 559.18
6 782 679.07

a) Determine whether or not the consulting firm’s model is a good fit for the data by
calculating R? value. Is their model a good fit? [5 points]

b) Suppose you believe that a time series model would be better suited for this situation.
You believe that there is a trend present, but no seasonality. Use an appropriate
exponential smoothing model to forecast demand for year 10. (You may use smoothing
parameters of 0.4 — Note that the calculations are started below) [5 points]

Year F(t) T(t)
1 154.00 0.00
2 167.60 5.44
3 211.02 | 20.63
4 291.79 | 44.69

c¢) Calculate the BIAS for the time series model. What does this tell you about the model?
[S points]

d) If you used a 3 period moving average, what would you predict demand to be in year 10?

Do you believe that a moving average would be an appropriate model for this data? Why
or why not? [5 points]
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